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Knowlegde, Attitude and Practices Regarding Family Planning 
Practices and Methods among Women of Urban Slums of 

Pondicherry City Chennai

Arjit Kumar1, Pankaj Bhardwaj2

1Assssociate Professor, Department of Community Medicine, Sri Lakshmi Narayan Institute of Medical Sciences, 
Pondicherry,  2Professor, Department of Community Medicine,  All India Institute of Medical Sciences, Jodhpur

ABSTRACT

Background: Utilization of family planning methods, their side effects and the factors influencing their uses. 
Aims: To study the family planning practices methods among the married women of reproductive age (15-45 
yrs). Study Design: Community based study. Study Subjects: The Women of reproductive age groups (15-45yrs) 
adopting family planning methods & those residing in urban slums of Puducherry. Sample Size: 540, Study 
Period: July 2009 to July 2011. Sampling Technique: Thirty cluster sampling. Result: The acceptance of family 
planning methods both temporary and permanent methods increased with level of literacy of women. About 
53.40% adopted I.U.C.D, 38.83% O.C. pills & only 7.77% of their partners used condoms, 66.6% have undergone 
laparoscopic & 33.4% mini-lap sterilization. Vasectomy was not done for even a single partner. More number of 
illiterate and primary educated accepted   permanent method after 3 or more children than higher educated who 
accepted it after 1 or 2 children. Among acceptors of permanent methods, total 70.27% were experiencing side 
effects and among temporary method users, it accounted 23.30%. Conclusions: Acceptance in family planning is 
associated with increasing age, nuclear family & level of literacy. IUCD is the most accepted one among all the 
temporary methods. Vasectomy and newer contraceptives were not at all used.

Keywords: Contaceptives, IUCD, Contraception, need ,urban-slums, practices.

INTRODUCTION

India is home for three in-famous problems and 
those pre-fix with letter “P”. They are “population 
explosion”, poverty and pollution. Population explosion 
is directly perpetuating the other two problems. India is 
among the few countries in the world to accept family 
planning as a national programme. Operationally Family 
Planning practices are women-centred and based on two 
methods/practices, they are permanent and temporary.1

In NRHM, the family planning programme is 
implemented on cafeteria approach and is client-centred, 
demand-driven and need-based. The need-based or 
client-centred approach starts from the bottom and the 
need is calculated from the population in sub-centre by 
the health workers.2 So this is otherwise called bottom-up 
approach. In this present study an attempt has been made 
to assess the magnitude and distribution of the family 
planning practices/methods adopted or practiced.3

MATERIALS & METHOD

The Antenatal coverage amongst the recently 
delivered women was found to be 60%. Taking P as 
60 as “Concurrent assessment of Health and Family 
Welfare Programmes and technical assistance to district 
of Uttar Pradesh” by the Department of Medical Health 
And Family Welfare, Uttar Pradesh reported the same 
prevalence and Q as 40 and absolute error (L) 6%, 
sample size was calculated using the formula.4 Since 
respondents are chosen by cluster sampling design 
effect due to complex sample design comes into picture. 
Taking into account design effect of 2, the sample size 
was 532 # 540. The maternal care and other components 
of the Reproductive and Child Health programme were 
assessed using 30 cluster sampling technique. Thus 
for the present study, Probability Proportionate to Size 
(PPS) method was adopted as the sampling strategy. 
The study period was from July 2009 to July 2011. 
The desired number of women to be interviewed in 
each cluster was 18. In each cluster the first house was 
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Use of contraception method

Figure depicts the distribution of women according 
to the type of contraceptive method. More than half 
226 (66.5%) of the women were currently using 
contraception and 114 (33.5%) were not using any 
contraceptive technique even after having knowledge 
about them. More than half 54% of the women told 
that their husband were currently using oral pills as a 
method of contraception 12.2% of the women husband 
were using Nirodh whereas 24.3% of the women were 
sterilized and 20.8% were using Copper-T. Very few 
8.8% women were using other method of contraception 
i.e. (DMPA/injections).

Unmet need of Contraception:

Table 2 depicts the distribution of unmet need 
of contraception of the women. More than one third 
52 (45.6%) of the women were in unmet need of 
contraception. The unmet need was for pills as temporary 
method and rest of them were having the choice of other 
conventional contraceptives. Unmet need of family 
planning turns out to be 57%.

Table-2: Distribution of women according to 
their unmet need of contraception

Unmet need No. %
Need to use any contraceptive method in future (n=14)
Yes 52 45.6
No 62 54.4
Preferred method of contraception (n=52)
Temporary methods

Oral Contraceptive Pill 18 34.6

Nirodh 8 15.4
Copper T 7 13.5
Injection 3 5.8
Permanent methods

Female Sterilization 9 17.3

Male Sterilization 1 9.1

chosen at random and from there on, the next nearest 
house was visited until the desired numbers of mothers 
were interviewed. If a household had more than one 
beneficiary, all were included in the survey. The basic 
questionnaire of “Concurrent assessment of Health and 
Family Welfare Programmes and technical assistance to 
district of Uttar Pradesh” by the Department of Medical 
Health And Family Welfare, Uttar Pradesh was adopted 
and reframed as per the requirement of the study.5

RESULTS

Socio demographic profile of the contraceptive 
users

More than half, 334 (61.9%) of the women were 
Hindu and 200 (37%) were Muslims. Two third of the 
women, 367 (68%) belonged to SC/ST caste and one 
third of the women 122 (22.6%) belonged to OBC. A 
small percentage i.e. only 51 (9.4%) belonged to general 
caste. About one third, 202 (37.4%) belonged to age 
group 31-35 years and 158 (29.3%) belonged to age 
group 20-25 years. About 89 (16.5%) belonged to 26-30 
years of age. About half, 282 (52.2%) were illiterate and 
153 (28.3%) were educated up to primary level.

Knowledge about contraception

More than half (55.6%) of the women in the study 
were married before 18 years of age and 44.4% were 
married after 18 years of age. The distribution of the 
women according to knowledge of contraception is 
shown in table.

Table-1: Distribution of women according to 
Knowledge about contraceptive methods.

Knowledge No. %

Knowledge about any contraceptive method (n=540)

Yes 340 63.0

No 200 37.0
Knowledge about type of contraceptive method (n=340)

Oral Contraceptive Pills 331 95.7

Nirodh 116 34.1

Copper T 159 46.8

Male Sterilization 182 53.5

Female Sterilization 271 79.7

Injection 4 1.1
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Source of Contraceptives :

The study shows the distribution of the source 
of availing contraceptives by the women. More than 
one third, 91 (40.3%) availed contraceptives from 
private health facility while, 55 (24.3%) availed if from 
government health facility and local shops, remaining 
25 (11.1%) were not having any knowledge regarding 
source of contraceptives.

Reason for non use of contraceptives

Table 3 depicts the reasons for not using any 
contraceptive technique. About one third 35 (30.7%) 
opined that the use of contraception was against religion 
and 20 (17.5%) did not have much knowledge about 
the safe use of contraceptives. Similar number gave the 
reason as reluctance of the husband, other reasons were 
financial constraints, wish to extend family, some of 
them have no need for contraception and others were not 
able to give any cause.

Table-3: Distribution of women according to 
reasons for not using any method of contraception.

Reasons No. 
(n=114) %

Against religious belief 35 30.7

Less Knowledge 20 17.5

Opposition & reluctance of husband 20 17.5

Very costly 12 10.5

Wish to extend family 12 10.5

No need 12 10.5

No response 3 2.7

DISCUSSION

Similar findings were represented in the study 
done by, Agrawal Shraddha et al (2006). Dinesh and 
Kalia et al (2008) found the highest awareness ranging 
from 65-68% regarding contraceptive methods which 
is corresponding to our observation. The NFHS-3 data 
shows the findings differently. It shows that 38.4% had 
knowledge about any method of contraceptives.6

In the present study, 66.5% of the women were 
ever users of contraception where as 33.5% were the 
never users of contraception. Similar finding were 
shown by, Bhasin et al (2006), NFHS-3 India, Renjhen 
(2008). These studies show the usage of contraception 

between 50%-75%.7 The findings of these studies match 
the findings of the present study. Bhasin et al in their 
study showed that 75% of the subjects were users of any 
contraceptive   method. In the present study 54% of the 
women told that their husbands were currently using 
condoms for family planning and 36.6% of the women 
were using pills. It also shows that 24.3% of the women 
were sterilized and 20.8% were using copper-T. Very few 
were using other method of family planning.8 Similar 
findings were shown by Bhasin et al (2005), Agrawal 
Shraddha et al (2006) Condom was the most common 
method which constituted about 33.4% of contraception 
followed by oral contraceptive pills, tubectomy and 
intrauterine device 15.7%. The percentage use of female 
sterilization was 37.8% followed by 9.8 for condoms, 
3.8% for IUD and 3.2% for contraceptive pills. Non 
acceptors were more in Muslim community.9 Khokkar 
and Gulati (2000), Banerjee et al in (2004) found in their 
studies that low usage of family planning methods is 
associated with low literacy rate and Muslim community 
and the present study shows the similar results.10

CONCLUSION

NGO involvement with active community 
participation has to be strengthened for effective 
implementation of RCH services. Health volunteers 
and workers under NHUM should be piloted in these 
urban slums to increase the utilization of maternal health 
services.11

Regular concurrent assessment of the client based 
perception of the programme to be done so as to improve 
the quality services provided to increase utilization of 
the programme.

Ethical Clearance- Taken from Sri Lakshmi 
Narayan Institute of Medical Sciences Ethical 
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The Role of Biofeedback Therapy as a Tool for Stress 
Reduction in Patients Suffering from Chronic Stress
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ABSTRACT

Modern day life is replete with stress, development and increased dependency on technology comes with a 
baggage of  stress. Stress is the major factor responsible for lifestyle related disease. The below study was 
conducted to evaluate the extent to which stress management  could be carried out in subjects of different age 
groups  using biofeedback as a technique for stress management. Biofeedback therapy is a tool in which the 
subjects are trained how to relax using program generated audiovisual effects which monitor the parasympathetic 
response as the patient gets more and more relaxed. Biofeedback is a perfect example of mind body interface 
where the progress made by patient could be accessed by patient himself.

Keywords : Stress,Biofeedback, Relaxation Therapy (BRT), EEG

INTRODUCTION

STRESS AND MIND-BODY INTERPLAY

The commonsense notion that ‘too much stress 
makes you sick’ might hold more than a grain of truth in 
modern day lifestyle esp in workers in low key jobs , in 
which they have high stress and little autonomy, people 
today  have more than twice the risk of developing 
metabolic syndrome —a precursor of heart disease 
and diabetes—compared with employees in higher-
level jobs   (Chandola et al, 2006), By measuring heart 
rate, and cortisol and adrenaline levels, researchers 
also found that stress affects the autonomic nervous 
system and neuroendocrine function (Chandola et 
al, 2006; Bjorntorp, 1991; Brunner et al, 2002). This 
aggregates (Brydon et al, 2006) the understanding 
that emotions affect physical health dates as far back 
as the second-century In the past 30 years, however, 
research into the link between health and emotions, 
behavior, social and economic status and personality 

has moved both research and treatment from the fringe 
of biomedical science into the mainstream. According 
to the mind–body paradigm, there is no real division 
between mind and body Chronic activation of stress 
responses by the hypothalamic–pituitary–adrenal axis 
and the sympathetic–adrenal–medullary axis leads to a 
permanent overproduction of glucocorticoid hormones 
and catecholamines (adrenaline and noradrenaline)1. 
Immune modulation by pituitary and adrenal hormones 
occurs through two pathways: directly by binding 
hormones to receptors, or indirectly by inducing the 
deregulation of cytokines, such as tumour necrosis 
factor (TNF) and interferon-γ (Glaser &Kiecolt-Glaser, 
2005). This hormonal activation as well as production 
of several cytokines in turn lead to activation of the 
sympathetic nervous activity which produces the 
different manifestations of stress2.

BIOFEEDBACK

Biofeedback is a self‐regulation technique  through 
which patients learns to voluntarily control what were 
once thought to be involuntary body processes. This 
intervention requires equipment to convert physiological 
signals into meaningful visual and auditory cues, as 
well as a trained biofeedback practitioner to guide the 
therapy. Using a screen such as a computer monitor, 
patients get feedback that helps them develop control 
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over their physiology. 

Some of the other commonly monitored variables 
are used when the goal of biofeedback is to reduce 
sympathetic arousal. These include heart rate, respiration 
rate, skin surface temperature (at the fingertips), 
skin conductance and heart rate variability3. This 
physiological information is normally not viewed as 
being under conscious control, but biofeedback provides 
real‐time data, helping to bring such physiological 
processes under the control of the patient. Common 
disorders treated in this way include hypertension, 
anxiety and medical conditions exacerbated by stress. 
Biofeedback also helps to make patients aware of 
the thoughts, feelings and behaviours related to their 
physiology. Over time, they can learn to self‐regulate 
without feedback screens in front of them.

MATERIAL AND METHOD

The present study was conducted in the dept of 
psychiatry & physiology M.L.B Medical College 
,Jhansi.The participants in the study were patients 
presenting in the Psychiatric O.P.D who were suffering 
from long term stress and were willing to participate in 
the study. At their arrival at the center, the authors, having 
informed the participants about the aim of the study, 
asked for their voluntary and anonymous participation, 
emphasizing that they could withdraw their consent 
at any time. Both oral and written instructions were 
given to ensure that the items were understood, and 
participants were reassured about the confidentiality of 
their responses.Concent was also obtained from hospital 
ethical committee

AIM

The aim of this study was to determine whether 
the use of a biofeedback-based stress management 
tool (consisting of rhythmic breathing, actively self-
generated positive emotions and a portable biofeedback 
device) helps to reduce stress.

OBJECTIVES

• To study the effectivity of biofeedback in 
management of stress

• to study the effectivity of b.r.t  in   different age 
groups, sexes and education levels

INCLUSION CRITERIA:

• Subjects suffering from long term stress .

• Willing to participate in the study.

EXCLUSION CRITERIA:

• Subjects suffering from any comorbid  
psychiatric  illness like depression,bpd,schizophreniaetc 
were not included.

PROCEDURE: Both the visual feedback received 
through a video game-like display portraying a  
animation and audio feedback with the inclusion of 
music with changes in frequency, volume, and rhythm 
enabled the individual to respond by moving toward 
a better, learned, and voluntary-controlled function 
as they consciously directed their brainwaves. For 
feedback control ,baseline alpha wave activity was set 
as the patient got more relaxed alpha activity increased 
and a bargraph turned green When subject to relax 
without falling asleep. In the training session they were 
first given progressive muscle relaxation exercises along 
with breath training and instructions to improve positive 
feedback. Subjects were also required to practice the 
relevant relaxation and breathing exercises that provided 
positive feedback daily, preferably at a fixed time of day. 
The perceived  stress scale was administered at initial. 
Sujects were assigned in four groups according to their 
age group. Participants received instrument feedback 
training every week for 3 months.when  the alpha 
activity was above threshold, the animation started and 
a song played,the animation became more vibrant as the 
patient relaxed. while the counter accumulated points.

Perceived Stress Scale

The questions in this scale ask you about your 
feelings and thoughts during the last month. In each 
case, you will be asked to indicate by circling how often 
you felt or thought a certain way4-7.

Name___________________________________

Date __________________Age__________ 

Gender (Circle): M        F                  

Other ___________________________________
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0 = Never 1 = Almost Never 2 = Sometimes 3 = 
Fairly Often 4 = Very Often

1. In the last month, how often have you been upset 
because of something that happened unexpectedly?........
.......................... 0 1 2 3 4

2. In the last month, how often have you felt that you 
were unable to control the important things in your life? 
.................................................. 0 1 2 3 4

3. In the last month, how often have you felt nervous 
and “stressed”? ............ 0 1 2 3 4

4. In the last month, how often have you felt 
confident about your abilityb to handle your personal 
problems? ............................................................. 0 1 2 
3 4

5. In the last month, how often have you felt that 
things were going your way?...........................................
....................................... 0 1 2 3 4

6. In the last month, how often have you found that 
you could not cope with all the things that you had to do? 
......................................................... 0 1 2 3 4

7. In the last month, how often have you been able 

to control irritations in your life?.....................................
.............................. 0 1 2 3 4

8. In the last month, how often have you felt that you 
were on top of things?.. 0 1 2 3 4

9. In the last month, how often have you been 
angered because of things that were outside of your 
control?................................... 0 1 2 3 4

10. In the last month, how often have you felt 
difficulties were piling up so high that you could not 
overcome them? ......................... 0 1 2 3 4

OBSERVATION   

The present study entitled “role of   biofeedback 
in stress management”,was conducted in the Dept of 
psychiatry M.L.B Medical College Jhansi.All 100 
subjects were accessed for stress level using perceived 
Stress scale and then biofeedback relaxation therapy was 
administered to them.

Mean time of completion for sessions was 20 
min, with times ranging from 15 to 30 minutes. Forty-
three percent of the sessions were completed within20 
minutes, with 55% exceeding 20 minutes. Only 2 
sessions were completed in less than 15 minutes.

Table No. 1 Reduction of stress in different age groups.

AGE No. of Subjects Overall Score
SD 1st SessionSD 1st Session Last Session P Value

<30 25 28.2-7.6 19.2-7.6 .0001

31-40 27 30.4-7.7 20.2-7.6 .0001

41-50 26 33.4-8.5 24.2-8.1 .0001

>51 22 33.8-6.5 26.4-6.3 .0001

There was a gradual reduction in stress in all age groups which was significiant. Patient in the age group >50 
years had the maximum stress level at the beginning of study ,but following b.r.t maximum stress reduction was 
found in younger age group 31-40 followed by >40 yr group ,which could be related to effect of aging on cognition 
and therby  b.r.t was most effectively used by younger age group  .

Table No. 2 Gender wise reduction of stress.

Gender No. of Subjects Overall Score SD 1st 
Session Last Session P Value

Women 56 32.4-7.7 25.2-7.2 .0001

Men 44 30.3-8.6 25.4-7.2 .001

A lowering in stress is seen in both sexes however females who had greater perceived stress at the beginning of 
study also showed a slightly greater reduction compared to there male counterparts.
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Table No. 3 Lowering of stress in educated and uneducated subjects. 

Education Level No. of Subjects Overall Score
SD Ist Session Last Session P Value

10th and above 70 32.6-7.2 26.8-7.1 <.001

Uneducated 30 31-8.-7.4 27.6-6.8 <.001

Biofeedback  relaxation therapy decreased stress 
to an equal extend in both educated and uneducated 
patients and no significiant change in level of stress 
reduction was found in different education level

DISCUSSION

The ability to generate alpha brainwaves has been 
associated with the self-regulation of stress (Wacker 
1996). Previous studies specifically linked stress and 
relaxation with EEG recordings (Isotani et al 2001) and 
found that an increase in alpha frequencies in the frontal 
scalp area is an indication of positive relaxation training 
effects of audiovisual stimulation (Teplan et al 2003) 
and is neuroprotective (Sterman et al 1970). Our study 
suggests that EEG biofeedback can effectively lower 
stress, Inconsistencies in the different studies concerning  
stress reduction could be attributed to the way   stress 
was assessed in individual patients and the actual length 
of treatment with longer periods of treatment reducing 
stress more effectively.

Detailed evaluation of each patient undergoing 
treatment would be a better evaluation of the 
characteristics and efficiency of the treatment. The 
Biograph program used for our study only required an 
electrode to be placed on only one active site in the scalp 
(C3) for EEG recordings. Most of the other similar studies 
recorded EEG from more than one active site according 
to the International 10–20 system. Furthermore, any 
increase in arousal affects the EEG frequencies in the 
entire region of the scalp and not just an isolated area 
(Barry et al 2004). Changes in arousal levels are linked 
with global activity while specific regional activity 
is linked with processing3,8. Our study of 5 sessions 
of operant training of EEG activity was sufficient to 
produce significant changes in stress scores.. A more 
detailed assessment would be to see the long-term effect 
of therapy, and evaluate whether a 3-month program 
could still have positive influence on stress  6months or 
one year after completion of treatment.

Although training involving EEG activation must 
be within a consistent therapy situation (Rosenfeld et 
al 1996), it is difficult to distinguish the effects of EEG 
training from confounding conditions like drowsiness, 
medications, caffeinated drinks, changes in emotional 
state/arousal, artifact from eye movements, time of day, 
and state of alertness. Therefore, these factors should 
be taken into consideration to eliminate the possibility 
of their influence on the positive effects resulting from 
intervention.

The open and uncontrolled nature of our study 
militates against firm conclusions. However, the 
significant reduction in stress  scores could lead to a 
big improvement in the morbidity and mortality rate 
of these patients as a further reduction was seen even 
in those scoring normal level scores during initial 
recruitment.The study  suggested a higher level of 
concentration and alertness for participants as they 
underwent their relaxation and biofeedback therapy.

EEG biofeedback provides accumulated benefits for 
some participants. The learning gained by the subjects 
during their training can be applied in their everyday 
life, as participants had their eyes open and learnt to 
stay relaxed while remaining alert and reducing their 
tendency to fall asleep. Biofeedback may also indirectly 
assist the participant to be better focused, more in 
control, and to feel clinically better.

CONCLUSION    

The presentstudy titled “Role of Biofeedback 
Relaxation therapy in stress management”was 
conducted in the Dept of Psychiatry M.L.B 
MedicalCollege,Jhansi.

Subjects were taken from the psychiatryO.P.D ,50 
consenting subjects were included in the study .The 
following conclusions were drawn from the study.

1.  Following b.r.t maximum stress reduction was 
found in younger age group 31-40 followed by >40 
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yr group ,which could be related to effect of aging on 
cognition and therby  b.r.t was most effectively used by 
younger age group  .

2.  A lowering in stress is seen in both sexes 
however females who had greater perceived stress at 
the beginning of study also showed a slightly greater 
reduction compared to there male counterparts.

3.  Biofeedback  relaxation therapy decreased stress 
to an equal extend in both educated and uneducated 
patients and no significiant change in level of stress 
reduction was found in different education level
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ABSTRACT

Background – Reaction time provides an opportunity to assess the processing capabilities of the nervous system. 
It is affected by several factors, some of which are related to the stimuli, while others to various aspects about the 
subject itself.

Methodology – This study was done on healthy females in the age group of 20-25 years with normal BMI and in 
the proliferative phase of the menstrual cycle. VRT was done using the response analyser and the results of VRT 
were correlated with various anthropometric parameters using Pearson’s correlation analysis.

Results – Visual reaction time showed a positive correlation with various anthropometric parameters (height, 
weight, BSA and BMI), but was not statistically significant.

Conclusion – Visual reaction time is prolonged to some extent with increasing BMI, even though the BMI is 
within the normal range.

Keywords – Visual reaction time, Anthropometric variables, BMI, Females.
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INTRODUCTION

Reaction time is the elapsed time between the 
onset of a stimulus and an individual’s response.1 It 
is affected by multiple factors related to the nature of 
the stimulus as well as to various aspects of the subject 
itself. Some of the subject factors that affect the reaction 
time to a stimulus includes age, physical condition of 
the subject, practice, attitude and attention, to name a 
few.2 Anthropometry is the measurement of size and 
proportions of the body. These measurements include 
individual measurements like height and weight, as well 
as various ratios and indices like BSA (body surface 
area) and BMI (body mass index).3

Obesity (BMI > 25.0 kg/m2) has been shown to be 
associated with poorer cognitive performance resulting 

in longer reaction times.4 The aim of the present study 
was to elucidate whether reaction time to a visual 
stimulus is affected by BMI within the normal range 
(i.e. 18.5-24.9 kg/m2)

MATERIALS AND METHOD

The subjects for this study were selected from 
normal healthy unmarried females in the age group 
of 20-25 years. The study was duly approved by the 
institutional ethical clearance committee. 50 subjects 
who satisfied the inclusion and exclusion criteria were 
selected, and informed consent was obtained from 
them. The exclusion criteria applied were as follows: 
Those taking any medication or hormonal preparations 
(that could alter the menstrual hormonal milieu), 
those having any physical illness or endocrinological 
disorders, smokers, alcoholics, athletes/ those involved 
in excessive physical activity. The subjects were 
instructed to visit the department during the proliferative 
phase i.e.  9-12th day of their menstrual cycle. Daily 
basal body temperature recordings formed the basis 
for this judgment. Height and weight were recorded 
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using standard methodologies. The BMI (body mass 
index) of each subject was calculated by dividing her 
body weight in kilograms by the square of her height in 
metres (Quetelet’s index), whereas BSA (body surface 
area) was calculated using a standard nomograph. 
Response times measurements (VRT) were carried 
out after the subjects were thoroughly acquainted 
with working of “response analyzer” (YSRT – 0101 
– Pune). It was ensured that no subject consumed any 
caffeinated products 6 h before the testing. The time 
displayed in milliseconds was noted and taken down 
as the response time for that stimulus. 10 readings were 
taken, the lowest readings were used for computation. 
The procedure room was a quiet and secluded room, 
whose ambient temperature was about 27°C. All tests 
were done between 10.00 am and 1.00 pm. The results of 
VRT were expressed as mean ± standard deviation and 

its relationship with anthropometric data were analysed 
using Pearson’s correlation coefficient. P value < 0.05 
was considered as significant. Statistical analysis was 
done using Microsoft Excel.

RESULTS

The average values and standard deviations of VRT 
and various anthropometric parameters like height, 
weight, BSA (body surface area) and BMI (body mass 
index) during the proliferative phase of menstrual cycle 
of the study subjects are provided in Table 1. Whereas 
the results of the Pearson’s correlational analysis of VRT 
with various anthropometric parameters like height, 
weight, BSA (body surface area) and BMI (body mass 
index are represented in Table 2. VRT showed a general 
positive correlation with all the assessed anthropometric 
variables, but were statistically not significant.

Table 1: Mean values and standard deviation of Anthropometric parameters and Visual reaction time 
( N=50)

Height(cms) Weight (kgs) BSA BMI VRT (msec)

Mean + SD 161.02 + 6.41 57.02 + 4.99 1.60 + 0.10 21.95 + 0.79 185.80 + 10.70

Table 2: Correlational analysis of Visual reaction time with various Anthropometric parameters ( N=50)

Height Weight BSA BMI

R value 0.213 0.216 0.226 0.060

P value 0.136* 0.130* 0.113* 0.676*

* Not significant

DISCUSSION

Our study demonstrates that there is a positive 
correlation between the various anthropometric 
parameters (height, weight, BSA and BMI) and visual 
reaction time. Hence with an increase in the value of 
these parameters there is a prolongation of the visual 
reaction time.

A study by Deore DN et al observed a prolonged 
VRT in the underweight as well as overweight/obese 
individuals as compared to normal girls and it was 
statistically significant.5 In contrast to the above 
study which does not specify the exact timing of VRT 
recording i.e. phase of menstrual cycle, in our study 
we took the VRT readings in a specific period of the 
menstrual cycle i.e. the proliferative period.

Similarly a study by Simran G et al found a 
significantly longer VRT to yellow color in obese 
group as compared to control group and non-significant 
prolongation for red and green color.6 Other studies have 
also reported similar findings as far as the relationship 
between VRT and BMI is concerned.7,8,9

It has been observed that motor as well as sensory 
nerve conduction velocity show a non-significant 
slowing with increasing BMI in several nerves in 
younger age group.10

The probable reason for this positive correlation 
between BMI and VRT maybe because elevations of 
BMI can potentially lead to pathophysiologic changes 
like vascular changes, impaired insulin regulation, 
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systemic inflammation, and reduced cardiovascular 
fitness which can impact cognitive functioning, thereby 
slowing the processing capability and leading to a longer 
reaction time.4

CONCLUSION

Visual reaction time is prolonged with increase 
in BMI, even within the normal range of BMI, hence 
factors other than accumulation of adipose tissue may 
also contribute to this aspect.
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ABSTRACT

Background: Hypertension is the most prevalent non communicable disease and it markedly increases both 
morbidity and mortality. Variation in QT intervals has been proposed as early markers of vulnerability to ventricular 
arrhythmias and considered as potential predictors of mortality. This study was taken up to assess early detection 
of changes in QT interval among hypertensive subjects and early management of cardiac abnormalities.

Aim: To assess the cardiac function status in patients with essential hypertension by analyzing QT interval, 
corrected QT intervals (QTc) and QT dispersion (QTd).

Method: 50 hypertensive and 50 normotensive male subjects between the age group of 40 -60 years were 
selected. Computerized ECG system with Nivi qure software was used for the study. Mean QT intervals, 
QTc and their dispersions (QTd), were assessed to observe cardiac function status. Statistical analysis was 
done by using paired “t” test.

Results: Mean QT intervals, QTc intervals and their dispersions were significantly higher in hypertensive 
subjects (p < 0.001).

Conclusion: The levels of both systolic and diastolic blood pressures are related to the generation of 
ventricular rhythm problems either via increasing left ventricular mass which results in an increase in QT 
parameter measurements.

Keywords: Cardiac arrhythmias, Hypertension, QT intervals. 

INTRODUCTION

Hypertension is the most common cardiovascular 
disorder affecting 20% of adult population worldwide, 
which is also an important public health problem, both 
in the developed and developing countries1. It markedly 
increases both morbidity and mortality. The adverse 
effects of hypertension principally involve the heart, the 
blood vessels, the retina, and kidneys including central 
nervous system2.

Hypertension is also associated with target organ 
damage like left ventricular hypertrophy (LVH), heart 
failure, coronary arterial disease, peripheral arterial 
disease, micro albuminuria, retinopathy and stroke. 
Hypertension doubles the risk of cardiovascular disease 
and is considered as one of the major risk factors for 
cardiovascular mortality, which accounts for 20- 50% 

of all deaths3. There is a significant association of 
cardiovascular risk with the severity of blood pressure 
(BP) and the level of BP control.

QT intervals are the electrocardiographic 
measurements of cardiac depolarization and 
repolarization periods. QT prolongation is associated 
with various components of the insulin resistance 
syndrome, age body mass index, left ventricular 
hypertrophy, persistently elevated blood pressure4.QT 
interval prolongation has been associated with an 
increased risk of ventricular arrhythmias and sudden 
death in the myocardial infarction5, in chronic heart 
failure6, in diabetic patients7 and also among general 
population8. An abnormal ventricular repolarization has 
also been described in patients with hypertensive heart 
disease9,10 and a prolonged QT interval is a risk factor for 
ischemic heart disease in hypertensive subjects11. 
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 Increased QT dispersion have been found in patients 
with hypertension, diabetes, left ventricular hypertrophy, 
myocardial infarction, hypertrophic cardiomyopathy, 
chronic heart failure, mitral valve prolapse and long QT 
syndrome which is genetically related12. Left ventricular 
hypertrophy (LVH) and prolonged QT interval at ECG 
are common in arterial hypertension (AH), and are 
considered as major risk factors for cardiovascular 
disease and sudden death13. Studies have also shown 
the association of corrected QT intervals and their 
dispersions were significantly higher in the hypertensive 
group and showed direct relation with the level of 
systolic and diastolic blood pressures14.

Variation in QT intervals has been proposed markers 
of vulnerability to ventricular arrhythmias and potential 
predictors of mortality. This study was taken up to 
assess early detection of changes in QT interval among 
hypertensive subjects and early management of cardiac 
abnormalities.

MATERIALS AND METHOD 

The present study was conducted in the Department 
of Physiology, between June 2010 to June 2012. 50 
known case of hypertensive male subjects and 50 
normotensive male subjects between age group of 40-60 
years were selected for the study. Smokers, alcoholics; 
patients with history of diabetes mellitus, congestive 
cardiac failure, symptomatic coronary artery disease, 
atrial fibrillation; subjects with secondary arterial 
hypertension – like pheochromocytoma, renal artery 
disease etc, and history of drug treatment other than 
antihypertensive were excluded from the study group.

All subjects were encouraged for voluntary 
participation after explaining the procedures to be 
undertaken. Informed written consent was taken from 
them. The subjects were advised to have their meal by 9:
00 pm, to have a good sleep at night before and to remain 
free from any physical or mental stress, not to take 
sedatives or any drugs affecting central nervous system. 
The subjects were also asked to avoid tea or coffee at 
breakfast and attend Physiology lab between 9.00 AM 
to 11.00 AM on the day of examination. All subjects 
were clinically examined and detailed history was taken 
with reference to duration of hypertension, family 
history, personal history like smoking, alcoholism 
etc and previous drug history. Physical examination 
was done. Then the subject was kept under complete 

bed rest in supine position for 15-20 minutes in a cool 
and calm environment. During this period subject was 
advised not to perform physical or any mental activity. 
Blood pressure was recorded in supine position using 
mercury sphygmomanometer. A standard adult size cuff 
measuring 23 cm by 12 cm was used for all subjects. 
Three readings were taken and average of second and 
third was used for the study. 

Subjects were rested in supine position for at least 
10 minutes, after which resting ECG was recorded with 
the subjects remaining supine for 5 minutes. ECG was 
acquired using digital ECG system, an instantaneous 
heart rate at RR intervals were continuously plotted 
using Niviqure software  on  a  Microsoft window  based  
computer.  The digital ECG system was used to save 
multiple records and provided with additional filter 
settings, calculation tools, automated analysis and auto 
report generation facilities. QT and RR intervals were 
analyzed. Corrected QT (QTc) was calculated using 
Bazett’s formula   

and QT dispersion was determined by taking the 
difference between longest (QT max) and shortest (QT 
min) QT interval.

STATISTICAL ANALYSIS

The results were given as Mean ± Standard Deviation 
and range values. Comparisons were performed using 
student’s t-test for 2 group comparisons. The p value of 
0.05 or less was considered as statistical significance.

RESULTS

Mean values and standard deviation of 
Electrocardiographic parameters are depicted in 
the table in detail. Hypertensive subjects showed 
statistically highly significant mean QT(ms) interval as 
compared to normotensive (p<0.000). RR(ms) interval 
was significantly higher in hypertensive patients 
(p<0.000). QT Max and QT min was highly significant 
in hypertensives (p<0.000). Corrected QT interval(QTc) 
was significant in hypertensives as compared to normal 
subjects (p<0.008). Hypertensive subjects showed 
significantly higher QT dispersion (QTd) as compared 
to normal subjects (p<0.007). 
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DISCUSSION  

Hypertension is the most prevalent non 
communicable disorder in the world. It is a big concern 
because of the devastating effects of its chronic 
complications involving multisystem in body. Over 
years HRV has gained so much interest because of its 
non invasive and bed side procedure for early detection 
of cardiovascular pathology.

Over 6 decades epidemiological studies have proved 
increase in heart rate has increased cardiovascular 
morbidity in cardiovascular patients and also in general 
population with or without risk factors15,16. Our study 
showed elevated heart rate in hypertensive subjects. 
Increased heart rate is correlated with higher Blood 
pressure. Increased sympathetic tone manifested by 
higher heart rate is common among hypertensive 
subjects17. 

There was significant reduction in RR interval. 
Similar findings were reported in Pavithran et al18. 
Reduced RR interval and elevated heart rate shows 
decreased vagal modulation and higher sympathetic 
activity in hypertension patients. This study showed 
that QT and QTc dispersions increased in hypertensive 
patients had a direct relation with the occurrence of 
ventricular rhythm problems. QTd has been shown to 
be a useful noninvasive method for the detection of 
inhomogeneity of ventricular recovery times19-24. We 
found a relation between systolic and diastolic blood 
pressure levels and QT intervals, increased QT intervals 
and dispersions were related with increased blood 
pressures. The present study has shown that, even prior 
to the development of hypertensive heart disease there is 
prolongation of QT interval.

Table 1: Electrocardiographic Parameters In Study Subjects

Hypertensive subjects Normotensive
Subjects

Normotensive subjects  V/S
Hypertensive subjects

  mean sd Mean sd t value p value

QT (ms) 567.230 80.0526 460.424 47.7721 8.101 < 0.000  HS

RR(ms) 848.3914 166.81783 949.1316 140.38980 -3.267 < 0.001  HS

QTc(ms) 768.688 7.199 491.365 59.829 2.714 < 0.008  S

QT max(ms) 567.230 80.0526 460.424 47.7721 8.101 < 0.000  HS

QT min(ms) 515.98 103.869 436.98 46.821 4.903 < 0.000  HS

QTd 51.250 71.6337 23.444 4.7224 2.739 <  0.007  S

* Unpaired t-test NS – Not significant, HS- Highly significant, S- Significant

LIST OF ABBREVIATIONS USED

ANS – Autonomic nervous system

BMI – Body mass index

BP    - Blood pressure

DBP – Diastolic blood pressure

ECG – Electrocardiogram

Mm Hg – millimeter of mercury

ms  - milliseconds

SBP – Systolic blood pressure

QTc - Corrected QT intervals 

CONCLUSION

In conclusion, testing cardiac funct ion s ta tus  
is an important area of investigation in hypertensive 
patients, to look for ventricular arrhythmias. Since 
prolongation of QT interval is associated with cardiac 
arrhythmias, suggesting that these hypertensive patients 
may have risk for occurrence of cardiac arrhythmias in 
future. These simple noninvasive measures can  be  used  
for early  detection and treatment of cardiac arrhythmias 
and other  variations  in cardiac autonomic function.

Ethical Clearance was taken from Institutional 
Ethical committee, JJMMC, Davangere. 
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ABSTRACT

Background: Intraocular pressure of the eye is governed by the formation, presence and out flow of the aqueous 
humor produced by the ciliary body of the eye. Any disturbances in this mechanism will lead to Glaucoma, a 
second leading cause of blindness in the world. Certain systemic parameters such as hypertension, age, sex etc 
will influence the levels of intraocular pressure and thence may form risk factors for glaucoma. The current 
study was aimed at know the relation of intraocular pressure and other systemic parameters especially of blood 
pressure.

Materials and Method: The current prospective study carried out at Departments of Physiology and 
Ophthalmology, Government Medical College and General Hospital, Anantapuramu and included 150 subjects of 
which 75 were male and 75 were females. Standard methods were used for recording as well as analysis of data.

Results: The results of this study indicated that IOP increased with age in both sexes and it higher in women than 
men. The relation is statistically significant with p value <0.0001. It can also be emphasized that values of blood 
pressure, mean arterial pressure and Pulse pressure positively correlated with the intraocular pressure.

Conclusion: It is recommended that Intra Ocular Pressure(IOP) estimation should be made as a routine health 
checkup in everyone, especially in females over 40 years of age, whose systemic blood pressure, mean arterial 
pressure and pulse pressure values are high because of their high chances of having high intraocular pressure.
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INTRODUCTION

The aqueous humor of the eye is produced by 
ciliary body and drained out of the eye via trabecular 
complex plays an important metabolic role by providing 
nutrition to the avascular structures of the eye viz., 
cornea, lens and vitreous and thence maintains optical 
transparency and maintains proper intraocular pressure 
within the eye which is the key factor in maintaining the 
structural integrity of the eye globe. Normal Intra Ocular 
Pressure (IOP) in human beings ranges from 10-21 mm 

of Hg (mean 16±2.5)1. Under normal circumstances the 
Intraocular Pressure is maintained through a balance 
between Aqueous humor production and absorption.  
Various systemic body variables such as age, gender, 
heredity, blood pressure (B.P), posture etc., influence 
the intraocular pressure. This decreased physiological 
reserve in eye and cardiovascular system are reflected 
as changes in intraocular pressure and blood pressure 
respectively. Hypertension influences the change in 
Intra Ocular Pressure (I.O.P) and there by results in 
dysfunction of the eye leading to loss of vision.

Elevated Intraocular Pressure is one of the major 
risk factors for developing Glaucoma, a disease of eye 
that is characterized by increased intraocular pressure, 
field changes and optic neuropathy is a second major 
cause of permanent blindness in the world and accounts 
for 7-8 million bilaterally blind people2. 
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In the circumstances cited above, the current study is 
principally aimed at established relationship between the 
intraocular pressure and the blood pressure in different 
age groups with a special emphasis to find out the 
relationship of Intraocular Pressure with varying Blood 
Pressure and to determine the relationship of Intraocular 
Pressure with increasing age.

MATERIALS AND METHOD

The current prospective study was carried out 
at Departments of Physiology and Ophthalmology, 
Government Medical College and General Hospital, 
Anantapuramu, Andhra Pradesh from January’2015 
to December 2015 after obtaining clearance form 
institutional ethics committee. 

The sample size of present study is 150, which 
includes both females 75 (50%) and males 75 
(50%) between the age groups of 31-60 years. The 
inclusion criteria were persons above 30 years of age, 
hypertensives who are not under treatment and exclusion 
criteria included hypertensives on treatment, persons 
below 30years and above 60 years of age, subjects 
suffering with glaucoma, subjects who are blind and 
people suffering from systemic diseases.

Intra ocular pressure is recorded in both eyes using 
Schiotz’s tonometer and blood pressure was recorded 
using sphygmomanometer as per standard recording 
protocols. Intraocular pressure is estimated using 
Friedenwald nomogram. Blood pressure was measured 
and classified as per the Seventh Report of the Joint 
National Committee. Subsequently pulse pressure (P.P) 
and Mean Arterial Pressure(MAP) values were deduced 
from the blood pressure recordings using standard 
formulae.

The data obtained from the study is recorded in a 
pretested proforma and was analyzed using appropriate 
statistical methods.

OBSERVATIONS AND DISCUSSION

Intra Ocular Pressure(IOP) is an inherited3,4 

biological parameter which is inter related with other 
systemic parameters like age, sex, height, weight and 
Blood Pressure. Correlates of Intra Ocular Pressure(IOP) 
measurement may need to be considered in investigating 
determinants of it. Relationship   between   systemic   
parameters (example: Age, Sex, BP,) emphasize the 
physiologic interdependence of the eye with other organ 
systems. 

Age and Intraocular pressure: It is observed from 
Table No.1 that the Mean IOP in men of the age group 31-
40 years was 13.3±1.7 mmHg, between 41-50 years was 
14.5±1.9mmHg and 51-60 years was 16.2±2.2mmHg 
and in the mean IOP females (Table No.2) between age 
group 31-40 years was 13.5±2mmHg, 41-50 years was 
14.7±1.8mmHg and 51-60 years was 16.7±2.3mmHg. 
Mean IOP increased with age both in males and females. 
In both the sexes it is clear that the mean raise of 
intraocular pressure is statistically significant (p value 
<0.0001) with the progression of age.

The present study is correlating with that of “The 
Beaver Dam Study” (1988-90) done by Klein BE & 
Klein R5 and Qureshi (1997)6. However, the studies 
conducted by Carel RS7 et.al and Mc Leod et.al 8 stated 
contrary to the finding.

The possible reason for increased IOP with age 
might be due to structural changes in trabecular mesh 
work and schlemm’s canal which will reduce the out-
flow facility of aqueous humor.

Table-1: Variation of IOP with Age in Men

Sex Age in 
Years

No of 
subjects

Intraocular Pressure(mmHg)
F value P value

Mean S. D Minimum Maximum

Men

31-40 25 13.268 1.7425 11.2 17.3

13.581 < 0.000141-50 25 14.544 1.9177 11.2 18.9

51-60 25 16.16 2.2104 11.2 18.9
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Table-2 Variation of IOP with Age in Women

Sex Age in 
Years

No of 
subjects

Intraocular Pressure(mmHg)
F value P value

Mean S. D Minimum Maximum

Women

31-40 25 13.484 1.9928 11.2 17.3

15.464 < 0.000141-50 25 14.728 1.7983 12.2 18.9

51-60 25 16.66 2.284 12.2 20.6

Gender and IOP: On perusal of Table No.3, it is evident that the mean Intraocular pressure in females (15±2.4) is 
higher than in males (14.7±2.3 mmHg). However, these findings are not statistically significant (p value-0.4334326). 
Similar findings are noted in the studies conducted by Klein BE et. al 5 and David R et.al3. Menopausal changes are 
one of the possible reasons for ocular hypertension in females as suggested by some authors 6.

Table-3 Comparison of IOP Between Male and Female

Sex Number of 
subjects

Intraocular Pressure

Mean S.D Minimum Maximum

Male 75 14.6573 2.2762 11.2 18.9

Female 75 14.9573 2.3998 11.2 20.6

t value 0.7854718711

P value 0.4334326   Not Significant 

Systolic Blood Pressure and IOP: Table No.4 
indicate that Subjects who were having systolic BP 
less than 120mmHg had mean IOP of13.5±1.9mmHg, 
between 120-139mmHg had mean IOP of 
14.9±2.2mmHg and subjects between 140-160mmHg 
mean IOP of 16.3±2.1mmHg. An increase in mean IOP 
values are observed with increasing Systolic B.P. Values 
are statistically highly significant (p<0.0001). Leske M 
C, Wu Sy etal9 and Bulpitt C. J10 have found out similar 
findings in their studies.

One of the explanation provided for the strong 
relation between IOP and hypertension is that IOP may 

be thought of as a physiological equilibrium state in 
response to high BP, a relationship that does not exists in 
glaucoma and may involve a compromised vascular auto 
regulation mechanism resulting as a damage to the small 
vessels of the optic disc and mechanical strain on the 
optic nerve as it passes through the lamina cribrosa.  The 
other possible mechanism is Increased ultra-filtration of 
aqueous fluid owing to increased perfusion at the level 
of ciliary body. The hypertension also decreases the out 
flow of aqueous humor by increasing episcleral venous 
pressure. Increased retinal blood volume due to raise 
in central venous pressure owing to increased blood 
pressure in the adjacently situated central retinal artery.

Table-4:  Variation of IOP With Systolic BP

Systolic Blood Pressure Number of 
Subjects

Intraocular Pressure(mmHg)

(mm hg) Mean S.D Min. Max.

<120 50 13.494 1.89159 11.2 18.9

120-139 59 14.8881 2.24323 11.2 20.6

140-160 41 16.2926 2.0537 12.2 20.6

F value 20.46821552

P value < 0.000001 Significant
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Diastolic Blood pressure and Intraocular Pressure: Subjects who were having diastolic blood pressure of less 
than 80mmHg had mean IOP of 13.7±2.1mmHg, between 80-90 had mean IOP of 15.3±2.2mmHg and 90-100 had 
mean IOP of 16.5±1.9mmHg. the statistical values are highly significant and were depicted in Table No.5. Similar 
results are put forwarded by Jong Soo Lee et. al11. 

Table-5:  Variation of IOP with Diastolic BP

Diastolic Blood 
Pressure Number of Subjects

Intraocular Pressure(mmHg)

(mm hg) Mean S. D Min. Max.
<80 59 13.6694 2.0584 11.2 20.6
80-90 70 15.2685 2.243 11.2 20.6
91-100 21 16.4666 1.8837 13.4 18.9
F value 16.50713579
P value < 0.000001 Significant

Pulse pressure and IOP: It can be inferred from Table No. 6 that Subjects who were having pulse pressure 
between 31-44 had mean IOP of 13.8±2mmHg between 45-58 had mean IOP of 15.9±2.2mm Hg and 59-72 had mean 
IOP of 15.5±2.4mmHg. increase in intraocular pressure is directly proportional to increase in pulse pressure. These 
values are statistically significant.

Table-6:  Variation of IOP with Pulse Pressure

Pulse Pressure
(mm Hg) Number of Subjects

Intraocular Pressure(mmHg)

Mean S. D Min. Max.

30-44 77 13.8247 1.99803 11.2 18.9

45-58 61 15.9115 2.20817 11.2 20.6

59-72 12 15.5 2.38441 11.2 18.9

F value 17.24215757

P value < 0.000001 Significant

Mean Arterial Pressure and IOP: It can be derived from Table No.7 that Subjects who were having MAP of 
≥80 mmHg had mean IOP of 13.0±1.4mmHg, between 80.1-95 mmHg had mean IOP of 13.7±1.9mmHg, between 
95.1-110 mmHg had mean IOP of 15.6±2.4mmHg and MAP of>110 mmHg had mean IOP of 16.6±1.8mmHg. An 
increase in mean IOP. values are observed with increasing MAP. Values are highly significant.

Table-7:  Variation of IOP with Mean Arterial Pressure

MAP (mm Hg) Number of subjects
Intraocular Pressure(mmHg)

Mean S. D Min. Max.

≥ 80.0 3 13.000 1.3856 12.2 14.6

80.1-95.0 68 13.7191 1.8865 11.2 17.3

95.1-110.0 62 15.6064 2.3502 11.2 20.6

< 110 17 16.5647 1.7905 13.4 18.9

F value 14.07919977

P value < 0.000001 Significant
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CONCLUSION

The results of this study indicated that IOP 
increased with age in both sexes and it higher in women 
than men. It can also be emphasized blood pressure 
positively correlated with the intraocular pressure. 
Hence, prediction of increased IOP can be anticipated 
depending upon simple systemic parameters like age, 
sex and blood pressure. Early diagnosis of increased IOP 
can prevent complications and in turn reduces morbidity 
of glaucoma.

Based on our study we recommend that IOP 
estimation should be made as a routine health checkup 
in everyone, because of the availability of effective 
screening tests. Measurement of IOP estimation is 
mandatory in individual especially in females over 40 
years of age, whose systemic blood pressure values are 
high.
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ABSTRACT

Background: Low levels of cardiovascular fitness and unfavorable cardiovascular risk profiles are detected 
in the young population. Clinical studies have recognized a strong association between low cardio respiratory 
fitness and mortality.  Cardio respiratory fitness can be best assessed by measuring aerobic capacity or maximal 
oxygen consumption. Body composition factors like fat percentage and lean body mass have close relationship 
with cardiorespiratory fitness. Researchers have tried correlating BMI, body fat and fat free mass with VO2 max 
and have reported conflicting results. Therefore, our aim was to  investigate the relation between BMI, Body fat 
percentage and VO2Max in overweight and obese young adults.

Method: Volunteers (n=62) in the age group of 19-30 years of age with BMI ≥ 25kg/m2 were included in the 
study. Height, weight were measured and BMI calculated using  Quetelet index, Skin fold measurements were 
taken and fat percent, lean body mass were derived using standard equations. VO2 max was estimated according 
to Bruce protocol. 

Results The relation between BMI, Fat percent and lean body mass was done using Karl Pearson’s correlation. 
There was an inverse correlation between BMI (p<0.001) and a positive correlation between LBM and VO2 max 
(p<0.001). Fat percent showed a negative correlation but was not statistically significant (p=0.14). 

Conclusion: The important determinant of cardiorespiratory fitness is BMI and Lean body mass. To attain a 
worthy cardiorespiratory fitness level in overweight and obese individuals’ any physical activity should target an 
increase in lean body mass and a reduction in fat percent. 

Keywords: Body mass index, Maximum oxygen consumption, obese individuals, VO2 max. 

INTRODUCTION

The global epidemic of overweight and obesity 
–‘globesity’ is emerging as a public health problem 
in many parts of the world1. Changing lifestyle and 
faulty food habits are adding to this epidemic of global 
obesity. Almost 30-65% of adult urban Indians are either 
overweight or obese or have abdominal obesity. 2   It is 
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associated with an increased risk of developing various 
non-communicable diseases including hypertension, 
coronary heart disease, diabetes, stroke and some 
forms of cancers.. The leading cause for mortality 
and morbidity worldwide are cardiovascular diseases.  
Recently, cardiovascular ailments are increasing in 
the younger generation. Low levels of cardiovascular 
fitness and unfavorable cardiovascular risk profiles are 
detected in them. It has evolved as an important factor 
for developing cardiovascular comorbidities later in 
middle age. 3 Numerous clinical studies have recognized 
a strong association between low cardio respiratory 
fitness and mortality 4, 5. Cardio respiratory fitness 
can be best assessed by measuring aerobic capacity or 
maximal oxygen consumption (VO2 max).  Aerobic 
capacity is an integral functional capacity of all systems 
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involved in supply, transportation and energetic oxygen 
transformation 6 Body composition factors like BMI, fat 
percentage and lean body mass have close relationship 
with cardiorespiratory fitness.

Researchers have tried correlating BMI, body fat, 
fat free mass and VO2 max and have found conflicting 
results. Therefore, we aimed at investigating the relation 
between BMI, Body fat percentage and VO2max in 
overweight and obese young adults. 

METHOD

This was a cross sectional study done at Indira 
Gandhi medical college hospital, Puducherry, in the 
department of Physiology, after obtaining institute 
ethical committee clearance. Volunteers in the age 
group of 19-30 years of age with BMI ≥ 25kg/m2 were 
included in the study. Written informed consent were 
taken.  Individuals with history of cardiac disease, lung 
disorders, smokers, on medication for chronic ailments 
were excluded from the study.  All procedures followed 
were according to revised Helsinki Declaration of 2000. 

Sixty two overweight/ obese individuals, staffs of our 
college and relatives of patients attending various out-
patient departments, who volunteered for the study and 
satisfied the inclusion criteria, were selected.  Complete 
clinical examination, ECG and echocardiogram were 
taken. The weight was taken on a weighing scale 
with standard minimum clothing to the nearest 0.5kg. 
Height was measured on a vertical scale with the heel, 
buttocks and occiput against the wall and the head in the 
Frankfurt plane to the nearest 0.5cm. Body mass index 
(BMI) was calculated by Quetelet Index 7, the formula 
BMI= (weight in kg)/ (height in mts) 2

Measurement of body composition:

Skin fold measurements were taken from various 
sites including biceps, triceps, scapular, abdominal, 
suprailiac, thigh and medial calf sites according 
to standard procedures using skin fold caliper. All 
skinfolds were measured to the nearest 1 mm. Mean of 3 
readings was recorded at all the sites. All measurements 
were taken by the same investigator.  Durnin’s age 
specific equations (1974) was adopted to calculate body 
density that was further used in Siri’s equation (1961) 
to determine the total body fat.  Fat percentage, fat 
mass, lean body mass 8 were derived using standardized 
equations 9. Maximal oxygen consumption (VO2max) 

was estimated using Bruce treadmill test.  It is a reliable 
and widely used method for estimation of VO2 max 
using predicted equations 10

For Men VO2max = 14.76 – (1.379×T) + (0.451×T2) 
– (0.012×T3) 

For Women VO2max = 4.38 x T - 3.9. 

All data were entered and analyzed using SPSS 
software version 19.  The relation between BMI, fat 
percent and fat free mass or lean body mass with 
maximal oxygen consumption was done using Karl 
Pearson’s correlation. The level of significance was 
considered statistically significant if p < 0.05.

RESULTS 

62 obese individuals with mean BMI 28.62 ± 2.54 
in the age group of 19 - 30 years of age volunteered 
to participate in the study. Descriptive statistics of the 
study population is shown in table 1. Correlation values 
and significance between BMI, Fat percent, Lean Body 
mass and VO2max is given in table 2. Though there was 
an inverse correlation between fat percent and VO2 max 
it was not statistically significant. There was an inverse 
correlation between BMI and VO2 max as depicted in 
Fig 1  with an r value of  - 0.84 (p<0.0001). The relation 
between Lean body mass and VO2 max is depicted in 
Fig 2 which shows a significant positive correlation with 
an r value of 0.9 and (p value <0.0001). 

DISCUSSION

In India, the prevalence of overweight and obesity 
are increasing in children and young adults which are 
reflected in various studies 11.  Obesity is a modifiable 
risk factor of cardiorespiratory disease. It is therefore, 
important to maintain a fit cardiorespiratory profile. 
Cardiorespiratory fitness is a health-related component 
of physical fitness defined as the ability of the circulatory 
and respiratory systems to supply oxygen during 
sustained physical activity. The single valid method 
to assess cardiorespiratory fitness is by estimating 
VO2 max.12 Though obesity and aerobic capacity are 
independent prognostic markers of cardiovascular 
mortality, the stronger predictor appears to be aerobic 
capacity. Thus it is beneficial to target aerobic capacity 
before weight loss, although improvement in both risk 
factors seems to be ideal. 13

Chatterjee et al 14 in their study assessing 
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cardiorespiratory fitness of obese boys compared obese 
with non-obese boys and reported  significantly higher  
absolute VO2max among obese boys, reasoning it be  
because of higher values of body mass and LBM, which 
in turn exhibited significant positive correlation with 
VO2max (l/min) (r = 0.82, P<0.001, r = 0.93, P<0.001 
respectively whereas, Researchers 15, 16 have observed 
a  significant inverse correlation between BMI, percent 
body fat and VO2 max. 

Huttunen et al 17 who reported  that obese children 
were physically less fit than normal weight children 
as judged by pedaling time and maximum oxygen 
consumption related to lean body mass (p<0.001). Thus 
there is a dearth of clarity regarding the relation between 
VO2max and body mass. Therefore, our study assessed 
VO2 max in relation to body mass index and found a 
significant inverse correlation. This relationship gives 
a misleading impression that heavier persons have a 
relatively lower oxygen uptake and hence low aerobic 
capacity 18. In fact Nevil et al 19 reported that lighter 
persons were more likely to be placed in a low VO2 max 
category. In order to have a definite result, we aimed 
at finding a correlation between fat percent, lean body 
mass with VO2 max. Our results indicate that there 
was a significant positive correlation with lean body 
mass. Fat percent had a negative correlation but was not 
statistically significant. 

Goran et al 20 examined the influence of body weight 
and body composition (FM vs FFM) on aerobic fitness. 
The results of this study indicated that the maximal 
oxygen consumption of fat-free tissue is independent of 
body fat mass. FM does not have any effect on VO2max. 
, these findings suggest that obese individuals do not 
have lower maximal aerobic capacity of their FFM 
compared with lean individuals or impaired cardio-
respiratory and pulmonary responses to exercise. Thus 
inferring, VO2 max may be normal even in individuals 
with higher BMI. 

Since aerobic capacity is body weight dependent, 
the overweight and obese individuals require a greater 
proportion of their aerobic capacity to conduct weight-
bearing physical activities. Thus, these obese individuals 
are more likely to find it physiologically difficult to 
participate in physical activities that require movement 
of their increased body mass. 21

The reduction in the physical activity affects body 

composition factors like body fat percentage, and body 
muscle mass. With decrease in body fatness, there is 
increase in aerobic fitness. Researchers 22 have also 
established low VO2max in obese groups and suggested 
that excessive fat mass imposes unfavorable burden on 
cardiac function and oxygen uptake by working muscles 
and indicated that reduced oxygen utilization by adipose 
tissue during exercise reduces overall VO2max.  Also 
in obese individuals there is increase in type II muscle 
fibers and decrease in type I muscle fibers which may 
have important effect on reduced oxygen uptake 9 

Ulf et al 23 in their study comparing oxygen uptake 
adjusting for body composition between obese and 
normal weight adolescents, reported a significant partial 
correlations for the VO2max and FFM relationship 
after controlling for FM in both groups. Hence it 
was considered as the important determinant of VO2 
max and dividing VO2 max by FFM seemed to be an 
appropriate procedure when comparing groups who 
differ in body size.  Since our results found a positive 
correlation between VO2 max and lean body mass it 
augments to the observations that lean body mass must 
be taken into consideration when estimating VO2 max 
as a measure of cardio respiratory fitness.

RESULTS 

Table 1: Descriptive statistics of the study 
population

Variables Mean ± SD

Age (years) 23.32 ± 6.05

BMI (Kg/m2) 28.62 ± 2.54

Weight (Kg) 78.53 ± 9.17

Height (cm) 163.30 ± 8.32

Lean body mass (Kg) 50.879± 5.54

Fat% 34.16± 2.31

VO2 Max (ml/min/Kg) 42.80± 2.35

Table 2: Correlation between BMI, LBM, Fat% 
and VO2 max

Parameters Correlation 
coefficient (r) Significance (p)

BMI* -0.84 <0.0001

Lean body mass* 0.90 <0.0001

Fat % -0.19 0.14

*p<0.01 significance
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Fig 1 correlation between BMI and VO2 max

Fig 2: Correlation between Lean Body mass and VO2 max

CONCLUSION

Our results found a significant positive correlation 
between lean body mass and an inverse correlation 
between BMI (p<0.05), fat percent (p = 0.14) with 
VO2max. It appears that people with higher BMI have 
relatively low O2uptake. It is also evident that, lean body 
mass has to be considered as an important determinant 
while estimating VO2 max. Moreover, any physical 
activity for improving cardiorespiratory fitness should 
target on improving lean body mass and a decrease in 
fat mass. 
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ABSTRACT

Hyperthyroidism is a common endocrinological disorder due to excessive levels of T4 and T3 affecting primarily 
muscle function and the central nervous system. It is associated with neuropsychiatric and neurologic syndromes 
and myopathy. To evaluate neuromuscular dysfunction in newly diagnosed hyperthyroid patients, nerve 
conduction studies were done. A significant reduction in peroneal nerve motor amplitude was observed with P 
value of 0.05.In  sural nerve sensory conduction study, the latency and conduction velocity showed significant 
difference from control group. The H reflex study was also done but it did not show any difference from control 
group. In contrast to the previous studies we found in our study that sensory motor axonalneuropathy also 
occurs in hyperthyroid patients. As a conclusion electrophysiological studies can be useful in the diagnosis of 
asymptomatic polyneuropathy in hyperthyroid patients.
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INTRODUCTION

Hyperthyroidism results from excessive levels of 
T4 and T3. Hyperthyroidism manifests systemically 
affecting primarily muscle function and the central 
nervous system. . Causes of hyperthyroidism includes 
Graves’s disease, Toxic multinodular goiter, Toxic 
adenoma, Iodide-induced hyperthyroidism, Subacute 
thyroiditis. It is associated with neuropsychiatric and 
neurologic syndromes and myopathy. The frequency 
and severity of neuromuscular complications vary 
considerably and are probably related to the degree of 
hyperthyroidism. Chronic thyrotoxic myopathy is a 
common complication. This myopathy is characterized 
by progressive weakness and wasting of skeletal 
musculature. More than 50% of thyrotoxic patients 
have some degree of myopathy. The myopathy is slowly 
progressive; the pelvic girdle and thigh muscles are 
affected preferentially.

To evaluate neuromuscular dysfunction in newly 
diagnosed hyperthyroid patients an electro diagnostic 
procedure like EMG and nerve conduction studies can 
be done. The nerve conduction  studies play an important 
role in identifying the patho physiology such as axonal 
or demyelinating peripheral neuropathy.It provides an 
objective and quantitative measure of nerve function and 
it also helps in predicting the prognosis of neuropathy.

A nerve conduction study (NCS) is a test commonly 
used to evaluate the function, especially the ability 
of electrical conduction, of the motor and sensory 
nerves of the human body. Nerve conduction velocity 
(NCV) is a common measurement made during this 
test,  measurements like velocity, amplitude, duration. 
area are also available which plays important role in 
making axonal type of neuropathy.NCS are used mainly 
for evaluation of paresthesias. The NCS consists of the 
following components such as Motor NCS,Sensory 
NCS,F-wave study, H-reflex study. 

In thyrotoxic subjects motor responsiveness was 
significantly enhanced but sensory thresholds did not 
differ from control values1. The polyneuropathy in 
hyperthyroidism is probably caused by hypermetabolism 
in thyroid hyperfunction2. Electrophysiological 
studies can be useful in the diagnosis of asymptomatic 
polyneuropathy in hyperthyroid patients3. Although 
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the CNS involvement either in hypothyroidism or in 
hyperthyroidism have previously been shown on the 
basis of visual, auditory and somatosensory evoked 
potentials studies, less is known about the function 
of central motor pathways in both disorders4. The 
frequency and severity of neuromuscular complications 
vary considerably and are probably related to the 
degree of hyperthyroidism,although in some patients 
the neuromuscular dysfunction is caused by associated 
disorders rather than by hyperthyroidism per se5.

MATERIALS AND METHOD

     This study was conducted in Neurophysiology 
lab at Stanley medical college,Chennai. The 
study was approved from the Institutional Ethical 
committee,Stanley medical college,Twenty adult 
female patients with normal thyroid profile were taken 
as controls,16 patients of hyperthyroid patients before 
treatment were taken as study group who were attending  
Endocrinology OPD in the hospital. Patients with H/o 
diabetes mellitus, alcoholism, any neuro muscular 
disease, leprosy, drug induced neuropathy, Family H/o 
neuropathy, other serious illness like malignancy & 
HIV infection, Liver and kidney disease, pre-existence 
of myopathy were excluded from the study. All patients 
were studied after getting informed and written consent, 
history taking and examination were performed.

  By using the standard RMS ENMG EP MARK II 
machine NCV recordings were done by using standard 
procedures. The latency, amplitude, duration, area and 
velocity of motor and sensory nerves were studied. 
The motor nerve conduction velocity (MNCV) and F 
wave latency of Median and Peroneal nerves and the 
sensory nerve conduction velocity (SNCV) of median 
and sural nerves were studied.  All studies were done 
on left side but H-REFLEX  was done bilaterally for 
all patients. The study was done with careful distance 
measurements, recording of well-defined artifact free 
responses, appropriate placement of surface electrodes 
and careful application of nerve stimulus.

Motor Nerve Conduction Study: Motor NCS 
performed by electrical stimulation of a peripheral nerve 
and recording from a muscle supplied by this nerve, 
characterized by its latency, amplitude, duration, area 
and conduction velocity. Latency in milliseconds(ms) is 
the time from the onset of stimulus to the point of take 
off from baseline, is an index of speed of impulse travel6. 

Size of the response called amplitude (in mV), measured 
from the baseline to the top   of the motor response.  
Conduction velocity (in M/s) reflects the fastest motor 
axons7.

CV (M/s) = Distance (mm) / Latency prox – Latency 
distal (ms)

Duration in ms signifies the onset of peak to the 
peak, while the area denotes the product of amplitude 
and duration and expressed in mVms. Both parameters 
reflects the density of nerve fibres conducting the 
impulse. 

Sensory Nerve Conduction Study: SNAP(Sensory 
nerve action potential) is obtained by directly stimulating 
a sensory nerve  and  recording directly from it or its 
branches. Here too, latency, amplitude, duration, area, 
conduction velocity were calculated. The interpretation 
of Nerve conduction studies is complex. There may be 
generalized or focal peripheral neuropathy evident from 
the nerve affected and changes in latencies, amplitude 
and conduction velocity7.

F-Wave Response: It evaluates the conduction 
velocity of nerves between the limb and spinal cord. 
By keeping the recording and reference electrodes in 
the same position, a supramaximal stimulus was given 
at distal point of stimulus antidromically. An average 
of 15 waves were studied. From the F wave responses 
displayed, F minimal latency was measured by adjusting 
the marker provided in the system. It is a late response 
long latency muscle action potential after motor response 
(M wave) following a mixed nerve supramaximal 
stimulation. 10- 20 F waves were obtained, of which 
shortest latency F wave are used 6.

The H-reflex (“H”OFFMAN-REFLEX STUDY): 
Subjects were asked to lie in prone position with leg 
and thigh firmly supported and feet to hang freely with 
dorsum at right angle to tibia. The recording electrode 
was placed at the distal edge of calf muscle and the 
reference electrode 3cms distal to it or on Achilles 
tendon. Ground electrode was placed between stimulus 
point and recording electrode. Stimulation was given 
at midpoint of popliteal crease where large sensory 
nerve fibres of Tibial nerve were stimulated. This study 
contains a sensory and a motor branch. The H-reflex is 
a monosynaptic reflex studied only with a submaximal 
stimulus and is abolished by supramaximal stimulation. 
H reflexes remain constant in response to repetitive 
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stimuli because it occurs from activating the same motor 
neuron pool. Minimum of 5 H responses were recorded 
and studied. On increasing the strength of the stimulus, 
the H response amplitude decreased, simultaneously 
M response amplitude increased. From the responses 
obtained, the latency of H REFLEX and its amplitude 
were obtained. This study was done bilaterally for 
all subjects.  In contrast F-waves represent recurrent 
discharges from different groups of motor neurons with 
different conduction characteristics8.

RESULTS

One way ANOVA  F-test and multiple comparisor 
by Bonferroni t-test were used to compare the means 

between groups. P values <0.05 were considered 
significant.  In addition, Pearsons correlation co-efficient 
test were used to correlate T4, TSH and BMI on motor 
and sensory nerve conduction studies.   

 1. MOTOR NERVE CONDUCTION-In this mean 
value of median nerve conduction velocity, peroneal 
nerve conduction velocity and peroneal nerve amplitude 
in both the control group as well as the study group 
were studied. A significant reduction in peroneal nerve 
motor amplitude was observed with P value of 0.05. The 
F response latency or minimal latency (F mini) of both 
median and peroneal nerve were 24.33 (SD 2.38) and 
42.5 (SD 5.33). The results did not show significant 
difference from control group.

  Table 1: Comparison of Motor Nerve Conduction Between Hyperthyroid And Control Females

MOTOR NERVE STUDY CONTROL STUDY GROUP P-VALUE

MEDIAN NERVE (CV) 57.81(SD5.63) 58.42(SD7.03)

PERONEAL NERVE(CV) 49.25(SD2.85) 47.37(SD5.86)

PERONEAL NERVE
     AMPLITUDE 4.48(SD2.06) 2.7(SD1.85) 0.05

 F-RESPONSE (F-MINI)

MEDIAN NERVE 24.9(SD2.01) 24.33(SD2.38)

PERONEAL NERVE 42.5(SD3.36) 42.5(SD5.33)

2.   SENSORY NERVE CONDUCTION: In sensory nerve conduction study the mean value of median nerve 
action potential area in control group was 22.9 (SD 20.1) whereas in hyperthyroid was 11.98 (SD 11.93) with P value 
< 0.02.  

Table 2: Comparison of Median Nerve Action Potential  Between Hyperthyroid And Control Females

MEDIAN SENSORY STUDY CONTROL GROUP STUDY GROUP

AREA 22.9(SD20.1) 11.98(SD11.93)

CONDUCTION VELOCITY 54.43(SD7.16) 52.25(SD8.78)

In sural nerve sensory conduction study, the latency and conduction velocity showed significant difference from 
control group. The mean value of sural nerve latency when compared with study group was significant with P value 
of 0.004. We got a significant P value of 0.001 while comparing the mean value of sural  nerve conduction velocity  
in hyperthyroid. The amplitude and area of sural nerve action potential were also reduced in 9 out of 16 patients. The 
mean value of amplitude, duration and area were also observed in study group. 
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3. The H reflex study was also done but did not 
show much difference from control group.

4. Pearsons correlationwas done between BMI and 
Sural Nerve Amplitude in New hyper thyroid patients 
and found to be positive which is shown below in Fig1.

Fig1:Shows the positive correlation between BMI and Sural 
Nerve Amplitude in New hyper thyroid

DISCUSSION

This prospective cohort study shows that the 
prevalence of neuromuscular disorders in thyroid 
dysfunction varies between 20% to 80% as per the 
literature (3,9). Our data suggests that a high prevalence 
of neuromuscular symptoms in thyroid dysfunction 
is due to a late diagnosis.The findings of motor nerve 
conduction studies in median and peroneal nerve were 
within normal range in hyperthyroid patients. But a 
decrease in motor nerve conduction was observed in 
previous studies(10,11). A normal F response was seen in 
our study group.

In our study decrease in amplitude of peroneal nerve 
CMAP reveals myopathic changes in new hyperthyroid 
group. Decrease in latency, amplitude and conduction 
velocity of sural nerve which was observed in our study 
may be due to sensory axonal neuropathy. Our findings 
were consistent with previous studies12.

Table 3: Comparison of Sural Nerve Conduction Between Hyperthyroid And Control Females

SURAL NERVE STUDY CONTROL GROUP STUDY GROUP P-VALUE

LATENCY 2.45(0.25) 3.46(SD1.01) 0.004

AMPLITUDE 7.725(SD3.29) 4.53(SD2.26) 0.002

DURATION 2.32(SD0.62) 3.22(SD2.5) 0.05

AREA 16.42(SD7.5) 7.89(SD4.46) 0.001

CONDUCTION VELOCITY 52.7(SD5.76) 43.45(SD8.03) 0.001

Electrophysiogically the neuropathies in 
hyperthyroid groups seen are predominantly sensory. 
Even when motor nerve conduction velocity is still within 
normal range, the sensory nerve action potential may be 
reduced at early phase of disease. Our findings suggest 
the presence of initial axonal type of polyneuropathy. 
The polyneuropathy in hyperthyroid is probably caused 
by hypermetabolism in thyroid hyperfunction.

CONCLUSION

The neuromuscular signs and symptoms may 
occur in newly diagnosed patients with thyroid 
disease. Sensory motor neuropathy which commonly 
occurs in hypothyroid patients was also observed 
in our study. These neuronal changes which was 
observed in our study (newly diagnosed hyperthyroid) 
should be taken into account in clinical practice. As a 
conclusion electrophysiological studies can be useful 
in the diagnosis of asymptomatic polyneuropathy in 
hyperthyroid patients.
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ABSTRACT

BACKGROUND: In India there is a need to reduce the cardiovascular morbidity due to diabetes in predisposed 
individuals as diabetes is fast gaining the status of a potential epidemic with more than 62 million diabetic 
individuals currently diagnosed with the disease (1,2) So we aimed to correlate BMI and systolic blood pressure 
with arterial stiffness  among the normoglycemic offspring of type 2 diabetic parents. Noninvasive method of 
measuring arterial stiffness can be applied to assess the elasticity of the vessel wall and reduce the cardiovascular 
morbidity. STUDY DESIGN: Cross sectional observational study. MATERIALS AND METHOD:  SUBJECTS   
n= 100 males, Age group 35-45 years. All participants had a sedentary life style, blood pressure and glycemic 
status were measured . Subjects with history of peripheral vascular disease, smokers and any other illness that 
affects arterial compliance were excluded. Arterial stiffness was assessed from Augmentation index (AI) and 
stiffness index (SI). AI and SI was measured using IR1 model digital finger tip photo pulse plethysmograph. 
RESULTS: Mean age = 37 ±2 years, Mean BMI = 25± 3, Mean  SBP = 124± 4, Mean Stiffness index = 7.4 
±1.4 m/s, Mean Augmentation index= 48 ±2.8 %.Pearson correlation was applied BMI  correlated positively 
with both augmentation index and stiffness index with r value is +0.215 and + 0.406 respectively. Systolic blood 
pressure(SBP)  correlated positively with both augmentation index and stiffness index with r value is +0.391 
and + 0.597 respectively. CONCLUSION: We conclude that  increase in arterial wall stiffness was observed 
with increase in BMI and systolic blood pressure which might be the consequences of metabolic regulation, 
inflammatory pathways and other mechanisms. 

Keywords: BMI, SBP, Augmentation Index, Stiffness Index.
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INTRODUCTION

Obesity, increased blood pressure and arterial wall 
stiffness are independent predictors of cardiovascular 
diseases with high prevalence among first degree 
relatives(3,4)of diabetic subjects. Cardiovascular diseases 
are the most common cause of disability and death among 
subjects with non–insulin- dependent diabetes mellitus (5). 
The atherosclerotic process begins during the prediabetic 
phase characterized by impaired glucose tolerance, 
hyperinsulinemia,and insulin resistance. Studies have 
suggested that glucose and insulin can substantially alter 
the structure and function of the arterial wall and affect 

the development of atherosclerosis (6). These alterations 
are not late consequences of the disease, because recent 
studies have shown that arterial distensibility and wall 
thickness are altered also in subjects with glucose 
intolerance who do not have but are predisposed to 
diabetes (7,8) . Arterial stiffening is a natural consequence 
of aging, but a number of disease states have been shown 
to contribute to arterial stiffening, such as hypertension, 
chronic kidney disease (CKD), obesity, and diabetes (9).

Recording of peripheral pulse wave and digital volume 
pulse is a reliable index  to assess stiffness index which 
can reflect large artery stiffness. Reflection index can 
assess medium and small artery stiffness (7).

AIM

To correlate BMI and systolic blood pressure with 
arterial stiffness among normoglycemic middle aged 
offspring of diabetic parents.
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STUDY DESIGN: Observational/cross sectional 
study.

MATERIALS AND METHOD

All participants gave a written informed consent 
to participate in this study. Information details about 
sociodemographic characteristics, disease history, 
family history, alcohol consumption, cigarette smoking, 
drug intake and occupational history were obtained by a 
structured questionnaire. All participants had a sedentary 
lifestyle. Institutional ethical committee clearance was 
obtained

SUBJECTS

 Inclusion criteria: 100 healthy volunteers 
normoglycemic  males with  paternal or maternal history 
of diabetes, Age= 35- 45 yrs, Blood pressure = < 140/90 
mmHg, Fasting blood sugar = 90-100 mg/dl. 

Exclusion Criteria: Subjects with history of 
peripheral vascular disease , smokers, and any other 
illness that affects arterial compliance , Anthropometric 
measurements were taken.

 Height was measured using stadiometer and weight 
was measured using precalibrated weighing machine. 
Quetlet’s index was used to calculate Body mass index 
(weight/height in m2).Blood pressure was measured 
using a standard mercury sphygmomanometer. Fasting 
blood glucose was measured to rule out diabetic 
mellitus.

Recording of digital volume pulse (DVP): Digital 
volume pulse was recorded by in house built instrument 
IR1 model digital finger photoplethysmography (11). The 
signal from the instrument placed on the right index finger 
was digitalized by digital converter with a frequency of 
100 Hz which was connected to the computer. DVP was 
analyzed by software virtual oscilloscope.

Digital volume pulse contains 2 peaks: 

1. Systolic peak.

2. Diastolic peak.

Initially Systolic peak is formed by pulse wave 
transmitted from the left ventricle to the finger 
directly.(10) Second peak or diastolic peak arises from 
pulse wave transmitted along the aorta to the small 
arteries in the lower body, from where they are again 

reflected along the aorta as a reflected wave(11). This path 
length is proportional to the subject’s height (h). Pulse 
transit time (PTT or ΔT) is the time interval between 
systolic peak and diastolic peak. It was measured by 
software image tool. Magnitude of systolic and diastolic 
peak were also measured .Stiffness index is based on the 
subjects height (12).

Stiffness index and Reflective index were calculated 
by the following formulas.

Stiffness index (SIDVP) = Subject’s height (h).

Pulse transit time (ΔT).

Augmentation index (AI) =  Magnitude of diastolic 
peak (b) × 100.

 Magnitude of systolic peak (a).

RESULT

Statistical analysis was done Using SPSS Software 
version 16.0. The descriptive statistics of Age, BMI, 
Blood sugar, Systolic blood pressure, Diastolic blood 
pressure are  mentioned in table 1.

Pearson correlation was applied. Correlation 
between BMI  with stiffness index and augmentation  
index was analyzed among study group and it showed 
a positive correlation with r value is +.406  and +.215 
respectively  .Systolic blood pressure showed positive 
correlation with stiffness index and augmentation  index 
with r value is +.579 and +.391 respectively (Table 2).

DISCUSSION

Our study showed a positive correlation of BMI and 
systolic blood pressure with stiffness index and reflective 
index. Indicating increased body weight and  systolic 
blood pressure affects the vessel wall compliance 
in predisposed individuals.Obesity  as measured by 
BMI(13) is the risk factors for diabetes mellitus and 
cardiovascular disease, such as ischemic heart disease 
and stroke (13,14). Conversely, rapid weight gain with 
visceral fat accumulation appears to be associated with 
the development of arterial stiffening, although this may 
in part be attributable to rises in blood pressure (15). Blood 
pressure plays a significant role in determining vessel 
wall structure, with remodeling occurring to compensate 
for changes in wall stress (16).Aortic pulse wave velocity 
(PWV) is associated with endothelial dysfunction in 
patients with isolated systolic hypertension, a condition 
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resulting from large artery stiffening (17). The finding 
that the normoglycemic healthy offspring of patients 
with type II diabetes mellitus have decreased arterial 
distensibility and greater pulse pressure also suggests that 
arterial stiffening may occur at an early stage,(18) despite 
apparently normal arterial structure. Arterial stiffness 
appears to be affected by the presence of increasing 
numbers of components of the metabolic syndrome,(19) 
although the mechanisms remain unclear. Potential 
causes include inflammation, dyslipidemia, andoxidative 
stress, although these are rarely taken into accountas 
independent confounding factors. It is also worthwhile 
remembering the confounding nature of blood pressure 
in such studies. Non-invasive measurement of vascular 
wall elasticity can assess functional status of the arteries 
and  early detection of pathologies before the onset of 
clinical symptoms (20,21). Alvarez et al and Abate et al 
stated that after weight loss, the increased stiffness is 
reversed in parallel with reduction of heart rate which 
might be due to neural sympathetic over activity(22,23). In 
addition to hypothalamic receptors, receptors for leptin 
have been observed on the vascular endothelium and on 
smooth muscle cell (24,25). Accordingly, leptin can exert 
receptor-mediated influence on vessel tone and growth 
and, in cell culture, stimulate vascular smooth muscle 
proliferation and migration (26). Peripheral Pulse Pressure, 
central Pulse Pressure and augmentation index, which 
provide additional information on wave reflection, are 
considered “surrogates” of arterial stiffness (27,28,29).

Table -1: Descriptive statistics:

N= 50 Mean ± SD
Age                                     (yrs) 37±2
BMI                                     (kg/m2) 25±3
Stiffness index(SI)             (m/s) 7.5 ±0.9
Augmentation index(AI)    (%) 54 ±2.8
Fasting Blood sugar            (gm/dl) 94 ±3
Systolic blood pressure      (mm Hg) 124±4
Diastolic blood pressure     (mm Hg) 82±3

Table -2: Correlation between BMI, Systolic 
blood pressure(SBP) with stiffness index (SI) and 
Augmentation index(AI).

N=50 Stiffness index               
(SI)(SI)

Augmentation 
index(AI)index(AI)

BMI(kg/m2)
r value .406 .215

SBP (mm Hg)
r value .579 .391

CONCLUSION

Vessel wall compliance as measured by arterial 
stiffness is altered in obese and overweight individual. 
we assessed small and large artery function in our study. 
We conclude that increase in arterial wall stiffness 
was observed with increase in BMI and systolic 
blood pressure which might be the consequences of 
metabolic regulation, inflammatory pathways and other 
mechanisms. 

Implicaion of Study : Our study suggest life style 
modification to the predisposed group like offspring of 
diabetic parent to improve the vessel wall compliance 
prevent further progression to cardiovascular diseases.
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ABSTRACT

Background: The increase in diabetes among the elderly is of concern because in addition to the wide range of 
traditional diabetes complications, evidence has been growing that diabetes is associated with increased risk of 
cognitive decline.

Aims and Objectives: To find out if there is any association between cognitive function and duration of 
diabetes.

Materials and Method:  The study was carried out in 100 individuals aged between 40-65 years consisting of 
100 diagnosed cases of Non Insulin Dependent Diabetes Mellitus and 100 non-diabetics irrespective of duration 
of Diabetes from OPD of Mc Gann Hospital, Shivamogga. Rye’s Auditory Verbal Learning Test, Verbal Fluency 
Test and Working Digit Span Test to assess short-term memory, Visual Reproduction Test and Validation Span 
Test were used to assess working memory. Statistical analysis was done using SPSS 21.

Results: Memory test scores of non insulin diabetics were significantly reduced (p<0.001) when compared to 
the memory scores of age and gender matched non-diabetics. Duration of diabetes was found to have a negative 
correlation with memory scores for all 5 tests: AVLT (r=-0.849 & p<0.001), VFT (r=-0.927, p<0.001), VRT (r=-
0.816, p<0.001), WDST (r=-0.829, p< 0.001) and VST (r=-0.955, p<0.001).Subjects with diabetes for >10 years 
showed greatest cognitive decline.

Conclusion: The decreased memory status in diabetic patients may be due to many factors like hyperglycemia, 
hypoglycemia, vascular disease, insulin resistance, amyloid deposition and also some of the factors combine to 
produce additive effects like, type of diabetes, co-morbidities, age of onset, duration of the disease and type of 
therapy. These observed effects of duration of diabetes on memory status are of potential clinical importance 
because even mild cognitive impairment could interfere with day today activities.
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INTRODUCTION

Memory is the complex function of the brain 
that uses several storage buffers of different capacity 
and duration. Memory function includes registration 
(encoding or acquisition), retention (storage or 
consolidation), stabilization and retrieval (decoding or 
recall).1

Short term memory refers to the function that 
temporarily retains stimuli that have just been perceived 
and lasts for ~20 seconds. Working memory is a short 
term memory system that allows concurrent retention 
and manipulation. It is used for thinking about what are 
already known and deriving conclusions on the basis of 
that knowledge.2

The deleterious effects of diabetes mellitus on the 
retinal, renal, cardiovascular, and peripheral nervous 
systems are widely acknowledged. Less attention has 
been given to the effect of diabetes on cognitive function. 
Neurological consequences of diabetes appear parallel 

DOI Number: 10.5958/2320-608X.2017.00051.8 



to those observed in aging brain. The main hypothesis 
to explain the pathophysiology of cognitive decline 
associated with diabetes involves hyperglycemia, 
hypoglycemia, microvascular injury, insulin resistance, 
hyperinsulinemia, hyperphosphorylation of tau protein 
and amyloid-β2 deposition.3

Hence, this study was done to evaluate the short 
term and working memory in non insulin dependent 
diabetics and compare it with age and gender matched 
non diabetics and also know the effect of duration of the 
diabetes on cognitive function.

MATERIALS AND METHOD

The study was carried out in 200 individuals aged 
between 40-65 years consisting of 100 diagnosed 
cases of Non Insulin Dependent Diabetes Mellitus and 
100 non-diabetics from OPD of Mc Gann Hospital, 
Shivamogga. 

Institutional Ethical Committee clearance was 
obtained. Details of the study protocol were explained to 
the subjects who volunteered for the study and Informed 
consent was taken General information, present 
complaints, history of diabetes and hypertension if 
present, duration and treatment of same, any past illness, 
drug history and family history was noted. Pulse and 
Blood Pressure was recorded. Laboratory investigations 
include Fasting Blood Sugar (FBS), Post-prandial blood 
sugar (PPBS) and Glycosylated Hemoglobin.

Inclusion Criteria For both the groups:

1. Age 40-65 years who have given written 
consent.

2. Educational status: Minimum primary school.

Exclusion Criteria for both the groups:

1. History of any known psychiatric disorders,

2. History of any other known endocrinal 
disorders,

3. History of any sedative/narcotic abuse,

4. History of any other known medical disorders 
causing dementia,

5. History of intake of any drugs known to cause 
dementia.

The following tests were carried out on the subjects 
(study & control) in a relaxed state and privacy was given 
utmost importance: Rye’s Auditory Verbal Learning Test 
(AVLT), Verbal Fluency Test (VFT) and Working Digit 
Span Test(WDST) to assess short-term memory, Visual 
Reproduction Test(VRT)  and Validation Span Test 
(VST) were used to assess working memory. 1, 4

Statistical analysis was done using SPSS software 
version 21.Initially data was tested for normality 
using Kolmogorov-Smirnov Test and Shapirowik Test. 
Since the data doesn’t follow normal distribution, non-
parametric tests were used which include Mann Whitney 
U Test and  Correlation Regression Analysis was done 
using Spearman Rank Correlation.

RESULTS

The memory scores (%) for all 5 memory tests in the 
non insulin dependent diabetic patients were found to be 
decreased and the decrease in the scores were statistically 
significant when compared to normal subjects (P value< 
0.001) by Kruskall Wallis Anova Test.

In this study Diabetic patients were divided into 
3 groups according to their duration of the disease as; 
Group A - Diabetes patients of ≤ 5years duration, Group 
B – Diabetes patients of 6-10years duration and Group C 
– Diabetes patients of >10years duration.

Median and IQR of all the memory test for diabetic 
patients of Group A, B and C are shown in Table 1. The 
median scores of the tests are depicted in Figure. Table 
No.1also shows statistical analysis by Kruskal Wallis 
One Way Anova Test.

1.  Auditory Verbal Learning Test:

The Median memory score of the Group A diabetes 
patients were found to be 56%, Group B - 44% and 
Group C - 28.65%. The pairwise comparisons of AVLT 
memory score were found to be statistically significant. 
(P<0.001).

2. Verbal Fluency Test:   

The Median memory score of the Group A diabetes 
patients were found to be 67.5 % when compared with 
scores of Group B - 48.75% and Group C - 32.5%. The 
pair wise comparisons of VFT memory score were found 
to be statistically significant. (P<0.001).

        38        International Journal of Physiology, January-June 2017, Vol. 5, No. 1     



3. Visual Reproduction test:

The Median memory score of the Group A diabetes 
patients were found to be 94 % when compared with 
scores of Group B - 84% and Group C - 65%. The pair 
wise comparison of VRT memory score was found to be 
statistically significant. (P<0.001). 

4. Working Digit Span Test:

The Median memory score of the Group A diabetes 
patients were found to be 84% when compared with 
scores of Group B - 54% and Group C - 34%. The 
pairwise comparison of WDST memory score was found 
to be statistically significant. (P<0.001).

5. Validation Span Test:

The Median memory score of the Group A diabetes 
patients were found to be 52% when compared with 
scores of Group B - 34% and Group C - 7%. The 
pairwise comparision of VST memory score was found 
to be statistically significant. (P<0.001).

Inter-group Significance by Kruskal Wallis One 
way Anova Test for the memory scores of Diabetics of 
different duration showed a significant p-value of <0.001 
(Table No. 1) during overall comparison as well as pair 
wise comparison between the three groups(Group A, 
Group B and Group C )of Diabetic Subjects of different 
durations.  Group C patients showed a significantly 

reduced score compared to Group A and Group B 
patients, and Group B patients showed a significantly 
reduced score compared to Group A patients for all the 
five memory tests with a significant p-value(p<0.001).

When the duration of the diabetes was correlated 
with the scores of memory tests using Spearman Rank 
Correlation, the following results were found (Table 
no. 2 )A statistically significant correlation was found 
between the duration of the diabetes and scores of 
AVLT (r=-0.849 & p<0.001) indicating that as the 
duration of the disease increased the scores of AVLT 
deceased. VFT scores were found to be decreased with 
the increase of the duration of the disease which was 
statistically significant. (r=-0.927, p<0.001) which has 
negative correlation. Scores of VRT were found to be 
negatively correlated with the duration of the diabetes. 
(r=-0.816, p<0.001). WDST scores were decreased with 
the increase of the duration of the diabetes which was 
found statistically significant (r=-0.829, p< 0.001). A 
statistically significant negative correlation was found 
between the duration of the diabetes and scores of VST 
(r=-0.955, p<0.001).

The study revealed that an increase in duration of 
diabetes worsened the cognitive status (by Kruskall 
Wallis Anova) and also memory scores and duration were 
negatively  correlated (by Spearman rank Correlation).

TABLE NO.1: STATISTICAL ANALYSIS

MEDIAN (MED) & INTER-QUARTILE RANGE (IQR) OF MEMORY SCORES (%),   P  VALUES OF 
KRUSKAL WALLIS ONE WAY ANOVA TEST OF  MEMORY TESTS OF DIABETICS OF DIFFERENT 
DURATION

TESTS

DIABETIC PATIENTS

INTER GROUP SIGNIFICANCEGroup A <5years Group B        6-
10years

Group C 
>10years

MED IQR MED IQR MED IQR

1. AVLT 56 5.7 44 9.7 28.65 20

OVERALL:
 P-VALUE<0.001 (S)
PAIRWISE:
 C,B  :  p-VALUE< 0.001 (S)
C, A  :  p-VALUE< 0.001 (S)
B,A :   p-VALUE< 0.001 (S)

International Journal of Physiology, January-June 2017, Vol. 5, No. 1            39         



        40        International Journal of Physiology, July-December 2017, Vol. 5, No. 2     International Journal of Physiology, July-December 2017, Vol. 5, No. 2            41         

2. VFT 67.5 20.6 48.75 10 32.5 9.4

OVERALL :
P-VALUE<0.001 (S)
PAIRWISE:
C,B  :  p-VALUE< 0.001 (S)
C, A  :  p-VALUE< 0.001 (S)
B,A :   p-VALUE< 0.001 (S)

3. VRT 94 9 84 8 65 34

OVERALL:
 P-VALUE<0.001 (S)
PAIRWISE:
C,B  :  p-VALUE< 0.001 (S)
C, A  :  p-VALUE< 0.001 (S)
B,A :   p-VALUE< 0.001 (S)

4. WDST 84 16 54 17 34 7

OVERALL :
P-VALUE<0.001 (S)
PAIRWISE:
C,B  :  p-VALUE< 0.001 (S)
C, A  :  p-VALUE< 0.001 (S)
B,A :   p-VALUE< 0.001 (S)

5. VST 52 13 34 9 7 8

OVERALL:
 P-VALUE<0.001 (S)
PAIRWISE:
C,B  :  p-VALUE< 0.001 (S)
C, A  :  p-VALUE< 0.001 (S)
B,A :   p-VALUE< 0.001 (S)

TABLE 2: STATISTICAL ANALYSIS

CORRELATION CO-EFFICIENT (r) AND P-VALUE  OF MEMORY SCORES (%)OF  MEMORY TESTS 
AND DURATION OF DIABETES IN DIABETIC PATIENTS USING SPEARMAN RANK CORRELATION

SL. NO. TESTS CORELATION COEFFICIENT(r) P-VALUE

1 AVLT ̵ 0.849 <0.001 (S)

2 VFT ̵ 0.927 <0.001 (S)

3 VRT ̵ 0.816 <0.001 (S)

4 WDST ̵ 0.829 <0.001 (S)

5 VST ̵ 0.955 <0.001 (S)

DISCUSSION

When pair wise comparison was done using Kruskal 
Wallis one way Anova Test among Group A (≤5yrs 
duration) patients, Group B (6-10yrs duration) and 
Group C (>10 years duration) diabetic patients for all 
memory tests; Group C patients showed a significantly 
reduced score compared to Group A and Group B 

patients, and Group B patients showed a significantly 
reduced score compared to Group A patients for all the 
five memory tests with a significant p-value(p<0.001). 
Further, correlation regression analysis was done using 
Spearman Rank Correlation showed a significant 
negative correlation between duration of diabetes and all 
the five memory test scores(p-value<0.001).

Cont... TABLE NO.1: STATISTICAL ANALYSIS
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In the present study it was observed that decrease in 
the all memory tests score were statistically significant 
when compared within the groups (Group :< 5yrs 
duration, Group B: 5-10years duration and Group C:
>10years duration). This was may be because of increased 
duration of the diabetes5,6-7(Mean, 7.48±3.72years), 
early onset of the disease8, less years of schooling6, 
poorly controlled diabetes and hyperglycemia9 (FBS:
153.9±21.31 mg%; PPBS:237.6±38.05 mg% and 
HbA1C: 8.15±1.05). These results are agreeable to few 
of the other workers like Alencar6, Ebady7 S.A & Weli 
Xu.8

Bhagoji SB , Patil M, Mirje M in their study 
entitled “Effect of Duration of Type 2 Diabetes On Short 
term and Working Memory “ on 114 type 2 diabetics 
showed that short term and working memory status was 
negatively correlated with duration of the diabetes.4

Grodstein F, Chen J, Wilson R and Manson JE 
in their study entitled “Type2 Diabetes And cognitive 
Function an Community Dwelling Elderly Women” 
on 82 women with type 2 Diabetes, longer duration of 
diabetes was  associated with lower scores.10

Korf ESC, White LR, Scheltens P, Launer LJ in 
their study entitled “Brain Aging In Very Old Men With 
Type 2 Diabetes” , on 204 non-diabetics and 202 Type 
2 diabetics showed that compared with the subjects with 
diabetes for ≤ 5years (n=53), those with diabetes of 
≥20 years(n=25) had more cognitive decline with more 
lacunaes , hippocampal atrophy and infarcts.11

Rosebud O. Roberts, Yonas E. Geda, David S. 
Knopman, Teresa J.H. Christianson, V. Shane Pankratz 
& Bradly F. Boeve et.al in their study entitled “Duration 
and Severity of Diabetes Are Associated with Mild 
Cognitive Impairment” found that Mild cognitive 
impairment was associated with onset of diabetes 
mellitus before age 65yrs (Odds Ratio, OR=2.20), 
diabetes mellitus duration of 10years or longer 
(OR=1.76), treatment with insulin (OR=2.01) & the 
presence of diabetes mellitus complications (OR=1.80) 
after adjustment for age, sex & education.12

Alencar RC, Cobas RA and Gomes MG in a cross 
sectional study entitled “Assessment of cognitive status 
in patients with type 2 diabetes through the mini-mental 
status examination”  in 2007 found that 12.1% of 
diabetic patients in the study group with a duration of 
the diabetes 12.3+9.1yrs had diagnosis of dementia & 

this was also associated with years of study.13

Ebady SA, Arami MA & Shafiq MH studied 60 
diabetic patients and 60 non diabetic controls & found 
a significant negative correlation between duration of 
disease and cognitive dysfunction.7

In the present study it was found that increase in the 
duration of the diabetes worsened the memory status 
in diabetes patients (By Kruskal Wallis Anova) and 
further it was also observed that all the memory tests 
showed memory status and duration of the diabetes 
were negatively correlated (Spearman Rank correlation-
regression analysis) which is similar to the study by 
Ebady S.A.7 This decrease in the memory was may be 
due to the deposition of senile plaques in the brain14, 
progressive insulin resistance15 and natural age related 
memory deficits5.

  LIMITATIONS

Prospective studies are required to examine the 
putative link between non insulin dependent diabetes and 
cognitive dysfunction, because only by using such study 
designs can a causal relationship be established. Since 
different studies have utilized different psychological 
tests, there is a need to develop a standard study design 
that can be employed in testing cognitive impairment in 
type 2 diabetes.

CONCLUSION

This study shows that the short term and working 
memory scores were decreased in diabetic patients and 
this decrease in memory status was statistically significant 
when compared to normal subjects. The main hypothesis 
to explain the decline in memory status in diabetic 
patients with respect to duration, gender, age, blood 
sugar levels and glycemic control are hyperglycemia, 
hypoglycemia, microvascular injury, insulin resistance,
hyperinsulinemia, hyperphosphorylation of tau protein 
and amyloid-β2 deposition.          

The relationship is worth investigating further, 
because both diabetes and dementia are becoming 
major public health threats in view of the continuous 
aging of the population. A better understanding of the 
mechanisms linking diabetes to cognition may uncover 
new possibilities for prevention of age-related cognitive 
decline.
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ABSTRACT

In regions of higher incidence of diabetes, more frequent screening is recommended to improve diabetes 
management and to initiate prevention strategies. Some developed countries screen Obese children with higher 
BMI  with oral glucose tolerance test each year. There is a need to validate use of anthropometric measures 
for screening and early detection of subjects who are at risk of developing diabetes. We hypothesized that 
normoglycemic young adult who are siblings of diabetics or obese subjects are genetically predisposed & they are 
known to have a higher substantial heritable component of insulin resistance than the siblings of non-diabetics. 
This study evaluated simple anthropometric measures that will be optimally required to predict insulin resistance 
in normoglycemic. Siblings of Diabetics were obese compared to siblings of non diabetics. Siblings of diabetics 
had higher BMI and Waist circumference with significantly lower IS values & higher IR values. It was observed 
that ISI 0-120  indices showed a significantly better correlation with compared to HOMA IR in siblings of diabetics 
in both first & second degree relatives. ISI0-120 values were significantly lower in Siblings of Diabetics with higher 
BMI, longer Waist circumference. Significant correlation with clinical measures like BMI & waist circumference 
was observed. BMI <23.9 there were 50 subjects and in Group B: BMI > 24 there were 30 subjects.
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INTRODUCTION

World Health Organization (WHO) reported the 
Globally the prevalence of Diabetes is increasing and is 
expected to double by 2030 . Type 2 diabetes (T2DM) 
constitutes 85-90%, it is largely attributed to notably 
greater longevity and being overweight or obese  . 
There is an increase incidence in developing countries 
due to urbanization, lifestyle changes, less physically 
demanding work and the global nutrition transition. 
It is also observed that increasing sedentary lifestyles, 
marked increased intake of foods (high energy-dense 
but nutrient-poor)1, 2. Currently 62 million Indians suffer 
from diabetes i.e, 7.1% of the adult population. The 

average age on onset being 42.5 years. 1 million Indians 
die due to diabetes every year 3. India is projected to be 
home to 109 million individuals with diabetes by 20354. 

The Review of Guidelines for Screening and 
Treatment affirms the use of fasting plasma glucose 
test (FPG) or a 2-hour plasma glucose (2hPG) as a 
screening tool5. In regions of higher incidence of 
diabetes, more frequent screening is recommended to 
improve diabetes management and to initiate prevention 
strategies. Some developed countries screen Obese 
children with higher BMI  with oral glucose tolerance 
test each year6. Insulin resistance (IR) exists when 
physiological normal concentration of insulin produces 
a less than normal biological response. Obese youth 
have a potential for developing metabolic syndrome, 
Therefore, it is critical to measure insulin resistance 
(IR) before the onset of IGT in order to implement 
preventive measure7-17.  A simple Oral glucose tolerance 
test (OGTT) is the simplest and most commonly used 
method for evaluating IR. many mathematical models 

DOI Number: 10.5958/2320-608X.2017.00052.X 



        44        International Journal of Physiology, July-December 2017, Vol. 5, No. 2     International Journal of Physiology, July-December 2017, Vol. 5, No. 2            45         

of IS or IR 12,13.

There is a need to validate use of anthropometric 
measures for screening and early detection of subjects 
who are at risk of developing T2DM.  We hypothesized 
that normoglycemic young adult who are siblings 
of diabetics (SD) or obese subjects are genetically 
predisposed & they are known to have a higher 
substantial heritable component of insulin resistance 
than the siblings of non-diabetics(SND) 19,20. We study 
the correlation of anthropometric measures  with Insulin 
Resistance (IR) derived from OGTT 14-22. 

The objective of this study was to evaluate 
anthropometric measures that can optimally predict 
insulin resistance (IR) in normoglycemic subjects.

MATERIAL AND METHOD

With informed consent, 80 healthy young adult 
volunteers were recruited for the study. The study 
subject’s demographic and clinical data were collected. 
Complete clinical evaluation included weight and height 
measured while the subjects were fasting overnight 
and wore light clothes without shoes. Waist and hip 
circumferences (to the nearest 0.5 cm) were measured 
using a plastic tape meter at the umbilicus level and 
at the greater trochanters, respectively, and waist-to-
hip ratio (WHR) was calculated. Blood pressure was 
measured using a standard mercury sphygmomanometer 
on the left arm after at least 10 min of rest, Mean BP 
were determined from two independent measurements. 

Laboratory evaluation: A standard (75 g) OGTT 
was performed on all the study subjects. Blood 
samples for determination of plasma glucose; insulin 
levels were drawn at 0(fasting), 30min, 120 min after 
solution ingestion. Assays: Fasting (basal), 30, 120 min 
venous plasma glucose during OGTT was determined 
by glucose oxidase method on site using glucose auto 
analyzer. The serum plasma was stored at - 20 0C until 
assayed. Corresponding specific insulin concentration 
was determined by radioimmuno assay (RIA) using a 
human specific antibody RIA kit, which does not cross-
react with human proinsulin. The WHO diabetes criteria 
for labelling the subjects as normoglycemic:  a fasting 
venous plasma glucose concentration of less than < 6.1 
mmol /l (<110mg/dl) and a 2 hour post glucose load 
<7.8 (<140mg/dl) was used. The data was systematically 
collected in the case record form designed for the study 
and a coded master chart prepared for data analysis. 

Assessment of insulin Sensitivity, the index values were 
calculated using physiological mathematical models 
like HOMA IR, QUICKI, ISI 0-120, I0 G0 Ration, 
and their formulas derived from OGTT. The Formulas 
for calculating IR/IS values are HOMA-IR = (FPI x 
FPG)/22.5 for IR. ISI0-120  = MCR / log MSI = m / MPG 
/ log MSI. Insulinogenic Index = [30min insulin level 
– fasting insulin level (IU/ml)] / [30min plasma glucose 
– fasting plasma glucose (mg/dl)]  29-34.

RESULTS

In this prospective study, 79 healthy young adult 
volunteers were enrolled, mean age was 19.01 (18 to 
25 years), Bangalore urban, Male: 33 (41.3%) and 
Female: 47 (58.8%). Overall clinical and laboratory 
characteristics of the study subjects is seen in (Table 1). 
40 subjects were siblings of diabetics (SD) and 39 were 
siblings of non-diabetics (SND).  Clinical parameters 
SD & SND is seen in Table 1, SD were obese compared 
to SND. both the groups were matched physically, 
clinically and by routine laboratory parameters and were 
found to be similar with no statistically significance.

SD are known to be more prone to develop T2DM, 
they had significantly higher body mass index(BMI). It 
was observed that SD had significantly lower insulin 
sensitivity indices ISI 0-120 (56.27, p<0.002) and a trend 
towards significance was seen with QUICKI (0.29578, 
p< 0.056). 

The correlation between BMI & HOMA IR is 
significantly higher (r=0.387, Moderate) in With SD  
compared to SND  (r=0.144, small). The correlation 
between Waist circumference and HOMA_IR is 
significantly higher (r=0.329, moderate) in SD compared 
to SND (r=0.090, trivial) (Table 2). HDL decreases (to 
wards Abnormal) ISI 0-120 also decreases (towards 
Abnormal) in SD (Table 3).

It was observed that in SD, BMI and Waist 
circumference significantly lower IS values & higher IR 
values. It was observed that ISI 0-120  indices showed a 
significantly better correlation with compared to HOMA 
IR in SD in both first & second degree relatives. 

ISI0-120 values were significantly lower 
in subjects 

(SD) with higher BMI, longer Waist circumference. 
Significant correlation with clinical measures like BMI 
& waist circumference was observed Figure 1 & 2. BMI 
<23.9 there were 50 subjects and in Group B: BMI > 
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24 there were 30 subjects. The study subjects Clinical 
characteristics in both the healthy Groups were similar. 
subjects with higher BMI were significantly taller with 
higher waist hip ratio (Table 1). BMI in Group Ranged 
from 14.7 to 23.78 and Group B ranged from 24.11 to 
39.48. SD had significantly higher BMI (Table 4).

DISCUSSION

It is interesting to study whether decreased IS or 
IR exists at a much younger age before the onset of 
impaired glucose tolerance (IGT) in the normoglycemic 
subjects. Do simple anthropometric measures correlate 
with IR derived from OGTT 10-15, 34.

Warram JH et al in their study on the siblings of 
diabetic parents found that in truly normoglycemic 
subjects the presence of IR was the best predictor 
of development of T2DM21. In our study siblings of 
diabetics had a significantly lower IS values than the 
sibling of non diabetics, demonstrating the feasibility 
of Mathematical models like ISI, QUICKI etc derived 
from OGTT in evaluating IR/IS in normoglycemic 
young adults. 

Jin Ook Chung et al, observed a higher BMI was 
associated with higher homeostasis model assessment 
values for insulin resistance (HOMA-IR), as well as 
lower levels of insulin sensitivity index composite 
(ISIcomp). we observed similar relationsin ship between  
BMI , Waist circumference in our study 35.  

There is substantial evidence that insulin 
resistance, typically defined as decreased sensitivity 
or responsiveness to the metabolic actions of insulin, 
is a precursor of the metabolic syndrome and type 2 
diabetes. Alvar Loria  et al, in their study to establish 
a cut-off point for hyperinsulinemia demonstrated that 
Subjects with BMI <25 Kg/m2 the subjects fasting 
plasma glucose < 100mg/L has a mean insulin of 13.7. 
It is important detect IR/IS earlier as it helps in planning 
preventive strategies for the subjects being evaluated 
and the population at large.    

Table 1: Comparison of Clinical parameters in 
subjects with & without family history

Clinical 
parameters

With Family 
history

Without family 
history

Height (cms) 162.06±10.13 164.79±8.47

Weight (Kg) 61.36±13.86 58.03±10.34

BMI 23.35±4.75 21.39±3.05

Waist (cms) 75.68±12.44 74.45±8.53

Hip (cms) 94.14±9.92 91.19±7.40

Waist Hip Ratio 0.79±0.068 0.81±0.067

Systolic BP 
(mmHg) 119.90±6.24 119.50±6.24

Diastolic BP 
(mmHg) 74.40±5.11 74.45±5.72

Table 2: Correlation of HOMA_IR with clinical 
parameters

Correlation 
between HOMA_
IR with

With Family 
History

Without Family 
History

BMI 0.387
(p=0.014)

0.144
(p=0.374)

W/H ratio 0.206
(p=0.203)

0.051
(p=0.725)

Waist 
circumference 
in cm

0.329
(p=0.038)

0.090
(p=0.581)

Table 3: Correlation of ISI0-120 with clinical & lab 
parameters

Correlation between 
ISI0-120 with With Family History

Without 
Family 
History

BMI -0.319
(p=0.045)

-0.183
(p=0.252)

W/H ratio -0.217
(p=0.178)

-0.137
(p=0.400)

Waist circumference 
in cm

-0.266
(p=0.097)

-0.157
(p=0.335)

HDL 0.289
(0.071)

0.099
(P=0.544)
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Table 4: BMI <23.9 there were 50 subjects and in Group B: BMI > 24 there were 30 subjects. The study 
subjects Clinical characteristics in both the healthy Groups were similar. subjects with higher BMI were 
significantly taller with higher waist hip ratio (Table 1). BMI in Group Ranged from 14.7 to 23.78 and Group 
B ranged from 24.11 to 39.48. Siblings of Diabetics had significantly higher BMI. 

Group A: BMI < 
23.9

Group B: 
BMI >24

n=50 n=30 P value

mean SD mean SD Significance      
(2-tailed)

Siblings of Diabetics 40%    (n=20) 49% 67% (n=20) 48% 0.021

Height 163.708 9.14 162.953 9.91 0.02

Weight (Cms) 53.65 8.441 69.767 11.04 0.736

Waist (Cms) 70.12 7.48 83.317 9.994 0

Hip (Cms) 87.92 6.432 100.567 6.218 0

Waist Hip Ratio WHR 0.7965 6.36E-02 0.8267 7.14E-02 0.053

Total Cholesterol 152 27.064 165.533 23.218 0.025

Triglycerides 94.78 28.005 98.667 28.389 0.021

HDL 40.3 5.019 41.267 4.283 0.382

VLDL 18.58 4.725 19.7 5.621 0.342

LDL 93.428 28.446 104.233 22.266 0.079

hs CRP 1.03878 2.03304 2.08 2.08747 0.032

HOMA_IR 1.53756 1.10752 1.94881 1.56937 0.107

HOMA %B 181.89% 157.59 352.7 549.43% 0.042

ISI(0-120) 66.9201 22.9313 58.1182 21.5915 0.093
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CONCLUSION

Simple anthropological measures like BMI, Waist 
Circumference correlate well with IS/IR derived from 
OGTT. In developing countries like India simple and 
cost effective parameters like Waist circumference & 
BMI can be used as screening tool for detection of 
individuals at risk of developing diabetes. Detection 
Insulin resistance in pre-disease condition help in 
initiating preventive measures for high risk individuals 
to prevent them to progressing to metabolic disease 
states.

Source of Funding - Self funded   

Conflict of Interest  - None 

REFERENCE

1. Wallace TM, Matthews DR. The assessment of 
insulin resistance in man. Diabet Med. 2002 Jul 
;19(7):527-34.

2. Michael H. Shanik, Yuping Xu, Jan Škrha, Ra
chel Dankner, Yehiel Zick, Jesse Roth. Insulin 
Resistance and Hyperinsulinemia. Diabetes Care.  
2008 Feb:31 (Supplement 2) S262-S268

3. Modan, Michaela, Halkin H, Almog S, Lusky 
A, Eshkol A, Shefi M, Shitrit A, Fuchs Z. 
Hyperinsulinemia:A link between hypertension 
obesity and glucose intolerance. J. Clin. Invest.  
1985 March. 75 (3): 809–817. 

4. Danker, Rache, Chetrit A, Shanik MH, Raz I, 
Roth J . Basal-stat hyperinsulinemia in healthy 
normoglycemic adults is predictive of type 2 
diabetes over a 24-year follow-up. Diabetes Care. 
2009 August. 32 (8): 1464–1466. 

5. Modan, Michaela; Halkin H; Almog S; Lusky A; 
Eshkol A; Shefi M; Shitrit A; Fuchs Z. (March 
1985). “Hyperinsulinemia: A link between 
hypertension obesity and glucose intolerance”. J. 
Clin. Invest. 75 (3): 809–817. 

6. Supamai Soonthornpun, worawong setasuban, 
atchara thamprasit,wanne chayanunnukul, 
chatchalit rattarasarn, alan geater. Novel Insulin 
Sensitivity Index Derived from Oral Glucose 
Tolerance Test. J Clin Endocrinol Metab. 2003 
Jan. 88(3):1019–1023

7. Catherine w. yeckel, ram weiss, james dziura, sara 
e. taksali, sylvie dufour,tania s. burgert, william 

v. tamborlane, and sonia caprio. Validation of 
Insulin Sensitivity Indices from Oral Glucose 
Tolerance Test Parameters in Obese Children 
and Adolescents. J Clin Endocrinol Metab. 2004 
March. 89(3):1096–1101

8. Jaetaek Kim, Seungjin Choi, Beongho Kong, 
Yeonsahang Oh, Soonhyun Shinn. Insulin 
Secretion and Sensitivity during Oral Glucose 
Tolerance Test in Korean Lean Elderly Women. J 
Korean Med Science. 2001. 16: 592 -597.

9. Ho LT, Chang ZY, Wang JT, Li SH, Liu YF, 
Chen Y-DI, Reaven GM. Insulin insensitivity in 
offspring of parents with Type 2 diabetes mellitus. 
Diabetic Med. 1989. 7:31–34.

10. Matthews DR, Hosker JP, Rudenski AS, Naylor 
BA, Treacher DF, Turner RC.   Homeostasis 
model assessment: insulin resistance and beta-cell 
function from  fasting plasma glucose and insulin 
concentrations in man. Diabetologia 1985. 28:
412–419.

11. Arie Katz, Sridhar S. Nambi, Kieren Mather, 
Alain D. Baron, Dean A. Follmann, Gail Sullivan 
et al. Quantative Insulin sensitivity check index: 
a simple , accurate method for assessing  insulin 
sensitivity in humans. The journal of clinical 
endocrinology & metabolism June 2000. 85(7): 
2402 -2410.

12. Wallace. T.M., Matthews. D.R. The assessment 
of insulin resistance in man. Diabetes Medicine. 
2002July.19 :(7): 527-534

13. Falta W, Boller R . Insularer und insulinresistenter 
Diabetes. Klin Wochenschr. 1931.10: 438–443.

14. Himsworth HP. Diabetes mellitus: its differentiation 
into insulin-sensitive and insulin-insensitive types. 
Lancet 1936. 1: 127–130. 

15. Gutt. M., Davis C.L., Spitzer S.B., Llabre M.M., 
Kumar M., Czarnecki E.M. Validation of the 
insulin sensitivity index (ISI 0,120): comparison 
with other measures. Diabetes Research and 
Clinical Practice 2000. 47: 177 - 184.

16. Yeckel CW, Weiss R.  Validation of Insulin 
Sensitivity Indices from Oral Glucose Tolerance 
Test Parameters in Obese Children and 
Adolescents. J Clin Endocrinol Metab.. 2004. 
89(3): 1096-1101

17. Harris MI, Eastman RC. Early detection of 



        48        International Journal of Physiology, July-December 2017, Vol. 5, No. 2     

undiagnosed diabetes mellitus: a US perspective. 
Diabetes Metab Res Rev. 2000.16(4):230-6.

18. Warram JH, Martin BC, Krolewski AS, Soeldner 
JS, Kahn CR. Slow glucose removal rate and 
hyperinsulinemia precede the development of Type 
II diabetes in the offspring of diabetic parents. Ann 
Int Med. 1990.113:909–915

19. Masafumi Matsuda, Ralph A. De Fronzo. Insulin 
Sensitivity Indices Obtained From Glucose 
Tolerance Testing, Comparison with euglycemic 
Clamp technique. Diabetes Care.1999. 22(9): 1462 
- 1470.

20. Haffner SM, Stern MP, Hazuda HP, Mitchell BD, 
Patterson JK. Increased insulin concentrations in 
nondiabetic offspring of diabetic parents. New 
Eng J Med .1988. 319:1297–1301.

21. Elbein SC, Maxwell TM, Schumacher MC. Insulin 
and glucose levels and prevalence of glucose 
intolerance in pedigrees with multiple diabetic 
siblings. Diabetes. 1991. 40:1024–32.

22. Bergman RN, Prager R, Volund A, Olefsky J. 
Equivalence of the insulin sensitivity index in man 
derived by the minimal model method and the 
euglycemic glucose clamp. J Clin Invest . 1987. 
79:790–800.

23. Osei K, Cottrell DA, Orabella MM. Insulin 
sensitivity, glucose effectiveness, and body fat 
distribution pattern in nondiabetic offspring of 
patients with NIDDM. Diabetes Care. 1991. 4:
890–896.

24. World Health Organization, Global Report on 
Diabetes. Geneva, 2016. Accessed 30 August 
2016. 

25. Wild S, Roglic G, Green A, Sicree R, King 
H (2004). “Global prevalence of diabetes: 
Estimates for the year 2000 and projections for 
2030”. Diabetes Care. 27 (5): 1047–53

26. Gale, Jason (November 7, 2010). “India’s Diabetes 
Epidemic Cuts Down Millions Who Escape 
Poverty”. Bloomberg. Retrieved 8 June 2012.

27. Wild, Sarah, Gojka Roglic, Anders Green, Richard 
Sicree, and Hilary King. “Global Prevalence of 
Diabetes.” Diabetes Care. American Diabetes 
Association, 26 Jan. 2004. Web. 22 Apr. 2014.

28. Canadian Agency for Drugs and Technology in 
Health (CADTH-HTIS). (2010b). Diabetes in 
Aboriginal Populations: Review of Guidelines 
for Screening and Treatment. Prepared by Health 
Technology Inquiry Service (HTIS). August 2010.

29. Ur, Ehud; Chiasson, Jean-Louis; Ransom, Tom; 
Rowe, Richard (2008) Screening for Type 1 and 
Type 2 Diabetes. In Canadian Diabetes Association 
Clinical Practice Guidelines Expert Committee 
(ed.) 2008 Clinical Practice Guidelines.

30. Johnston C, Ward WK, Beard JC, McKnight B, 
Porte D. Islet function and insulin sensitivity in 
nondiabetic offspring of conjugal Type 2 diabetic 
patients. Diabetic Med. 1990. 7:119–125.

31. Eriksson J, Franssila-Kallunki A, Ekstrand A, 
Saloranta C, Widén E, Schalin C, Groop L. Early 
metabolic defects in persons at increased risk for 
non-insulin-dependent diabetes mellitus. New Eng 
J Med. 1989. 321:337–343.

32. Gulli G, Ferrannini E, Stern M, Haffner S, 
DeFronzo RA. The metabolic profile of NIDDM 
is fully established in glucose-tolerant offspring 
of two Mexican-American NIDDM parents. 
Diabetes. 1992. 41:1575–1586.

33. O’Rahilly SP, Nugent Z, Rudenski AS, Hosker 
JP, Burnett MA, Darling P, Turner RC. Beta-cell 
dysfunction, rather than insulin insensitivity, is the 
primary defect in familial Type 2 diabetes. Lancet. 
1986;2:360–364.

34. Wallace. T.M., Matthews. D.R. The assessment 
of insulin resistance in man. Diabetes Medicine 
2002.July. 19 :(7): 527 – 534

35. Haffner SM, Stern MP, Hazuda HP, Mitchell BD, 
Patterson JK. Increased insulin concentrations in 
nondiabetic offspring of diabetic parents. New 
Eng J Med. 1988. 319:1297–1301.



        48        International Journal of Physiology, July-December 2017, Vol. 5, No. 2     

Correlation of Cardiovascular Efficiency with Regular 
Physical activity in First Year MBBS Students

Anupama Gupta1, Ipsita Choudhury2, Hajra Banoo3, J J Tambe4

1Assistant Professor, Department of Physiology, 1Assistant Professor, Department of Physiology, 1 2Associate Professor, Department of Biochemistry, 2Associate Professor, Department of Biochemistry, 2 3Professor, 
Department of Physiology, Rama Medical College, Kanpur, 4 Specialist (Paed) Central Govt. Health Services, Kanpur

ABSTRACT 

Aim- Correlation of Cardiovascular efficiency with regular Physical activity in First Year MBBS Students . 
Method- cross-sectional study was conducted on 50 MBBS  students in age group of 18-24 yrs of Rama medical 
college and research centre. Cardiovascular fitness was measured by performing Harvard step test. Data analysis-
The samples were analysed using SPSS-22 programme through Pearsons correlation method. Conclusion- any 
kind of moderate physical exercise improves physical fitness.

Keywords- physical fitness index, Harvard step test.

INTRODUCTION

Physical fitness implies not only the absence of 
disabling deformity or disease and the capacity to 
perform a sedentary task efficiently but also a sense 
of physical well-being and the capacity to deal with 
emergencies demanding unaccustomed physical effort.1

Over the past two decades cardiovascular fitness, 
i.e. the efficiency of the cardiovascular systems, has 
been the subject of a very large number of studies 
involving endurance-trained athletes. In contrast, it 
is only recently that the cardiovascular fitness of the 
general adult population has received much attention. 
This is due to the fact that diseases of the respiratory and 
cardiovascular systems have become a major cause of 
adult deaths in Western nations.2

MBBS students during the course are subjected to 
different kinds of stressors predominantly the pressure 
of academics leading to the successful completion of the 
educational course. Physical & mental fitness are the key 
to such a successful outcome. Physical fitness is used in 
two close meanings: general fitness-a state of health and 
well-being and specific fitness -a task-oriented definition 
based on the ability to perform specific aspects of sports 
or occupations. It is the result of regular exercise, proper 
diet and nutrition, and proper rest for physical recovery. 
There has been a decrease in physical activity due to a 
more sedentary lifestyle. 

An individual is considered to be fit for a particular 
task or activity, when he can accomplish it with a 
reasonable degree of efficiency without undue fatigue 
and with rapid recovery from the effect of exertion. 
Physiological fitness implies the capacity for skillful 
performance and rapid recovery.3 

MATERIALS AND METHOD

This study was conducted on 50 M.B.B.S. students 
in age group of 18-24 years, of Rama Medical College 
and Research center.The study was approved by Ethical 
committee of Rama Medical College and Research 
center. Height, weight, Body Mass Index (BMI), resting 
blood pressure and pulse rate were measured. Students 
suffering from any physical or medical abnormality and 
those who were unwilling to take any part in the study 
were excluded.

Informed consent was taken from all the students.

25 students were engaged in some kind of regular 
physical activity like sports, running etc. and 25 students 
were exercising occasionally. Resting pulse for full one 
minute and blood pressure was taken. Test procedure 
was explained beforehand. Platform of 50 cm. was 
used for test. As the signal begins “up, up” subject steps 
up with right foot , then brings the left foot up besides 
right foot. Then subject steps down by first bringing 
right foot down followed by left one, when instructed 
“down, down”. Rate of stepping is 30 steps per minute 
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for 5 minutes. Those who exhausted before completing 5 
minutes were excluded from the study. Exhaustion time 
is taken as the point at which subject cannot maintain 
stepping rate for 15 seconds.4,5,6.

Subject immediately sits down on completion of the 
test and heart beats are counted for 1 to 1.5, 2 to 2.5, 3 to 
3.5 minutes. Recovery index is calculated as follows.

Physical fitness index / cardiovascular fitness index 
=

Duration of exercise in seconds x 100 / (sum of 3 
pulse counts ) x2

The samples were analyzed using SPSS-22 
PROGRAMME through Pearsons correlation method.

RESULTS

On statistical analysis between students who 
were doing occasional physical exercise (control) and 
regular physical exercise (cases), by SPSS 22 program 
through Pearson’s correlation method, the mean ± SD 
of control was found to be 59.53 ±3.01. as compared 
to 72.18±6.40. among the cases. This showed a highly 
significant difference with the “p” value of  < 0.001.

Fig 1: Difference between occasional (control) and regular 
(cases) physical activity

DISCUSSION

Physical fitness is normally referred to the ability of 
an individual to perform physical activity. To increase 
the longevity of the individual, the attribute of being 
physically fit, in order to maintain good health is 
exceedingly important. 

In the present modern machine era which is forcing 
our life towards more and more sedentary style and habit 
of junk food has drastically reduced the good health at all 

ages. Therefore the incidence of obesity, cardiovascular 
diseases are increasing. It is predicted by the year 2025; 
developing countries will contribute more than half the 
burden of Diabetes in the world.

India will have the largest number of diabetic 
patients (approximately 57 million in any one country.) 
India would be known as the diabetic capital of the 
world. obesity a feature of diabetes and cardiovascular 
disease is a major complication that is increasingly 
becoming a feature of even the young population leading 
to morbidity and even mortality.7

To reduce the intensity of this alarming situation, it 
will be an inexpensive alternative for the population to 
adopt regular moderate physical activity.8 An ideal age 
group will be the young individuals as this would allow 
greater interventions in this age group.

According to the formula applied on the subjects, 
students with exercise had a score of 72.186.±6.40 as 
mean value as compared to 59.53±3.01 the occasional 
exercise students. Upon applying the Pearson’s 
correlation, p value was found to be statistically 
significant. p value (<0.001).

This can be explained by the fact that regular 
physical activity improves muscle strength and boosts 
endurance. Exercise delivers oxygen and nutrients 
to tissues, helps cardiovascular system work more 
efficiently. When the heart and lungs improve, we have 
more energy to tackle daily chores.

Boosts high density lipoproteins (HDL), or good 
cholesterol and decreases unhealthy triglycerides. This 
keeps blood flowing smoothly, which decreases the risk 
of cardiovascular diseases.

Heart rate increases with physical activity to supply 
more oxygenated blood to your muscle.  The fitter you 
are the more efficiently your heart can do this, allowing 
you to work out longer and harder. As a side effect, this 
increased efficiency will also reduce your resting heart 
rate. Your blood pressure will also decrease as a result of 
new blood vessels forming.

When you work out regularly, your brain gets used 
to this frequent surge of blood and adapts by turning 
certain genes on or off. Many of these changes boost 
brain cells function and protect from diseases such as 
Alzheimer’s, Parkinson’s or even stroke, and ward off 
age related decline.
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A number of neurotransmitters are also triggered 
as endorphins, serotonin, dopamine, glutamate, and 
GABA. Some of these are well known for their role in 
mood control. Exercise in fact is one of the most effective 
prevention and treatment strategies for depression.9

So this study proves that physical activity is an 
important determinant and predictor of physical fitness. 

CONCLUSION

Students with regular physical activity have better 
fitness index; so we should motivate our students to 
involve in some regular physical activity which will 
improve their academic performance also.
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ABSTRACT         

Background: Incidence and prevalence of diabetes is increasing all over the world . Increased blood glucose level is an 
important risk factor in the development of diabetic microvascular and macrovascular complications. Hyperglycemia 
induces biochemical  and haematological changes. Erythrocyte deformability improves blood flow in microvessels.  Both 
persistent and variable  hyperglycemia causes  various changes in the RBC  membrane and its cytoplasm. This leads to 
modification in the deformability of RBC membrane. With prolonged  exposure of RBCs to hyperglycemic  conditions, 
the deformability of RBCs is further decreased, and  its aggregation increases. This makes whole blood more viscous 
and responsible for microvascular complications. This decreased deformability is reflected as anisocytosis in peripheral 
smear. This study is aimed at finding the correlation between hyperglycemia and anisocytosis and educating the diabetic 
population about the importance of maintaining the blood glucose levels under control. 

Method:  This study  was done  in  150 subjects  in the age group 25 to 50 years (50 control  (25 male and 25 female)with 
normal fasting  blood glucose level 70 -110 mg/dl, 50 subjects    (25 male and 25 female) having blood glucose level 
between 126-200 mg/dl   and 50 subjects (25 male and 25 female)   having blood glucose levels between 200-300 mg/dl  
of Annapoorana Medical college hospitals. Patients with anaemia, malnutrition, and other chronic diseases whose RBCs 
may show anisocytosis were excluded. Fasting blood glucose level was measured.  Peripheral smear was  prepared and 
stained with Leishman’s stain. Smear was focused under oil immersion objective, and the image was captured using a 
digital camera. Image was transferred to the computer system and RBC diameter was measured using UTHSCA image tool 
software. Variation in size of the  RBCs  between control and  subjects was  compared using  Pearson’s  product moment 
correlation coefficient and  Paired sample t test.

Results:  Graded increase in the  variation in the size of RBCs (anisocytosis) was  observed  with graded increase in blood 
glucose levels. By using Pearsons product moment correlation coefficient ,significant  r value of 0.5,0.8 and 0.95  were got 
in male control group, mild hyperglycemic(125-200 mg/dl)  group and moderate  hyperglycemic (200-300 mg/dl) group  
and  r  value of 0.4, 0.7 and 0.76  were got in female  control, moderate hyperglycemic and severe hyperglycemic group.  
Comparing blood glucose  and anisocytosis using Paired sample t test, significant  p value of ˂ 0.01 was got in  male and 
female mild hyperglycemic and moderate   hyperglycemic group.

Conclusions: Erythrocytes of diabetes mellitus patients are floating in hyperglycemic environment during their life 
span. Hyperglycemia induces the production of ROS(Reactive Oxygen Species) causing oxidative stress as well as 
lipid peroxidation  which may accelerate vascular complications in diabetes. This   induces  the changes in erythrocyte 
deformability and causes  the aggregation of RBCs, in turn, affects their flow properties in the blood vessels. This  
accelerate the  vascular complication in diabetics.

Keywords: Hyperglycemia, Red Blood Cell membrane deformability, Oxidative stress, Peripheral smear, Image tool, 
Anisocytosis.  
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INTRODUCTION

The incidence and prevalence of Diabetes Mellitus 
is increasing in the world, due to sedentary life style 
and improper food habits. Type II diabetes mellitus  has 
reached epidemic levels not only in developed nations 
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but also in developing nations. Since the requirement 
for physical effort in home and at work place  is also  
reduced, there is  continuous increase in the rate of over 
weight , obesity and type II diabetes mellitus. More than 
50%  children of this generation are spending most of 
their time with televisison and  playing video games in 
laptop with  packets  of junk food and carbonated drinks 
near them. This leads to development of type II diabetes 
mellitus at an earlier  age. DM  is a metabolic disorder 
caused by defective insulin production or  inappropriate 
utilization of insulin by the cells resulting in  abnormal 
carbohydrate metabolism which causes  hyperglycemia 
(high blood glucose  levels).Hyperglycemia  is a major 
factor in development of diabetic complications. This 
hyperglycemia   causes changes in the RBC membrane. 
Importantly hyperglycemic environment decreases 
the deformability of RBCs. Erythrocyte deformability 
improves blood flow in microvessels. Both persistent 
and variable  hyperglycemia causes various changes 
in the RBC  membrane and its cytoplasm. This 
leads to modification in the deformability of RBC 
membrane. (1) With prolonged  exposure of RBCs to 
hyperglycemic conditions, the deformability of RBCs 
is further decreased, and  its aggregation increases. This 
makes whole blood more viscous and responsible for 
microvascular complications. (2)  Diabetes is the most 
common cause of polyneuropathy and responsible 
for non traumatic amputations, nephropathy, and 
retinopathy. (1) There are  only few studies about the 
changes occurring in RBC membrane in hyperglycemia.  
In this study we aimed at finding the impact of 
hyperglycemia on anisocytosis.  By making the diabetic 
population to visualize the  anisocytosis in  their own 
peripheral smear we can educate them and prevent the 
diabetic complications  more effectively. 

METHOD

This study was conducted  in  150 subjects between 
the age group 25 -50 years who attended the Annapoorana 
Medical College Hospital. This study was started after 
getting ethical clearance  from the ethical committee of 
Annapoorana Medical College and Hospitals. 50 (25 
male and 25 female)  subjects  with normal fasting blood 
glucose levels(70-10 mg/dl)  were included in the control 
group. 50 (25 male and  25 female) subjects with mild 
hyperglycemia (125-200 mg/dl) and 50 (25 male and  25 
female) subjects with moderate hyperglemia (200-300 
mg/dl) were included in the test group. Written consent 
was got from all the subjects who participated in the 

study. Ideal peripheral  smears were prepared and  stained 
with Leishman’s staining. Smear was focused under oil 
immersion objective, and the image was captured using 
a camera. Image was transferred to the computer system 
and RBC diameter was measured using UTHSCA image 
tool software.  The calibration image was  taken from 
the Neubauer’s counting chamber smallest square of 
RBC which is 50 micron. Magnification factor was  
kept constant for all the images.  We compared the  the 
variation   in the size of erythrocytes between the control 
with normal blood glucose levels, and subjects with  
increased blood glucose levels. Since  the details of 
morphology of RBCs cannot be obtained by automated 
analysers, manual method of measuring anisocytosis 
was preferred in this study. Best diagnostic support was 
given by Systematic examination of blood film  and all 
the other test were either complimenting or confirming  
it.(3) Computer based image analysis method to 
determine red cell size, provides an accurate and reliable 
measurement, which is simple and cost effective. (4) The 
diameter of 25 RBCs  were measured from each image. 
The variation  in the size of RBCs (anisocytosis)  (largest 
diameter_ smallest diameter) , between  the  control and 
hyperglycemic   subjects were compared.  

RESULTS

We used Pearson’s  product moment  correlation 
coefficient and Paired  sample  t test  to find the 
correlation between hyperglycemia  and anisocytosis. 
If the r value is near 1, there is significant correlation, 
if r value is positive there is positive correlation and 
if the r value is negative there is negative correlation. 
There is graded increase in variation in the size of RBCs 
(anisocytosis)  in mild and moderate  hyperglycemic 
subjects. Hyperglycemia was  positively and significantly 
correlated with  anisocytosis.  The r values got after 
comparing the hyperglycemia  and anisocytosis in male 
control and male mild and moderate hyperglycemic  
subjects were 0.5,  0.8 and 0.95 respectively. For female 
control and mild and moderate  hyperglycemic  subjects 
the r values got were 0.4 and 0.7 and 0.76 respectively. 
(Table 1)

The normal variation in the rbc size is 1-2 microns. 
But, in mild and moderate  hyperglycemic  subjects , 
the variation in the RBC  size (anisocytosis) is 2.5 and 
3.7 microns respectively which gives the significant 
r values  (Table2). By comparing the anisocytosis 
with hyperglycemia   using  Paired sample t-test , 
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the  significant  p value of < 0.05 was got in male and 
female hyperglycemic  subjects.  (Table 3) (Figure1 and 
Figure2).

DISCUSSION

From our study, we come to know that, 
hyperglycemia  is positively and significantly 
correlated  with anisocytosis. Diabetes mellitus (DM) 
is a group of metabolic disorder characterized by 
abnormal carbohydrate metabolism resulting chronic 
hyperglycemia (high blood glucose  levels) caused by 
defective insulin production or appropriate and efficient 
utilization of insulin by cells. Severe complications  
are caused due to inappropriately managed diabetes.   
These chronic, long term complications are related 
to blood vessel diseases. Blood vessel diseases are 
generally classified into micro vascular disease (small 
vessel disease) such as retinopathy, nephropathy  and 
neuropathy) and Macro vascular disease concerning 
the heart and blood vessels (large vessel disease)(5).  
Hyperglycemic induced variation in hematological 
parameters has been reported by several studies. 
Elevation in glucose concentration is one of the major 
factor that effects the erythrocyte morphology i.e., the 
severity in the change of erythrocyte shape depend 
upon the plasma glucose level. This in turn, affects their 
flow properties through alteration and deformation at 
individual level and aggregation at collective level.(6) 

The functional properties of erythrocytes are changed 
due to addition of altered biochemical and tissue 
products in the blood .(7)

Hyperglycemic state glycosylates hemoglobin, 
creates oxidative stress  inside the RBC and puts the 
cellular components at risk.(8) Oxidative stress also 
causes, conformation changes in membrane cytoskeleton 
protein which alters fluidity of the membrane, erythrocyte 
shape, size and osmotic fragility. (9)shape, size and osmotic fragility. (9)shape, size and osmotic fragility  Erythrocytes stay in 
hyperglycemic environment during their life span are 
exposed to oxidative stress, which is confirmed by the 
presence of ( MDA) –MalonDiAldehyde(indicator of 
lipid peroxidation) and decreased glutathione in the 
RBCs, which provokes the changes in erythrocyte 
deformability and the aggregation. Peroxidation of 
the  cell membrane lipids changes the membrane 
permeability. (10)  

Lipid peroxidation causes polymerization 
of membrane components and decreases cell 
deformability(11). In general, the overall effect of lipid 
peroxidation is to decrease membrane fluidity. (12) It has 
been shown that peroxidation of erythrocyte membranes 
causes formation of high-molecular-mass protein 
aggregates within the membrane. (13) The impairment of 
erythrocyte deformability is attributed to the alterations 
in the membrane structure. These changes may include: 
Altered concentration ratio of cholesterol / phospholipid 
in the membrane core, amplified membrane lipid 
peroxidation. (14) Alteration in lipid –protein interactions, 
along with increased glycosilation derived internal 
viscosity  leads to altered  viscoelastioc properties 
of erythrocyte membrane which leads to decreased 
deformability of RBCs in diabetes. (15)

Membrane proteins spectrin and actin in sub 
membraneous cytoskeletal meshwork  are responsible 
for viscoelastic properties of RBC membrane.(16)  There 
is structural deteriotion of erythrocyte membrane in 
diabetes. (17) In hyperglycemic environment beta spectrin  
is most glycosilated, and spectrin is oxidatively damaged, 
leading to decreased deformability. (18) Regarding enzyme 
and ionic balance,  in RBCs exposed to hyperglycemic 
environment, there is alteration in Na+ K+ ATP ase 
(decreased) which plays a central role in regulation 
of  intracytoplasmic homeostasis.(19) Hyperglycemia 
induces the production of ROS causing oxidative stress 
as well as lipid peroxidation which may accelerate  
vascular complication in diabetics. (2) Oxidative stress, 
also  result in endothelial dysfunction(20).  

The red blood cell (RBC), is a non-nucleated cell. 
So it  exhibits a very limited biosynthesis capacity 
and poor repair mechanisms. So they  are vulnerable  
to physical and/or chemical stress. Oxidative stress,  
causes oxidative damage to  the lipids and proteins in 
the RBC membrane. The erythrocyte is a good model 
to study the oxidative damage of lipids and proteins 
occurring in pro inflammatory and oxidative conditions. 
(21) Higher oxidative stress leads to reduced erythrocyte 
survival and  results in anisocytosis due to an increase in 
the proportion of circulating premature erythrocytes. (22)

So we compared blood glucose levels  and anisocytosis 
in this study.
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  TABLE :- 1.  Correlation between  hyperglycemia with anisocytosis using Pearson’s product moment 
correlation coefficient.

Variable 
Male 
control
r value

Male mild 
hyperglycemic
subject
r value

Male moderate 
hyperglycemic 
subject

Female  
control
r value

Female mild 
hyperglycemic   
subject
r value

Female
moderate 
hyperglycemic 
subject.

Blood sugar 0.5 0.8* 0.95* 0.4 0.7* 0.76*

Positively Significant r values were got between  hyperglycemia  and anisocytosis in mild hyperglycemic  group 
and  moderate hyperglycemic  group. 

Table 2 : Variation in RBC size between control  and   hyperglycemic subjects.

Study subjects. Range of RBC size (microns)

Male controls  (n= 25)     6.2 to 7.9 

Male  mild hyperglycemic  subjects (n= 25)  5.8 t0 8.5

Male  moderate hyperglycemic  subjects (n= 25)  5.8 to 10.2 

Female controls (n= 25)  6.1 to 7.8

Female  mild hyperglycemic  subjects (n= 25)   5.8 to 8.3

Female  moderate hyperglycemic  subjects (n= 25)  5.7 to 9.1. 

Table:-3. Correlation ofhyperglycemia    with anisocytosis using Paired sample t Test.

CONTROL Mild 
hyperglycemia

Moderate 
hyperglycemia

Mean Std. Deviation Sig. (2-tailed) 
-(p value) Mean Std. 

Deviation

Sig. (2-
tailed) 
-(p 
value)

Mean Std. 
Deviation

Sig. (2-tailed) 
-(p value)

MALE
ANI 1.6 .23 2.5 .30 3.6 .52

B.Sugar 92 19 0.008 149 18 .000** 244 29 .000**

FEMALE
ANI 1.6 .2 2.4 .2 3.3 .15

B.Sugar 98 12.2 .065 146 12.6 .000** 222 24 .000**

* significant at P < 0.01In the present study , we observed   significant  correlation,  P value (< 0.01) increased 
blood  sugar   and Anisocytosis in mild and moderate hyperglycemic group. 

 Figure :- 1. Comparison of different blood glucose  levels 
with anisocytosis in males .

Figure :- 2.  Comparison of different blood glucose  levels 
with anisocytosis in females.
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CONCLUSIONS 

The disease burden of diabetes is increasing  day by 
day. The microvascular and macrovascular complications 
of  diabetic  patients are also increasing. In  our study 
we found positive correlation between hyperglycemia  
and anisocytosis. Glycosylated hemoglobin stimulates 
oxidative stress, which increases the reactive oxygen 
species, which increases the rigidity of  the RBC 
membrane and decreases the deformability of RBC  
membrane leading to anisocytosis. This decrease 
in erythrocyte membrane fluidity in hyperglycemic  
patients reduces  the rate of blood flow (in particular in 
the microcirculation) and the oxygen diffusion through 
the erythrocyte membrane and its exchange with tissues, 
which causes the further complications. Good glycemic 
control (either by diet or oral hypoglycemic drugs) could 
be supportive and beneficial in reducing harmful effects 
in diabetics. So it is high time we have to sensitise and 
educate the diabetic population in an effective manner. 
With this computer based image analysis method , we can 
make  the  patients to visualize the anisocytosis in their 
RBC. we can  explain  them if anisocytosis is present in 
their blood, they are prone for vascular complications, 
and diabetic patients will keep their blood glucose levels 
under control and prevent themselves from vascular 
complications of diabetes.  
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ABSTRACT

The effects of visual stimuli on cardiac autonomic activity using Heart Rate Variability (HRV)was studied in 50 
healthyadult males. Beat tobeat R-R intervals were cotinuously recorded under closed eye condition (CEC) and   
the open eye condition(OEC). HRV frequency domain parameters like LF nu, HF nu, LF/HF were obtained with 
the helpof RMS polyrite – D version 3.0.11.There was a significant (p<0.05) decrease in HF nu in OEC when 
compared to CEC,  and a significant(p<0.05)increase in LF nu and LF-HF ratio in OEC  when compared to CEC. 
Indicating increased sympathetic activity and reduced parasympathetic activity in OEC1.

Keywords: Autonomic activity, Heart Rate Variability, visual stimuli.

INTRODUCTION

Physiological responses to environmental stimuli 
have been investigated intensly2,3. Heart rate at rest is 
regulated through the activity of cardiac autonomic 
nervous system. The stimulation in the sympathetic 
nervous system increases heart rate and excitation of 
parasympathetic nervous system reduces heart rate by 
increasing vagal tone. Heart Rate Variability (HRV) is 
a specific and sensitive non-invasive tool to evaluate 
cardiac autonomic activity. HRV is the degree of 
variation of the heart rate under the balanced influence 
of sympathetic and parasympathetic components of the 
cardiac autonomic nervous system. HRV also indicates 
the extent of neuronal damage to autonomic nervous 
system. Human beings are very sensitive to light 
exposure, and changes of light intensity can shift many 
physiological parameters like melatonin, alertness, body 
temperature, heart rate (HR), and heart rate variability 
(HRV)4,5. This study is an effort to assess the effect 
of visual stimuli on cardiac autonomic activity using 
Heart Rate Variability in young adult males as sudden 
cardiac death in later ages can be prevented if life style 
modifications are brought in earlier.

MATERIALS AND METHOD

Parameters

Study was designed and carried out in the 
Department of Physiology of Subbaiah Institute of 

Medical Sciences. Fifty subjects, who were young 
adult males (18-21 years) from general population were 
considered for the study. They were subjected to two sets 
of five minute digital ECG recording at 9 a.m. following 
light breakfast without tea or coffee.

Ethical clearance was obtained from our institution 
ethical committee and informed consent was obtained 
from all the subjects.

Inclusion criteria: 

Healthy50 healthymalesof adolescent age group of  
18-21 years were included in the study.

Exclusion criteria: 

Subjects who are obese or with history of 
diabetes mellitus, hypertension, respiratory illness, 
cardiacdiseases and endocrinal disorders were excluded. 
Subjects on any medications were also excluded.

Measurement of Heart Rate Variability parameters:

Subjects were  made to listen to constant low volume 
white noise to remove the bias of sound on HRV. 

Basic anthropometric measurements were done like 
weight , height without footware.

Instruments used:

RMS polyrite – D version 3.0.11.

DOI Number: 10.5958/2320-608X.2017.00055.5 
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Subjects were explained in detail about the ongoing 
procedure, ECG was digitally recorded after 10 minutes 
rest using lead II. 5 minutes ECG in supine position was 
recorded, with subject breathing normally and used to 
determine the LFnu, HFnu and LF/HF. 

Two such recordings were obtained.One while the 
subjects kept their eye closed initially, and  thenwith 
eyes opened .The heart rate variability between open 
and closed eye state were compared.

Fast Fourier Transformation spectrum - FFT was 
done using Welch’s periodogram method and Hanning 
window analysis of RMS polyrite – D version 3.0.11 to 
calculate HFnuLFnu and LF/HF.

STATISTICAL METHOD

Descriptive statistical analysis has been carried 
out in the present study. Results on continuous 
measurements are presented on Mean   SD (Min-Max) 
and results on categorical measurements are presented 
in Number (%). Significance is assessed at 5 % level 
of significance.  Analysis of variance (ANOVA) has 
been used to find the significance of study parameters 
between three or more groups of patients, Student t 
test (two tailed, independent) has been used to find the 
significance of study parameters on continuous scale 
between two groups Inter group analysis). Effect size 
has been computed to find the effect of obesity on HRV 
parameters. Student ‘t’ test (two tailed; independent) has 
been used to test the homogeneity samples based on of 
age (or continuous parameters).

FINDINGS

The values ofLFnu, HFnu and LF/HF for all the 
subjects under both the closed -eye condition (CEC) 
and open- eye condition(OEC) were obtained. .Values of 
LFnu and LF/HF under CECappear  to be  smaller than 
those OEC .The mean value of HFnu for under CEC  
was significantly greater (< 0.05 level ) when compared 
to OEC.

DISCUSSION

Light plays a central role in life. Without sunlight 
there is no life on earth. Effects of light stimulation 
and light therapy on autonomic functions (e.g., body 
temperature, HR, or HRV) were already investigated in 
several human studies9,10,11. Changes in automaticity of 

the pacemaker caused by increased activity of pacemaker 
caused by increased activity of parasympathetic nerves 
are rapid due to quick activation of special acetylcholine 
–regulated K+ channels in the cardiac cells and decay of  
the cardiac response is quick due to rapid hydrolyzation 
of acetyl choline.the cardiac response to increased 
sympathetic nervous activity is much slower than the 
response increased parasympathetic activity due to 
a delayed release of noradrenaline and to media tion 
via a slow second messenger system. Thus changes 
in the activity of parasympathetic nervous system can 
alter heart rate much more rapidly exerting beat –by 
–beat control of heart rate compared to sympathetic 
nervous system6. LF-HF ratio is sensitive measure 
of sympathovagal balance7 .Increase in LF-HF ratio 
indicates increased sympathetic activity and decrease 
in ratio incicates increased parasympathetic activity1.  
HFnu is an index of parasympathetic activity.In one of 
the studies participants who were exposed to red light 
(versus a control color) exhibited a decrease in HF-HRV, 
and this result was associated with worse cognitive 
performance8.

Table 1: Basic characteristics of subjects

Variables Subjects

Age in years 20.14±1.32

BMI (kg/m2) 23.06±0.31

Table 2: Comparision of FFT spectrum  between 
CEC and OEC

HRV CEC OEC P value

LF nu
30.624±2.68 35.949±3.049

<0.05*
(25.609-41.817) (30.609-46.817)

HF nu
69.375±4.085 64.05±3.04

<0.05*
(58.183-74.391) (53.183-69.391)

LF/HF
0.446±0.06 0.568±0.08

<0.05*
(0.344-0.718) (0.441-0.88)

Values Mean ± SD

(Range of data)

* Highly significant
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LIMITATIONS OF THE STUDY

  The present study is focused only at the effect 
of visual stimuli on the cardiac autonomic frequency 
domain parameters. The study is limited to one 
geographical area and confined to one gender of a 
specific age group.  

SCOPE FOR FURTHER  STUDY

Present study can be expanded in comparing the 
effect of auditory stimulus on the cardiac autonomic 
frequency domain and time domain parameters in a 
various environmental and geographical conditions, in 
other gender, also in different age groups and during 
meditation and yoga which involves closure of eye for 
obtaining more clarity on the relation of these stimuli on 
heart rate variability.

SUMMARY AND CONCLUSION

The parasympathetic component of the cardiac 
autonomic activity increased during the closed eye 
condition  when compared to the open eye condition. It 
signifies that closing eyes for a while might help heart 
by increasing the parasympathetic component  of the 
cardiac autonomic activity. 
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ABSTRACT

The objective of the study was to study the effect of progressive muscle relaxation on cardiovascular autonomic 
functions in offspring of hypertensive parents. A total of 40 normotensive offspring of hypertensives, who were 
participants of relaxation training programme at Bengaluru, were divided into study group and control group 
with 20 subjects in each group by randomization. Initially, the HR, HRV and BP response to mental stress were 
measured in all the subjects. Then the study group underwent twelve weeks of progressive muscle relaxation 
training whereas the control group did not. At the end of twelve weeks, second recording session was held and the 
same parameters were reassessed in all the subjects. Twelve weeks of relaxation training had caused significant 
decline in heart rate reactivity, reactivity values of total power, LF power, reactivity as well as recovery of diastolic 
pressure. The study concluded that twelve weeks of progressive muscle relaxation training significantly reduced 
the cardiovascular autonomic excitatory response to mental stress in offspring of hypertensive parents.

Keywords: Progressive muscle relaxation, cardiovascular autonomic response, mental stressor, Offspring of 
hypertensives.
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INTRODUCTION

Evolutionary pressures over millions of years 
have adapted the sympathetic nervous system as a 
major mediator of the fight or flight response. When 
sympathetic system is used in emergency settings, 
it improves the individual’s chance of survival and 
increases the likelihood that his genes will be passed 
on to the next generation. Increase in the frequency of 
activation of sympathetic system would exact a toll on 
the integrity of the functioning of cardiovascular system, 
more often leading to adverse cardiovascular events. 

The role of mental stress, in the development of 
hypertension, is likely to depend on an interaction of at 
least three factors: the nature of the stressor, its perception 

by the individual, and the individual’s physiological 
susceptibility1. People may become hypertensive not 
just because they are more stressed but because they 
respond differently to the stress2,3. Studies have shown 
that the heightened reactivity, lack of adaptation, and 
delayed recovery occur in the sympathetic system of 
normotensive subjects at genetic risk of hypertension, 
in response to repeated mental stress. These recovery 
impairments may be among the earliest precursors to the 
development of essential hypertension in this population4. 
Since the environment of the subject causing the stress 
could hardly be changed, an attempt was made to change 
the perception of the events and hence the reaction of the 
subject to the particular stimulus. Progressive muscular 
relaxation training is such an effort. Edmund Jacobson 
found that an individual trained in voluntary relaxation 
was able to achieve a neuromuscular tonus while awake 
that is lower than that of light sleep, and that this tonus 
was representative not merely of the muscles but of the 
nervous system as a whole 5,6.

The physical and mental relaxation, as achieved 
through practice, has reproducible physiological effects 
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such as increase in skin resistance, reduction in respiratory 
rate, heart rate, blood pressure, oxygen consumption, 
arterial lactate levels and sympathetic activity and 
this is termed as relaxation response7. The relaxation 
response activates areas in the brain responsible for 
emotion, attention, motivation, and memory (e.g., 
anterior cingulate, hippocampal formation, amygdala) 
and the anxiolytic effects may occur by promotion of 
an inhibitory (GABAergic) tone in specific areas of the 
brain8. Studies have shown that practice of progressive 
muscle relaxation for three months had significantly 
reduced Perceived Stress Scale levels9. We hypothesized 
that twelve weeks of progressive muscle relaxation 
training significantly reduces the cardiovascular 
excitatory autonomic response to mental stress in 
normotensive male offspring of hypertensive parents.

MATERIALS AND METHOD

Ethical clearance was obtained from ethical 
committee of Bangalore Medical College, Bengaluru. A 
total of 40 subjects in the age group of 18 to 30 years, 
were recruited from a premiere relaxation training 
centre situated in Bengaluru. The pre set questionnaire 
was given to the subjects and based on the reply, they 
were recruited for the study. The following criteria were 
stipulated for selection of subjects.

Inclusion criteria:

Healthy male subjects in the age group of 18 
– 30 years with systolic blood pressure <140mmHg 
and diastolic blood pressure <90mmHg were included 
in the study10. Their parents should have been diagnosed 
as having essential hypertension, before the age of 60 
years, from a physician.

Exclusion criteria:

Those who had practiced yoga/meditation earlier, 
highly trained athletes, those who are on chronic 
medication that affects heart rate or blood pressure, 
chronic nicotine or alcohol use and those with diabetes 
mellitus, obesity and other chronic systemic diseases 
were excluded from the study.

The subjects (n=40) were allocated into study (n=20) 
and control group (n=20) by simple randomization 
method using random number table. Purpose and the 
nature of the proposed study were explained to the 
subjects and written consent was obtained from each of 

them. Detailed medical and personal history was taken. 
Thorough physical examination was conducted. Parental 
history of hypertension was confirmed by verification of 
the prescription from the physician.

Experimental Protocol 

The tests were carried out in the training centre 
between 5.00 pm and 7.00 pm. The standards of task 
force of European society of cardiology were followed 
during the recording procedure11. The ECG was recorded 
at rest in the sitting position along with quiet respiratory 
movements for each subject for the period of 5 minutes 
using RMS polyrite D hardware 2.5 equipment. The 
blood pressure was measured at the end of 5 minutes 
using mercury sphygmomanometer.

After 5 minutes of baseline recording, the serial 
subtraction mental arithmetic task was applied to the 
subjects for the next 5 minutes, while the ECG was 
recorded continuously. The mental serial subtraction task 
has been shown to cause sharp increases in cardiovascular 
parameters12. The current study used a serial subtraction 
task adopted from Cacioppo et al13. No consideration 
was given to participant’s math ability. Participants were 
instructed to respond in pace with a metronome set at 
40 beats per minute. When participants did not respond 
in the allotted time, they were told to keep pace with 
the metronome. When an incorrect response was given, 
participants were told wrong and were given their last 
correct number and to continue subtracting from the 
correct number. The blood pressure was recorded at the 
end of 5 minutes. After 5 minutes of mental arithmetic 
task, the subjects were told that the task was over and to 
relax. The ECG was recorded continuously for another 5 
minutes and the blood pressure was recorded at the end 
of 5 minutes. 

After the initial recording session, the study 
group attended progressive muscle relaxation training 
programme. The programme consisted of oriental classes 
explaining the scientific basis and benefits of practicing 
relaxation techniques, followed by training sessions for 
the period of twelve weeks. During the training period, 
the subjects were taught progressive muscular relaxation 
by the experts in training centre, for the period of 30 
minutes per day, 5 days in a week for twelve weeks. 
They were asked to impart these practices in their 
daily activities since the goal of relaxation technique 
is to diminish the distinction between formal relaxation 
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practice and everyday life. The Controls were told about 
benefits of mental relaxation and they were asked follow 
their own way of relaxing methods like reading books, 
listening music for 30 minutes daily for 3 months. 

After the period of twelve weeks, both study group 
and control group underwent final recording session. 
The procedures were same as that of initial recording 
session consisting of baseline recording of BP, HR, and 
HRV at rest in the sitting position, recording during 
mental arithmetic task and during recovery from mental 
arithmetic task.   

Statistical analysis of data 

Frequency domain analysis of RR interval was done 
by HRV analysis V 1.1 software (biomedical signal 
analysis group, Finland). Data was expressed as mean 
± SD. Students paired ‘t’ test and repeated measures 
analysis of variance were used to compare the means 
before and after relaxation training. Friedman test was 
used to find significance in repeated measurements 
of non-normal distributions within each group. Chi 
square test and Fischer’s exact test were used to analyze 
parameters on categorical scale. For all comparisons, 
P<0.05 was considered statistically significant14.

RESULTS

There was no statistically significant differences 
seen in age (p=0.852) and BMI (p=0.929) between 
study and control group. The laboratory mental stressor 
raised all the parameters significantly (p<0.001) from 
their baseline values in both study and control groups 
except HFnu. HFnu decreased significantly during 
mental stress (p<0.001). Following twelve weeks of 
relaxation training, the heart rate response during mental 
stress decreased significantly (p<0.001). The Total 
Power in the power spectral analysis of HRV decreased 
significantly during mental stress (p=0.003). LF power 
decreased in the study group (p=0.043). No significant 
difference was observed with HF, LFnu, HFnu and 
LF/HF. The baseline systolic blood pressure was not 
significantly reduced after relaxation training while the 
reactivity and recovery values decreased significantly in 
the study group (p=0.001 and 0.005 respectively) as well 
as control group (p=0.017 and 0.011 respectively).The 
reactivity and recovery values of diastolic pressure also 
decreased significantly (p=0.001) following relaxation 
training. No significant change was observed in control 
group.

Table no 1: Comparison of Heart rate, Heart rate variability and Blood pressure values between pre and 
post study period in both study and control groups (Expressed as Mean ± SD).

Parameter
Study group Control group Training effect

Pre Post Pre Post Study Control

Mean HR
(beats /min)

A 75.1±3.5 74.3±3.3 72.1±4.1 71.3±4 0.213 0.110

B 82.4±3.9 76.4±3 79.6±3.9 78.7±3.5 <0.001 0.772

C 76.30±5 74.1±3.2 72.9±4.5 71.8±4 0.187 0.569

TP
(ms2)

A 904.7±289.1 886.3±191.4 924.7±180.9 812.5±238.3 0.365 0.679

B 1652.5±494.3 1306.5±333.7 1455.1±440.2 1565±387.8 0.003 0.104

C 941.9±218.2 779.7±225.5 937.7±275.8 845.1±199.4 0.204 0.763

HF
(ms2)

A 177.6±54.9 131.3±33.8 161.9±49.2 140.7±35.1 0.584 0.611

B 216.4±73.4 167.6±41.8 223.6±69 245.7±63.9 0.909 0.239

C 178.9±77.6 124.9±34.9 166.3±64.2 153.8±43 0.697 0.481

LF
(ms2)

A 492.5±153.7 512.6±149 497.5±150.3 426.5±180 0.273 0.123

B 945.6±398.8 802.2±262.2 823.6±347.7 959.2±218.3 0.043 0.079

C 479±193.6 417.3±107.7 473.7±140.9 444.3±123.4 0.241 0.459
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HFnu

A 28.3±9.8 20.9±4.4 25.2±8.1 26.4±7.6 0.146 0.678

B 19.1±5 17.9±4.2 22.3±6.8 20.6±5.1 0.223 0.664

C 28.3±7 23.3±5.8 26.1±7.5 26.4±6 0.506 0.705

LFnu

A 71.7±9.8 79.1±4.4 74.8±8.1 73.6±7.6 0.146 0.678

B 80.9±5 82.1±4.2 77.7±6.8 79.4±5.1 0.223 0.664

C 71.7±7 76.7±5.8 73.9±7.5 73.6±6 0.506 0.705

LF/HF

A 2.9±1.2 4±1 3.2±1 3.1±1.3 0.341 0.638

B 4.7±1.9 4.8±1.1 3.9±1.4 4.1±1.2 0.172 0.236

C 2.7±0.8 3.5±1 3.2±1.3 3±0.9 0.531 0.888

SBP
(mmHg)

A 115.1±6.9 113.2±4.7 114.3±6.1 114.4±5.8 0.565 0.155

B 121.2±7.7 116.4±4.6 120.1±7.4 118±4.9 0.001 0.017

C 120.5±7.7 115.5±5.1 120.7±7.1 116.9±5.2 0.005 0.011

DBP
(mmHg)

A 76.2±5.3 74.4±3.8 77.6±5.7 75.4±4.3 0.267 0.126

B 79.9±5.6 75.9±4.5 80.2±5.5 79.7±4.6 <0.001 0.591

C 80.2±5.3 75.4±4.5 79.4±5.3 78.4±4.7 <0.001 0.255

HR, heart rate;SBP, systolic blood pressure; TP, 
total power; DBP, diastolic blood pressure; HF,  high 
frequency power; HFnu, high frequency power in 
normalized units; LF nu, low frequency power in 
normalized units;A, baseline values; B, reactivity to 
mental stressor; C, recovery from mental stressor;

DISCUSSION

Effect of laboratory mental stressor on HR, HRV 
and BP

The mean heart rate is significantly increased 
during mental stress in both groups. This is attributed 
to increased sympathetic drive coupled with 
parasympathetic withdrawal that occur during stress. 
Total power is increased significantly during stress in 
both groups. Total power in the power spectral analysis 
of HRV is indicative of overall HRV. High HRV is a 
sign of good adaptation to the stressor. High variability 
in offspring of hypertensive parents shows that they 
adapt to the given stress by bringing about necessary 
modulation in the autonomic nervous system15. 
Autonomic modulation of cardiovascular system in 
normotensive people with hypertensive family members 
and that of hypertensives is a continuum. Studies have 
shown that the hypertensives have low TP in response to 
mental stress. The transition occurs over a period of time, 

Cont... Table no 1: Comparison of Heart rate, Heart rate variability and Blood pressure values between 
pre and post study period in both study and control groups (Expressed as Mean ± SD).

from high HRV to low HRV that is, from high to low 
autonomic modulation favoring the hypertensive state. 
LF power increased significantly during stress in both 
groups. Increase in LF is a sufficiently reliable index 
of increased sympathetic activity16. LFnu is increased 
during mental stress showing increased sympathetic 
activity. HF power indicates vagal modulation at SA 
node. In the present study, HF is increased during 
mental stress. Levy MN studied peripheral interactions 
of sympathetic and parasympathetic systems in the heart 
and also found that the sympathetic nerve activity could 
excite parasympathetic fibres thus increasing the vagal 
activity. He termed this as reciprocal excitation17. This 
could explain increase in HF during stress, observed 
in the present study. HFnu is decreased during stress 
in both groups, indicating the dominant sympathetic 
activity during the stressful situation. LF/HF is an 
indicator of sympathovagal balance. Increase in this 
ratio during stress shows that the balance is shifted 
towards sympathetic activity. Systolic and diastolic 
blood pressure increased significantly during stress in 
both groups. Widgren BR et al speculated that such 
increased systolic and diastolic blood pressure responses 
to stress seen in offsprings of hypertensives could 
be related to subsequent development of high blood 
pressure in future18
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Effect of progressive muscle relaxation on 
cardiovascular autonomic response

 The total power decreased significantly after 
relaxation training reflecting preservation of high 
autonomic reserve in the study group. The decrease 
in LF seen in the present study is concurrent with the 
observation made by Lucini et al which indicates that 
the sympathetic activity is decreased after relaxation 
training15. No significant changes could be observed 
with LFnu, HF, HFnu, HF/LF values. Probably, the 
duration of training might not be sufficient enough to 
cause significant changes in these values. The heart rate 
reactivity reduced significantly following relaxation 
training. The baseline systolic blood pressure is not 
significantly reduced after relaxation training while the 
reactivity and recovery values decreased significantly. 
Even in control group, significant decrease in systolic 
pressure could be noted during follow up recording. 
This could be due to familiarization of the subject 
with the environment. Schneider GM et al found that 
impairment of recovery of diastolic pressure might 
be among the earliest precursors to the development 
of essential hypertension in such population4. In the 
present study, we found that the relaxation training 
has significantly reduced the diastolic blood pressure 
during recovery from mental stress test. These findings 
indicate that the relaxation training significantly reduced 
the cardiovascular autonomic excitatory responses to 
mental stress. 

CONCLUSION

The present study has shown that the progressive 
muscle relaxation training significantly reduced heart 
rate reactivity, TP and LF power in HRV analysis, 
reactivity and recovery values of diastolic blood 
pressure, in response to mental stress. All these 
observations indicate that cardiovascular autonomic 
excitatory response is significantly reduced in offspring 
of hypertensive parents. This reduction in excitation of 
autonomic nervous system might offset the development 
of hypertension in offspring of hypertensive parents. 
Long term studies are warranted to prove this benefit.

“Mental calmness is the natural result of physical 
relaxation” – Edmund Jacobson.
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ABSTRACT

Background:- Alcoholic Liver Disease(ALD) is one of the leading social problem arising in the young individuals 
of India.It has a negative impact on both the physical,mental and economic aspects of individuals’ life.

Objectives:- To study the Haematological and Biochemical profiles in 30 ALD patients and 30 controls attending 
KIMS Hospital, Hubballi.

Materials and Method:- The present study was undertaken in ALD patients attending KIMS Hospital Medicine 
OPD No. 40,Hubballi.

Statistical Analysis was done. 

Results:- The mean Hb, RBC count, Platelet count, PCV, MCHC, Total Protein and Albumin were significantly 
decreased while the mean MCV, TLC, Absolute neutrophil and lymphocyte count, Total and Direct Bilirubin, 
Liver enzymes and Derritis ratio were significantly increased in ALD patients (‘P’ value < 0.05). There were no 
significant changes in Lipid profile and Renal Function Test parameters.There were no significant differences (‘P’ 
> 0.05) in the parameters in relation to the duration they taking alcohol.

There was a highly significant correlation between duration of the cases’ alcohol intake and their CAGE 
questionnaire score (‘P’ value < 0.01).

Conclusion:-ALD is one of the leading causes of deaths,more prevalent in the males.ALD damages the liver 
parenchyma and deranges the blood parameters.

Keywords:- alcoholic liver disease;haematological parameters;total protein and albumin;total and direct biliru
bin;aminotransferases;derritis ratio;alkaline phosphatase;CAGE questionnaire.

INTRODUCTION

Alcohol consumption is well entrenched in the social 
fabric of many adult populations, virtually constituting 
a behavioural norm.Sustained excessive alcohol 
consumption is a brain-centred addictive behavioural 
disorder that crosses all boundaries of gender,race,age, 
economic strata and in many patients,might lead to 
alcoholic liver disease (ALD).1,2,3

 The major health risk of alcoholism includes 
liver disease,heart disease,pancreatitis, central nervous 
system disorders and certain forms of cancer.4 

Liver function tests (LFTs) are a group of clinical 
laboratory tests performed to get information about 

the state of patient’s liver.5The assay of liver enzymes 
indicates the intactness of liver and analysis of liver 
metabolites indicates the normal functionality of liver. 
A biochemical clue is the ratio of AST to ALT (2:1 at 
least), reflecting the low level of activity of ALT in 
people with alcoholic liver disease.6 The liver plays a 
crucial role in the synthesis, secretion, catabolism, and 
storage of lipids and lipoproteins.Therefore, the serum 
lipids and lipoproteins concentrations in liver diseases 
could be changed.7-10Generally, the level of plasma lipids 
and lipoproteins tends to decrease with the severity of 
liver disease.11,12 The Haematological tests namely,RBC 
counts,WBC counts,Haemoglobin levels and MCV 
are strong indicators of ALD as reported by several 
researchers.13
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The aim of our present study is to individually study 
the haematolgical and biochemical profiles of all patients 
with ALD and to find out changes in the parameters in 
relation to the duration of their alcohol intake and the 
correlation between the duration of alcohol intake with 
their CAGE scoring.

MATERIALS AND METHOD

The present study was undertaken in 30 ALD 
patients. Ethical approval was taken.

i. Inclusion Criteria :- 

• Male patients,Age > 20 years,History of alcohol 
intake for more than five years duration

iv. Exclusion Criteria :-

• Female patients,Age < 20 years,History of 
alcohol intake since less than five years duration,Known 

case of Diabetes Mellitus, Hypertension, Cirrhosis or 
non alcoholic liver disease (NALD) ,Asthma, Epilepsy 
or any other chronic diseases

The Statistical analysis was done between cases and 
controls using Unpaired Students` t-test.The analysis 
between the groups was done using ANOVA. Lastly, the 
correlation between the duration of alcohol intake and 
CAGE score was found using Pearsons` coefficient.

FINDINGS

The following study is conducted with 30 
cases(Group 0) and 30 controls(Group 1).

ANALYSIS OF PARAMETERS BETWEEN 
CASES AND CONTROLS  (GROUP 0 AND GROUP 
1 RESPECTIVELY)

Table 1 :- The mean, S.D. and ‘P’ value for Hb levels, RBC counts, PCV, MCV,MCH and MCHC :-

Variable
Group 0
(n = 30)
Mean±S.D.

Group 1
(n = 30)
Mean±S.D.

‘P’ value Significance

Hb(g / dL) 8.23±2.712 13.13± 1.167 0.000 VHS

RBC count(millions / μL blood) 3.03 ± 0.850 5.37 ± 0.669 0.000 VHS

PCV(%) 27.23 ± 6.436 44.17 ± 2.653 0.000 VHS

MCV(fl) 107.17 ± 6.131 84.57 ± 2.459 0.000 VHS

MCH(pg) 29.47 ± 4.257 27.77 ± 2.459 0.063 NS

MCHC(%) 30.33 ± 2.682 32.37 ± 0.964 0.000 VHS

Table 2:- The mean, S.D. and ‘P’ value for Absolute Leukocyte Count (Equal variances not assumed are 
used for ‘P’ value) :-

Variable

Group 0
(n = 30)
Mean±S.D.

Group 1
(n = 30)
Mean±S.D.

‘P’ value Significance

Neutrophils (cells/ μL blood) 7461.23 ± 1510.591 4679.00 ± 1218.169 0.000 VHS

Lymphocytes (cells/ μL blood) 3697.63 ± 1338.624 1718.83 ± 419.185 .000 VHS

Table 3 :- The mean, S.D. and ‘P’ value for Total protein, Albumin and Bilirubin (Total and Direct) :-

Variable

Group 0
(n = 30)
Mean±S.D.

Group 1
(n = 30)
Mean±S.D.

‘P’ value Significance

Total Protein (g / dL) 6.30 ± 1.291 6.83 ± 0.648 0.048 S

Albumin (g / dL) 2.67 ± 0.844 4.43 ± 0.504 0.000 VHS

Total Bilirubin (mg / dL) 6.63 ± 8.168 0.63 ± 0.4900 0.000 VHS

Direct Bilirubin (mg / dL) 3 ± 4.495 0.3367 ± 0.0718 0.001 HS
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Table  4 :- The mean, S.D. and ‘P’ value for Liver Enzymes :-

Variable

Group 0
(n = 30)
Mean±S.D.

Group 1
(n = 30)
Mean±S.D. ‘P’ value Significance

AST (U /L) 145.80 ± 17.515 26.70 ± 5.497 0.000 VHS

ALT (U / L) 54.50 ± 8.476 23.83 ± 4.035 0.000 VHS

Derritis ratio (AST : ALT) 2.7294 ± 0.4864 1.1333 ± 0.3457 0.000 VHS

ALP (U / L) 120.93 ± 47.914 58.53 ± 16.423 0.000 VHS

Table  5 :- The mean, S.D. and ‘P’ value for Lipid Profile :-Nothing Significant

Variable
Group 0
(n = 30)
Mean±S.D.

Group 1
(n = 30)
Mean±S.D.

‘P’ value

Total Cholesterol (mg / dL) 148 ± 14.692 150.63 ± 16.992 0.523

Triglycerides (mg / dL) 154.60 ±  20.767 148.90 ±  21.728 0.303

HDL (mg / dL) 27.43 ± 5.494 27.83 ± 5.318 0.775

LDL (mg / dL) 77.63 ± 12.686 78.27 ± 9.120 0.825

Table  6:-The mean, S.D. and ‘P’ value for Renal Function tests:-Nothing Significant

Variable
Group 0
(n = 30)
Mean±S.D.

Group 1
(n = 30)
Mean±S.D.

‘P’ value

RBS (mg / dL) 85.90 ± 23.453 80.13 ± 5.888 0.197

Urea (mg / dL) 23.50 ± 20.577 25.97 ± 4.687 0.525

Creatinine (mg / dL) 1±0.455 1 ± 0.000 1.000

The 30 cases are divided into three groups (Group A, B and C) on the basis of the number of years they have been 
taking alcohol.The Mean and Standard Deviation (S.D.) are calculated for all the parameters in all groups. 

NONE OF THE PARAMETERS SHOWED ANY STATISTICAL SIGNIFICANCE WITH RESPECT 
TO THE DURATION OF THEIR ALCOHOL INTAKE

CORRELATION BETWEEN THE HAEMATOLOGICAL AND BIOCHEMICAL PARAMETERS AND 
DURATION OF THE ALCOHOL INTAKE USING ANOVA

CORRELATION BETWEEN DURATION OF ALCOHOL INTAKE AND CAGE QUESTIONNAIRE 
SCORE

Table 7 :- Cross Tables

Group A Group B Group C Total
CAGE Score 1 5 0 0 5
CAGE Score 2 4 0 0 4
CAGE Score 3 1 5 3 9
CAGE Score 4 4 2 6 12
Total 14 7 9 30
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CONCLUSION

During one year study period from 01- 01- 2014 to 
31- 12- 2014 , 30 cases and 30 controls were studied 
and various parameters were analyzed. Also the cases 
were divided into three groups and the parameters 
were analyzed between the formed groups. Also the 
correlation was found between duration of alcohol 
intake and the CAGE Questionnaire Score of the cases.

A. Haematological Parameters :-

1) Haemoglobin and RBC count :- 

In the present study the mean Hb value of cases and 
controls was 8.23 g / dL and 13.13 g / dL respectively. 
The difference between the groups was very highly 
significant. (‘P’ value < 0.001).

The mean RBC count in the present study was 3.03 
million cells / μL blood for cases while for control the 
value was 5.37 million cells / μL blood , the difference 
being very highly significant. (‘P’ value < 0.001).

Similar observations were made by Neelesh 
Deshpande et al.,14 in a study where they concluded 
depleted Hb and RBC counts between controls and 
compensated cases. However , a study by Luis Costa 
Matos et al.,15 showed no significant difference between 
cases and controls. There was no significant difference 
found in Haemoglobin percentage by a study done by 
Shivam Khare et al.16

PCV and Blood Indices (MCV, MCH and MCHC) 
:-

The mean PCV values were 27.23 % and 44.17 
% for cases and controls respectively with a very high 
significant difference (‘P’ value < 0.001). The MCV 
values` difference was also very highly significant and 
was increased in cases (107.17 fl), a condition called 
MACROCYTOSIS with ‘P’ value < 0.001. The MCH 
values were not significant while the MCHC values 
also showed a very highly significantly difference 
being decreased in cases (30.33 %), a condition called 
HYPOCHROMICITY with ‘P’ value < 0.001.

The observations were concurrent with the findings 
of the study done by Adolf Pfeffrebaum, M.D. et al.,17 

who found significant difference in PCV values of cases 
and controls (‘P’ value < 0.05). 

TLC, Platelet count and Absolute Leukocyte 
Count :-

The present study showed leukocytosis in cases 
with TLC count being 11382.30 cells / μL blood. Also 
there was thrombocytopenia in cases with platelet count 
77151.83 cells / μL blood. The cases showed increased 
absolute count of neutrophils and lymphocyte. All the 
differences were statistically very highly significant wit 
‘P’ value < 0.001. TLC was also elevated in a study by 
Aswad Al.Obeidy18 concluded leukocytosis is a frequent 
and important abnormality in alcoholic hepatitis. In a 
study by Oke Oluesegun Taiwo et al.,19 the platelet count 
was significantly decreased in cases. Weed and Reed 
20 commented that alcohol inhibits platelet production 
from the bone marrow and thus reduce their number.

 The possible explanation for above parameters is 
the fact that alcohol has a variety of pathologic effects 
to the bone marrow resulting in vacuolization of the 
marrow precursor cells causing anemia , leukemia and 
thrombocytopenia. The MCV is frequently elevated in 
alcoholics which may be due to the fact that vitamin 
B12 and folate are poorly absorbed and / or utilized in 
alcoholism during erythropoiesis and hence results in 
defects in RBC maturation with subsequent increase 
in the size of RBC (macrocytosis).21 Also , the ALD 
patients are very susceptible for acute and acute on 
chronic infection and thus absolute counts of  neutrophils 
and lymphocytes are increased.

B. Biochemical Parameters :-

1) Liver Function Tests :- (Protein and 
Bilirubin) :- 

The present study showed hypoproteinemia and 
hypoalbuminemia amongst cases with a mean total 
protein value of 6.3 g / dL and total albumin value of 
2.67 g /dL. There was hyperbilirubinemia in cases and 
the mean total bilirubin was 6.63 mg / dL and direct 
bilirubin was 3 mg / dL. The differences were statistically 
significant with ‘P’ value < 0.05 for total protein ; ‘P’ 
value < 0.001 for albumin and total bilirubin and ‘P’ 
value < 0.01 for direct bilirubin. The abnormalities can 
be explained with regards to defects in synthesizing , 
uptake and excretory function of liver.

Similar observations were made by M Adak et al.,22 

where the differences were statistically significant (‘P’ 
value < 0.001 for total protein, total and direct bilirubin 
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and ‘P’ value < 0.01 for albumin).

Liver Enzymes and Derritis Ratio :- 

The presnt study showed mean values of AST, 
ALT and ALP as 60.07 U/L, 56.37 U/L and 120.93 U/L 
respectively for cases and the difference was very highly 
significant with ‘P’ value < 0.001. The Derritis ratio 
(AST : ALT) ratio was 2.72 for cases and the ‘P’ value 
was < 0.001.

In a study by Prasad P. Torkadi et al.,23 similar 
observations for found with regards to the three 
enzymes. In a study by Manisha Arora et al.,24

the AST , ALT and their ratio showed similar findings 
with ‘P’ value < 0.001. The elevation in ALT was not 
as high as AST. They concluded that this reflected the 
diminished hepatic activity of these enzymes which 
made them to leak into the serum from the damaged 
hepatocytes.25 

There were no studies in regards to negative 
correlation with the above findings.

Lipid profile:- The present study showed no 
significant changes in the Lipid profile parameters (‘P’ 
value > 0.05) and they were within normal limits in both 
cases and controls.The probability might be the lesser 
duration of alcohol intake of five years considered here 
which might not have resulted in damaging liver cells 
extensively so that there could be derangement in the 
lipid profile.

In the present study there was no significant 
correlation between changes in lipid profile parameters 
and duration of their alcohol intake and no studies found 
in supporting it.

4) Renal Function Tests (RFT) :-

The present study showed no significant changes in 
the Renal Function Test (RFT) parameters (‘P’ value > 
0.05) and they were within normal limits in both cases 
and controls.

The present study showed no significant correlation 
between changes in RFT parameters and duration of the 
alcohol intake of the cases and no studies were found for 
the same.

C. Correlation between Duration of Alcohol 
Intake and the CAGE questionnaire score :-

In the present study, the 30 cases were divided on 
the basis of the duration of their alcohol intake and their 
CAGE questionnaire score and the cross tables drawn. 
On applying Chi – Square analysis, it was found that the 
‘r’ value was 0.556 and there exists a highly significant 
correlation between the two parameters (‘P’ value < 
0.01).
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ABSTRACT

Background:  Reaction time is the time taken by an individual to react to a stimulus. It is an indirect index of 
processing capabilities of the Central Nervous System and is affected by various factors.

Aims & Objective: The present study was conducted to assess the effect of Body Mass Index on Auditory and 
Visual reaction time in healthy young males (17 - 25 yrs.) with the help of Audiovisual reaction time by standard 
machine.

Method:- 120 healthy young male subjects were randomly selected.Subjects were divided into 3 groups according 
to their body mass index:- 

Group 1:- Normal (BMI 18.5 – 24.99 kg/m2)

Group 2:- Underweight (BMI < 18.5 kg/m2)

Group 3:- Overweight (BMI > 25 kg/m2) 

Results:- Auditory Reaction Time (ART) and Visual Reaction Time (VRT) assessed by using one – way ANOVA 
with post – hoc Tukey’s HSD test. Both Auditory Reaction Time and Visual Reaction Time were prolonged and 
highly significant (p<0.0001) in group 2 and group 3 in comparison to group 1.

Conclusion:-Overweight & obesity both play a significant role in ones Audiovisual reaction time.

Keywords:- Auditory Reaction Time, Body Mass Index, Visual Reaction Time.
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INTRODUCTION

In the present day scenario humans have developed 
fast  response to stimuli due to excessive use of video 
games ,mobiles  screen.

Audiovisual reaction time is the speed, with which 
a person can respond to an auditory stimulus and visual 
stimulus respectively8. It provides an indirect index of 
the processing capability of the central nervous system 
and also a simple means of determining sensory – motor 
performance4.It determines the alertness of a person 

because how quickly a person responds to a stimulus 
depends on his reaction time. 

Reaction time has physiological significance and is 
a simple and non invasive test for peripheral as well as 
central neural structures. Reaction time becomes  crucial 
for survival during driving, adventurous sports,etc. and 
is an important quality of a sportsperson. Reaction time 
measurement includes the latency in sensory neural code 
traversing peripheral and central pathways, perceptive 
and cognitive processing, a motor signal traversing both 
central and peripheral neuronal structures and finally 
the latency in the end effector activation (i.e. muscle 
activation). So any change in reaction time indicates 
presence of a peripheral and/or central disturbance.

Reaction time is affected by number of factors 
such as Age, Gender, Exercise, Left v/s Right Hand, 
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Fatigue etc. Studies have shown that Body Mass Index 
(BMI) calculated as Weight (Kg) divided by square of 
Height (m2) influences cognitive functions, attention and 
memory3 Therefore present study was designed to find 
out whether BMI affects auditory and visual reaction 
time.

MATERIAL AND METHOD

The present study was conducted in the  Department 
of Physiology, MG Medical College& Hospital, 
Jaipur after getting approval from institutional ethical 
committee. For the study, 120 normal, healthy males 
(17 – 25 yrs.)  were taken and categorized into 3 groups 
according to their Body Mass Index (BMI). 40 subjects 
were taken in each group.

BMI is calculated by Weight (Kg) / Height (m2). 
Height was measured with subject standing barefoot, 
feet together, eyes looking straight ahead and back in 
contact with measuring bar of stadiometer. Body weight 
recorded by a digital weight scale barefoot and with light 
clothes. Then the subjects were divided into 3 groups 
according to WHO criteria of BMI:-

Group 1:- Normal (BMI 18.5 – 24.99 kg/m2)

Group 2:- Underweight (BMI < 18.5 kg/m2)

Group 3:- Overweight (BMI > 25 kg/m2) 

Inclusion Criteria:The present study included 
healthy males free of any systemic ailments. Age: 
17-25 years.

Exclusion Criteria:-Subjects having history of 
any kind of systemic disorders, untreated visual & 
auditory disease, any neuromuscular disorder, sleep 
disorder, excessive fatigue & fasting ,any kind of 

alcohol addiction.Also the subjects which are on any 
kind of medications  which may affect reaction time.

Reaction time  was recorded with the help of 
Audiovisual Reaction Time Apparatus, supplied by 
Medisystem,Yamunanagar , Haryana. It had a display 
accuracy of 100%. The apparatus has two modes of 
providing stimulus – Auditory and Visual. Auditory 
reaction time was recorded for low frequency sound 
stimuli and Visual reaction time recorded for Red light. 
Subjects were asked to have adequate sleep at night, to 
avoid any kind of medication during study period and to 
come in the department between 8 AM to 10 AM after 
having light breakfast.

Subjects were asked to respond the stimuli by 
pressing the response key with the index finger of their 
dominant hand. The display indicated the reaction time. 
After familiarizing the subjects with the instrument and 
after repeated practices, three readings for each stimuli 
were taken. The interval between the two successive 
stimuli was randomly varied from 2 to 5 seconds. The 
least reading of the three was taken as the value for 
reaction time task. The results expressed as mean ± 
standard deviation. Data was analyzed using one way 
ANOVA with post –hoc Tukey’s HSD test. p< 0.05 was 
taken as cut off for the measure of significance.

RESULTS

In the present study, BMI was significantly (p 
< 0.0001) different among the three study groups 
(Table-1). There was prolongation of ART and VRT 
in underweight as well as overweight groupswhen 
compared to normal group. Results were significant (p 
< 0.0001) for both ART and VRT.

Table -1: Anthropometric parameters, Auditory Reaction Time and Visual Reaction Time of study 
subjects.

PARAMETER
 GROUP 1
 Normal
  (n=40)

GROUP 2
Underweight
(n=40)

GROUP 3
Overweight
(n=40) p -value

HEIGHT (m) 1.73 ± 0.070 1.66 ± 0.049 1.74 ± 0.055 < 0.0001*

WEIGHT (Kg) 64.76 ± 8.21 45.72 ± 3.13 83.59 ± 10.25 < 0.0001*

BMI (Kg/m2) 21.41 ± 1.71 16.59 ± 0.84 27.68 ± 2.52 < 0.0001*

ART (Seconds) 0.138 ± 0.01 0.173 ± 0.02 0.164 ± 0.02 < 0.0001*

VRT (Seconds) 0.167 ± 0.01 0.191 ± 0.02 0.185 ± 0.03 < 0.0001*

* Highly Significant
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VRT: Visual Reaction Time; ART: Auditory 
Reaction Time.

Graph 1

Graph 2

DISCUSSION

Reaction Time is the interval between the onset of a 
stimulus and the commencement of a movement response 
9. Reaction time can be further broken down into three 
parts. The first part is perception time – the time for the 
application and perception of the stimulus and giving the 
essential reaction to it. The second part is decision time, 
which signifies the time for giving a suitable response 
to the stimulus. The third part is motor time, which is 
the time for compliance to the order received15.Reaction 
time as being composed of four stages, namely: the start 
of eye movements, eye movement time, decision time 
and muscle contraction time12.

In present study, the reaction times were longer for 
the responses to the visual stimuli than for the responses 
the auditory stimuli. The cause of the visual reaction 
time being greater than auditory reaction time was not 
very clear, although almost all of the researches which 
were done on reaction time had reached the same 
conclusion10.

Most likely it was due to the fact that the visual 
reaction time involved chemical changes in its 
occurrence.  Also, the visual pathway involved many 
collateral pathways to various association areas and 
hence, a greater delay in the comprehension of the 
visual stimulus, as it was interpreted in a more complex 
and an elaborate fashion. There could have some degree 
of difference in the type of receptor and the manner in 
which the receptor got stimulated  i.e. the retina versus 
the organ of corti.

In contrast,another study found that the auditory 
reaction time was greater than visual reaction time and 
they rationalized that the auditory pathway must be 
more polysynaptic as compared to visual pathway11. 
The reaction time is an important component of the 
motor movements. In the present study, both ART and 
VRT were increased and statistically significant in 
underweight and overweight individuals when they were 
compared to the normal BMI group.

Overweight and obesity, indicated by Body Mass 
Index have been found to be associated with a host of 
medical conditions. Neurophysiological studies have 
shown brain regions involved in cognition, memory, 
vocabulary, speed processing and reasoning are 
influenced by BMI4

The vascular disease is likely to underlie the 
association between obesity and cognition, because 
obesity is a risk factor for the vascular disease, which 
in turn, is related to a higher risk of the cognitive 
impairment. Other hypotheses which have been made 
on the underlying mechanisms concern the secretions 
of the adipose tissue such as hormones, cytokines and 
growth factors that can cross the blood-brain barrier and 
affect the brain health.

Similar study by13 showed longer reaction time 
in overweight subjects. Different neurophysiological 
studies have shown influence of obesity and elevated 
body mass index on cognitive functions, memory 
deficits and executive dysfunction in young as well as 
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middle aged individuals. Theyobserved that in elderly, 
the association between underweight and the cognitive 
functions was likely to be the result of a preclinical 
dementia5.

Our results on the cross sectional associations 
between underweight and cognition in the early midlife 
were consistent with this hypothesis. Underweight could 
be a result of poor health.  A further possibility is that 
the underweight persons experience a dysregulation 
in the hormone secretion which corresponds to that in 
anorexia, that results in cognitive disorders6.

Some studies have shown that Psychiatric disorders 
such as Obsessive-Compulsive disorder, Schizoid 
Personality disorder and Asperger’s disorder are 
associated with a low body mass index, which may 
be the result of neuroendocrine dysfunction and/or 
disturbed eating behaviours.7

CONCLUSION

This study reveals about different duration of ART 
& VRT in relation to body mass index.Both the reaction 
time were prolonged in obese & underweight group 
compared to normal BMI group.Statistically significant 
difference was observed among the three groups.

Further studies on the larger group may help us to 
unleash the underlying mechanism for the difference in 
values of ART & VRT.
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ABSTRACT

Objective: To correlate the heart rate changes to intraocular pressure before and after leg press exercise

Method: Healthy young male adults in the age group of 18-22 years were selected among general population. 
Sample size was 40. Heart rate and intra ocular pressure (IOP)  were recorded at rest and after isometric leg press 
test.

Results: Leg press predictably raised Heart rate(from74±8.9 to 89.5±7.4;p<0.05) and reduced IOP  (from 
15.1±1.91 to11.6±1.95;p<0.05)Heart rate is significantly and negatively correlated with IOP(Pearson’s correlation 
coefficient, r= -0.352).

Conclusion: Isometric leg press exercise induces raise in  heart rate and simultaneously lowers IOP which were 
significant. Hence may prove useful in normotensive glaucomatous patients

Keywords:  Heart rate, Intraocular pressure, Leg press dynamometer.

INTRODUCTION

Glaucoma is chronic progressive optic neuropathy 
caused by a group of ocular conditions which lead to 
damage to optic nerve with loss of visual function.Most 
common risk factor is raised intraocular pressure(1,4,5). 
Relationship between isokinetic exercise & IOP showed 
significant lowering of IOP after exercise.(2,3)

Study of  IOP after isometric exercise of  large bulky 
muscles of leg has not yet been carried out.

AIMS & OBJECTIVE

To correlate the heart rate changes to intraocular 
pressure before and after leg press exercise.

MATERIALS AND METHOD

Fourty healthy young male adults in the age 
group of 18-22 years with BMI of 18-22.9kg/m2 were 
selected fromgeneral population. Heart rate and IOP  
were recorded at rest and after isometric leg press 
test. Subjects withpre-existing refractive error, acute 
and chronicconjunctivitis, glaucoma, migraine were 
excluded from study.(7)

Materials: • Schiotz  tonometer

• Back - Leg lift dynamometer

• Power lab ECG.            

Parameters

Study was carried out in physiology department

• Intraocular pressure in mm hg in supine position 
using standard steps.

• Weight in kilogram & height in meters were 
measured. BMI=Weight in kg/height in meter2 was 
calculated to group them as normal weight.  

• Heart rate

• Maximum voluntary contractions(MVC) was 
assessed and subjects were asked to carry out endurance  
isometric exercise at 40%  of their MVC

Study method –It is a prospective study. 

Ethical clearance was obtained from  
institutionalethical committee. Prior to the procedure 
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written and informed consent was obtained from all the 
subjects.

The exercise was performed in a well-ventilated 
room. Participants were instructed not to consume 
beverages  nor a heavy meal in previous 4 hours or 
participate in any vigorous activities 24 hour before 
test.

Isometric endurance contraction at 40% of the 
individuals MVC was  executed with back-leg lift 
dynamometer.

In order to minimize the bias of diurnal variations 
of IOP and other parameters, the studies were conducted 
between 3pm to 4pm.

At the reporting time subjects were asked to relax 
in supine position for 5min. Baseline IOP was recorded. 

Subjects executed MVC contractions of 1second 
duration at 1 minute intervalfor3times.Maximum of 
these is considered as their MVC .Then endurance 
contraction at 40% of their MVC is made. Intraocular 
pressure and Heart rate were measured in supine 
position  immediately (within 30 sec), at five, at ten, at 
fifteen minutes after exercise. 

STATISTICAL ANALYSIS

Mean and Standard deviation  was calculated for 
isometric leg press  exercise test in young adults. Paired 
t-test was applied at 5% level to test the significance of 
changes in above parameters(Using Epi-Info)  Microsoft 
Excel and EPI-INFO package were used for data entry 
and statistical analyses respectively.

Correlation was calculated using Pearson’s 
correlation test.

RESULTS

Table 1:  Changes in Heart rate ,Right &Left Intraocular pressure.

Heart rate Right eye IOP Left eye IOP

Baseline 74.0500  ±    8.96989 15.1350   ±    1.91506 15.2150  ±  1.93941

Immediate 89.5000  ±    7.39369 11.6200   ±    1.95136 11.1900   ±  1.92791

After 5min 90.0250  ±    8.29423 13.1475   ±    2.24316 12.8525   ±  2.00985

10 min 83.2000  ±    7.89092 14.7025   ±    1.94719 14.4850   ±  1.74907

15min 76.5250  ±    8.92127 15.0350    ±   1.92388 15.1400   ±  1.84916

p value <0.05 <0.05 <0.05

Leg press predictably raised Heart rate(from74±8.9 
to 89.5±7.4;p<0.05)& reduced IOP  (from 15.1±1.91 
to11.6±1.95;p<0.05).Heart rate is significantly & 
negatively correlated with IOP(Pearson’s correlation 
coefficient ,r= -0.352.

DISCUSSION

• Rise in heart rate has been suggested to be 
mediated primarily by the central command which 
is related to number of motor units activated and  to 
reflex effects from active muscle mechanoreceptors.  
Inhibition of inhibitory cardiac vagal nerve activity also 
contributes. (8)

•  Isometric leg press exercise stimulate ocular 
sympathetic nervous system to increase the facility 
of outflow and thus decreases IOP.  Also epinephrine 
stimulates synthesis of cAMP.  Activation of cAMP  

decreases IOP by decreasing aqueous humour 
production.(6,9)

• Also  After leg press exercise there is rise in 
blood lactate levels. Increased  Lactate levels causes 
outflux of water from eye which is responsible for fall in 
IOP.

CONCLUSION

Isometric leg press exercise induces raise inheart rate 
and simultaneously lowers IOP and both were significant. 
Hence may prove useful in  normotensiveglaucomatous 
patients.
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ABSTRACT

Aims and Objectives:- To collect substantial amount of data relating to physical fitness in elderly peoples. 

Materials and Method:- The total sample size was conducted on a randomly selected 110 (84 male and 26 
female) apparently healthy subjects of 60 years and above age group belonging to both the sexes. The sample 
conducted by Department of Physiology and Department of Cardiology, S.N. Medical College, Agra. Breath 
Holding Time is measured by stop watch. The subject was asked to take a quiet inspira tion, and hold it as long as 
possible. Duration of breath holding was measured by stop watch. 

Result:- In elderly men (60+) the average breath holding time (BHT) was 28.20 ± 8.51/sec and in elderly women 
(60+) 26.11 ± 6.63 sec.  

Conclusion:-Breath holding time shows a declining pattern with age in all the age groups of men which is 
statistically significant (p < 0.5). However, in women although the BHT also shows an apparent declining pattern 
with age in all age groups but the relationship is statistically insignificant (p > 0.05). These findings may be 
helpful for cardiologist with maximum safety and minimum mortality and morbidity or clinicians in reaching the 
appropriate diagnosis and data relating to physical fitness in elderly peoples. 

Keyword:- Stop watch, Indian  population.

INTRODUCTION 

Breath holding is advised to be practised with 
clotting nostrils by pinching them index finger and ring 
fingers andapplying  three  bandhous  of  jalandhara  
(fiding  chain  in jugulas  notch,  uddiyan  (diaphragm  
control)  and  nvla (contraction  of  perinicum).  Such 
elaborate empirical directions seem to indicate that 
these practices should result in some  cardio  respiratory  
parameters.  Similarly, the beneficial effect of negative 
breath holding is expounded by Dr, Brena in his excellent 
book ‘yoga and medicine claim is made but strength of 
an elephant can be developed by practice of pranayam1

(Steven F.Brena, 1972).

 It is likely that heart  rate and blood Pressure change 
during abdominal  exercise  because  large  muscle  Co  
contractions are  involved,  that the  exercises  are  
expected  to increase intra-abdominal pressure (IAP), 

and that some  individuals  may  breathe  hold  during  the 
exercises3.5.  Prior  research 4,5  has reported  potentially  
injurious  blood  pressure elevations  of  up  to  345/245  
during  traditional weight-resistance  exercises  such  as  
the  squat. Consequently,  it  is  of  clinical  importance  
to determine  the  hemodynamic  response  to common  
abdominal  exercises  during  the  actual exercises

Controlling the breath cannot come easily unless 
one practices and develop capacities for full utilisation 
of available oxygen in each breath. By practicing breath 
control one may develop greater tolerance by checking 
respiratory stimulation as well as developing capacities 
for fuller utilisation of available oxygen in each breath2

(Derikachan,1980).

Breathing techniques are very specialized, because 
even athletes within the same sport, but competing in 
different events, have different breathing  requirements.  
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Unlike distance runners, sprinters aren’t aiming for 
aerobic fitness. “Someone who runs the 100 meter dash 
may want to take one breath and go (Bill Dellinger, 
1964).

MATERIAL AND METHOD

The present study sample size was conducted on a 
randomly selected 110 (86 male,26 female) apparently 
healthy subjects of 60 years and above age group 
belonging to both the sexes. The sample size conducted 
by Department of Physiology and Department of 
Cardiology, S.N. Medical College, Agra. Breath 
Holding Time measured by the stop watch in seconds. 
The subject was asked to take a quiet inspira tion, and 
hold it as long as possible. Duration of breath holding 
was measured by stop watch. Three readings were taken. 
Best of the three was taken for record.

1. The survey was conducted at Sheesh Mahal 
Teela, Taj Garden, Motilal Nehru Garden and Company 
Garden in Agra. Before assessment of various 
cardiorespiratory function tests a careful record of 
both sex and history of any cardiorespiratory distress 
of each subject was made on a predesigned preformat. 
At the same time their chest and heart were thoroughly 
auscultated for any apparent cardiorespiratory distress.

2. Those subjects on whom any suspicion of 
cardiorespiratory pathology was suspected, or were 
on any antihypertensive medicine, of any chronic 
respiratory disease, were not included in the survey 
study.

OBSERVATION 

The present study of evaluation of cardio-respiratory 
functional ability in elderly age group was conducted 
with the objective to determine the effect of male and 
female in elderly population, affect these parameters. 
Under this endeavor, very simple multi dimensional 
group of various cardiorespiratory function tests 
comprising of breath holding time, was carried out 
and studied compare with male and female in elderly 
population, showing tableno.1

The above outcome of respiratory function tests 
of the present study happen to be consistent with the 
findings of earlier studies (Bhargava et al 19736 ; 
Kannel, Helen Hubert and Lew, 19827; Lam et-al., 19838

Meenakshi, 19849; Douglas et al.,1985) but the findings 

are at variance with the findings of Ayub, Zaidi and 
Burki (1987)10 and Pathak and Mehrotra (1989)11. Ayub, 
Zaidi and Burki (1973)10 in their similar study concluded 
that in Pakistani men maximal respiratory flow rates did 
not correlate with age, however, in Pakistani women 
there was a significant correlation of maximal flow rates 
with age. Pathak and Mehrotra et al. (1989)11 in their 
study “Pulmonary Functions of Elderly Indian Subjects” 
concluded a declining pattern of vital capacity with age 
but the decline was not uniform.

Though a number of workers have reported the 
respiratory parameters on Indians, most of the data 
are on much younger age groups and especially on 
students. Amongst the reported data available on 
elderly population, our values are much closer to the 
values obtained by Pathak and Mehrotra et al. (1989)11

who studied the respiratory function tests in elderly 
population of Bombay and Bhargava et al. (1973)6

who conducted the respiratory function tests in elderly 
subjects in Bhopal.

The findings of our study are much lower as 
compared to European contemporary subjects reported 
by Dreyer et al12 .

Deterioration of respiratory function tests with 
age might be the resultant effect of a number of factors 
including the deterioration in the lung tissue; a reduction 
in the strength of the respirator muscles and an increase 
in stiffness of the thoracic cage. The intrapulmonary 
changes are probably partly due to an impairment of 
the nutrient blood supply from the bronchial arteries; 
a diminished permeability of cell membrane and an 
alteration in the molecular structure of the collagen 
and other tissue, collagen fibers increase in number and 
change in quality with age.

The changes are likely to have the effect of 
increasing the rigidity and reducing the tensile strength 
of the tissue as well as of reducing both the viability of 
the cells and their recuperative powers. The time course 
of these manifestations of the process of ageing varies 
from one individual to another and also in male and 
female sexes.  The ethnic difference between the Indians 
and others may be aggravated by damages caused by 
exposure to polluted atmosphere, low socio-economic 
status, genetic differences, body built and other climatic 
variables.

Greater decline in respiratory function tests in 
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tobacco addicts again enjoys a massive support from 
other workers (Donald I. Peterson et al., 196813; 
George W. Gomstock et al., 197014; Lower and Khosla, 
197215), In their separate work on effect of smoking 
and respiratory function tests, these workers have also 
reported a declining pattern in respiratory function tests 
in tobacco addict. Similar studies were conducted by 
Carl C, Seltzer et al. (1974)16, Manfeda et al. (1982)17, 
Damodar et al. (1983)18, Douglas et al. (1985)19 and they 
also reported a declining lung function tests in chronic 
smokers.

RESULTS

In elderly men (60+) the average breath holding time 
(BHT) was 28.20 ± 8.51/sec and in elderly women (60+) 
26.11 ± 6.63 sec.  Breath holding time shows a declining 
pattern with age in all the age groups of men which is 
statistically significant (p < 0.5). However, in women 
although the BHT also shows an apparent declining 
pattern with age in all age groups but the relationship is 
statistically insignificant (p > 0.05).

Table-1: Comparative evaluation of breath 
holding time of total number of    male   and female 
subjects   studied   (N  =   110)

Sex No. Mean± S.D.

Male 84 28.20 ± 6.63

Female 26 26.11 ± 6.63

 t   = 1.39 P >0.05

CONCLUSION

Breath holding time shows a declining pattern with 
age in all the age groups of men which is statistically 
significant (p < 0.5). However, in women although the 
BHT also shows an apparent declining pattern with 
age in all age groups but the relationship is statistically 
insignificant (p > 0.05). These findings may be helpful 
for cardiologist with maximum safety and minimum 
mortality and morbidity or clinicians in reaching the 
appropriate diagnosis and data relating to physical 
fitness in elderly peoples. 
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ABSTRACT

Background:- Audiovisual reaction time is  time taken by individual to react to auditory and visual stimulus. 
Body Mass Index influences cognitive functions, attention and memory and hence the reaction time.

Objectives:- To find out the Relation between low body mass index (< 18.5 kg/m2) and Audiovisual reaction time 
and high body mass index (>25 kg/m2) and audiovisual reaction time.

Method:- Study was conducted in department of Physiology, Mahatma  Gandhi Medical College , Jaipur. 40 
subjects of normal Body Mass Index (18-24.99KG/M2) were control, 40 subjects with Body Mass Index (BMI) 
lower than 18kg/m2 and 40 subjects with Body Mass Index higher than 25kg/m2, were cases. Audio visual 
reaction times were recorded with the help of audiovisual reaction time apparatus supplied by Medisystem, 
Yamunanagar. Time taken by subjects to respond to both stimuli was noted in each of the three groups. 

Result:- In high BMI group, p value for Audio Reaction Time was <0.01 and Visual reaction time, p valve  
<0.001 .In low BMI group,  Audio Reaction Time p valve was <0.001 and for Visual Reaction Time p valve was 
<0.001.

Conclusion:- • Visual reaction time is longer than Audio reaction time in each group,

• Audio reaction time and Visual reaction time both were prolonged and statistically significant in groups with 
high BMI and low BMI in comparison to group with Normal BMI.

Keywords:- Auditory Reaction Time, Body Mass Index, Visual Reaction Time.
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INTRODUCTION

Audiovisual reaction time is the speed, with which 
a person can respond to an auditory stimulus and visual 
stimulus respectively1. It provides an indirect index of 
the processing capability of the central nervous system 
and also a simple means of determining sensori – motor 
performance2. It determines the alertness of a person 
because how quickly a person responds to a stimulus 
depends on his reaction time. 

Reaction time has physiological significance and is 
a simple and non invasive test for peripheral as well as 
central neural structures. Reaction time can be a crucial 

value in activities like driving and is an important quality 
of a sportsperson. Reaction time measurement includes 
the latency in sensory neural code traversing peripheral 
and central pathways, perceptive and cognitive 
processing, a motor signal traversing both central and 
peripheral neuronal structures and finally the latency 
in the end effector activation (i.e. muscle activation). 
So any change in reaction time indicates presence of a 
peripheral and/or central disturbance.

Reaction time is affected by various factors such 
as Age, Gender, Exercise, Left v/s Right Hand, Fatigue 
etc. Studies have shown that Body Mass Index (BMI) 
calculated as Weight (Kg) divided by square of Height 
(m2) influences cognitive functions, attention and 
memory3,4,5. Therefore present study was designed 
to find out whether BMI affects auditory and visual 
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reaction time.

MATERIAL AND METHOD

The present study was conducted in the Department 
of Physiology, Mahatma Gandhi Medical College, 
Jaipur after getting approval from institutional human 
ethical committee. For the study, 120 normal, healthy 
volunteers (17 – 25 yrs.)   were taken and categorized 
into 3 groups according to their Body Mass Index 
(BMI). 40 subjects were taken in each group.

BMI is calculated by Weight (Kg) / Height (m2). 
Height was measured with subject standing without 
shoes, feet together, eyes looking straight ahead and 
back in contact with measuring bar of stadiometer. Body 
weight recorded by a digital weight scale without shoes 
and with light clothes. Then the subjects were divided 
into 3 groups according to WHO criteria of BMI:-

Group 1:- Normal (BMI 18.5 – 24.99 kg/m2)

Group 2:- Underweight (BMI < 18.5 kg/m2)

Group 3:- Overweight (BMI > 25 kg/m2) 

Inclusion Criteria:

• Age: 17-25 years, healthy Individuals who 
volunteered for the study after written consent.

Exclusion Criteria:-

• Any acute and chronic illness ,for example 
hormonal disorders , diabetes , cardiovascular disorders 
etc.

• Any untreated visual or auditory problems.

• Any neuromuscular disorders.

• Taking any drugs which affect reaction time, for 
example physcotropic drugs, sedatives etc.

• Sleep disorders.

• Excessive Fatigue/Fasting.

• Smoking/Alcohol.

Reaction time was recorded with the help of 
Audiovisual Reaction Time Apparatus, supplied by 
Medisystem ,Yamunanagar , Haryana. It had a display 
accuracy of 100%. The apparatus has two modes of 
providing stimulus – Auditory and Visual. Auditory 
reaction time was recorded for low frequency sound 
stimuli and Visual reaction time recorded for Red light. 
Subjects were asked to have 8 hrs sleep at night, to avoid 
any kind of medication during study period and to come 

in the department between 8 AM to 10 AM after having 
light breakfast.

Subjects were asked to respond to the stimuli by 
pressing the response key with the index finger of their 
dominant hand. The display indicated the reaction time. 
After familiarizing the subjects with the instrument and 
after repeated practices, three readings for each stimuli 
were taken. The least reading of the three was taken as 
the value for reaction time task. The results expressed as 
mean ± standard deviation. Data was analyzed using one 
way ANOVA with post –hoc Tukey’s HSD test. p < 0.05 
was taken as cut off for the measure of significance.

RESULTS

In the present study, BMI was significantly (p 
< 0.0001) different among the three study groups 
(Table-1). There was prolongation of ART and VRT 
in underweight as well as overweight groups when 
compared to normal group. Results were significant (p 
< 0.0001) for both ART and VRT.

DISCUSSION

Reaction Time is the interval between the onset of a 
stimulus and the commencement of a movement response 
6. Reaction time can be further broken down into three 
parts. The first part is perception time – the time for the 
application and perception of the stimulus and giving the 
essential reaction to it. The second part is decision time, 
which signifies the time for giving a suitable response to 
the stimulus. The third part is motor time, which is the 
time for compliance to the order received7. Singer et al 8

defined reaction time as being composed of four stages, 
namely: the start of eye movements, eye movement 
time, decision time and muscle contraction time.

In our study, the reaction times were longer for the 
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responses to the visual stimuli than for the responses 
the auditory stimuli. The cause of the visual reaction 
time being greater than auditory reaction time was not 
very clear, although almost all of the researches which 
were done on reaction time had reached the same 
conclusion9,10.

Most likely it was due to the fact that the visual 
reaction time involved chemical changes in its 
occurrence.  Also, the visual pathway involved many 
collateral pathways to various association areas and 
hence, a greater delay in the comprehension of the 
visual stimulus, as it was interpreted in a more complex 
and an elaborate fashion. There could have some degree 
of difference in the type of receptor and the manner in 
which the receptor got stimulated  i.e. the retina versus 
the organ of corti.

In contrast, Shenvi et al11; found that the auditory 
reaction time was greater than visual reaction time 
and they rationalized that the auditory pathway must 
be more polysynaptic as compared to visual pathway. 
The reaction time is an important component of the 
motor movements. In the present study, both ART and 
VRT were increased and statistically significant in 
underweight and overweight individuals when they were 
compared to the normal BMI group.

 Overweight and obesity, indicated by Body Mass 
Index have been found to be associated with a host of 
medical conditions. Neurophysiological studies have 
shown brain regions involved in cognition, memory, 
vocabulary, speed processing and reasoning are 
influenced by BMI2.

Gunstad J et al2 showed the relationship between 
the elevated BMI values and the reduced cognitive 
performance.

The vascular disease is likely to underlie the 
association between obesity and cognition, because 
obesity is a risk factor for the vascular disease, which 
in turn, is related to a higher risk of the cognitive 
impairment. Other hypotheses which have been made 
on the underlying mechanisms concern the secretions 
of the adipose tissue such as hormones, cytokines and 
growth factors that can cross the blood-brain barrier and 
affect the brain health.

Similar study by Skurvydas A. et al12 showed 
longer reaction time in overweight subjects. Different 

neurophysiological studies have shown influence of 
obesity and elevated body mass index on cognitive 
functions, memory deficits and executive dysfunction in 
young as well as middle aged individuals13,14.

Gustafson14 observed that in the elderly, the 
association between underweight and the cognitive 
functions was likely to be the result of a preclinical 
dementia. Our results on the cross sectional associations 
between underweight and cognition in the early midlife 
were consistent with this hypothesis. Underweight could 
be a result of poor health15; a further possibility is that 
the underweight persons experience a dysregulation 
in the hormone secretion which corresponds to that in 
anorexia, that results in cognitive disorders15.

Some studies have shown that Psychiatric disorders 
such as Obsessive-Compulsive disorder, Schizoid 
Personality disorder and Asperger’s disorder are 
associated with a low body mass index, which may 
be the result of neuroendocrine dysfunction and/or 
disturbed eating behaviors16.

Further investigations of the mechanisms which 
underlie the cumulative effects of underweight on 
the cognition, would be an important topic for future 
research.
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ABSTRACT

Background: Coronary heart disease is becoming a major cause of mortality in India and the purpose of the study 
was to identify the risk factors already present in the offspring of CHD patients.

Objective:  To study and compare the Waist hip ratio and lipid profile in offspring of coronary heart disease 
patients and controls.

Materials and method: Study was conducted between 50 subjects (18 – 30 yrs) with parental history of CHD 
and age and sex matched 50 controls (without the parental history of CHD). Serum lipid profile which included 
Total cholesterol, LDL, HDL, VLDL, TG levels and TC: HDL ratio was estimated and Waist hip ratio measured. 
The results were tabulated and statistically analyzed.

Results: Control group had excellent Waist hip ratio (M<0.85, F<0.75) (p=0.05), as compared to study group. 
Serum TC (p=0.004) and LDL (p=0.006) levels were significantly higher in study group and TC:HDL ratio or risk 
ratio (p=0.023) was low in control group.

Conclusion: Offspring of CHD patients should be advised to maintain their lipid levels in optimal range and 
inculcate changes in their lifestyle so as to prevent CHD in future. Intake of junk foods and saturated fat to be 
avoided and physical activity has to be increased to reduce the risk of CHD.

Keywords:  coronary heart disease; family history; lipid profile ; risk ratio; waist to hip ratio.
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BACKGROUND

Coronary heart disease (CHD) is becoming a major 
cause of mortality in India. The huge burden of CHD in 
India is the consequence of the large population and the 
high prevalence of cardiovascular disease risk factors. 
WHO reports that one fifths of the deaths in India are 
caused by CHD. In the year 2020, it would account for 
one third of all deaths and many of the Indians will be 
dying young. There are an estimated 45 million patients 
of CHD in India. (1)CHD occurs at a much younger age 
in Indians as compared to those in North America and 
Western Europe, as Indians have smaller coronary blood 

vessels compared to them.(2) Hence, ethnicity itself is a 
risk factor.

Modernization has resulted in a stressful and hectic 
urban lifestyle in rapidly growing cities like Bangalore. 
The increasing incidence of CHD is secondary to 
modernization which has resulted in increased levels 
of stress, affluence which in turn bring about changes 
in lifestyle. Obesity is increasing in younger generation 
due to consumption of calorie rich food and  physical 
inactivity. Family screening of patients with CHD 
emerges both as an opportunity and challenge of 
cardiovascular health in 21st century. 

CHD is a chronic process that begins during 
adolescence and slowly progresses throughout life. 
Independent risk factors include a family history 
of premature CHD, obesity, DM, Hypertension, 
hyperlipidemia, smoking and sedentary lifestyle. The 
first degree relatives of people who develop CHD at an 

DOI Number: 10.5958/2320-608X.2017.00062.2 



International Journal of Physiology, July-December 2017, Vol. 5, No. 2            89         

early age are at a much higher risk for developing CHD 
than general population. (3,4) Identification of such people 
who are at risk of future CHD at a young age helps to 
prevent and delay the disease by altering lifestyle.

The aim of the study was to identify the risk 
factors already present in offspring of CHD patient and 
findings of this study would enlighten the importance 
of family history while considering CHD resulting from 
atherosclerosis and to prevent CHD in future.

MATERIALS AND METHOD

A comparative study was conducted in Bengaluru, 
to assess the influence of family history of CHD on 
Waist hip ratio (WHR) and lipid profile in 50 offspring 
(18-30yrs) of CHD patients, by comparing them with the 
age and gender matched 50 controls without the parental 
history of CHD. Ethical clearance was taken from 
Institutional Ethical committee of Bangalore Medical 
College and Research Institute.

 Subjects having Diabetes mellitus, Hypertension. 
thyrotoxicosis, hypothyroidism and other endocrine 
disorders, hepatitis or any other liver pathology, musculo-
skeletal disorders, smokers, alcoholics, pregnancy, any 
respiratory pathology, Subjects on medications such as 
– corticosteroids, hormones or oral contraceptives, beta 
blockers, diuretics, isotretinoin, antiepileptics, etc were 
excluded.

 Subjects were explained about the study protocol 
and written informed consent was taken. Waist 
circumference measured at the midpoint between the 
iliac crest and the lower margin of the last palpable rib 
in the mid axillary line. (5) Hip girth measured around 
the largest circumference of the buttocks, over the 
minimal clothing, subject standing erect with weight 
evenly distributed on both feet and legs slightly apart 
(5) and WHR calculated. After an overnight fast, venous 
blood sample was collected and estimation of serum 
lipid profile was done at Central Research Laboratory, 
Victoria Hospital campus, Bangalore Medical College 
and Research Institute (BMCRI), Bangalore.

Statistical method[6,7,8]:

Descriptive and inferential statistical analysis 
has been carried out in the present study. Results on 
continuous measurements are presented on Mean ± SD 
(Min-Max) and results on categorical measurements are 

presented in Number (%). Significance is assessed at 5 
% level of significance.

Student t test (two tailed, independent) has been 
used to find the significance of study parameters on 
continuous scale between two groups (Inter group 
analysis) on metric parameters. Leven1s test for 
homogeneity of variance has been performed to assess 
the homogeneity of variance. Chi-square/ Fisher Exact 
test has been used to find the significance of study 
parameters on categorical scale between two or more 
groups. 

Statistical software: The statistical software 
namely SAS 9.2, SPSS 15.0, Stata 10.1,MedCalc 9.0.1 
and Systat 12.0 and R environment ver.2.11.1 were used 
for the analysis of the data and Microsoft word and 
Excel were used. 

FINDINGS

Present study is a comparative study consisting of 
50 subjects with a family history of CHD (Study group) 
and 50 subjects without a family history of CHD (control 
group). Subjects in both the groups were well matched 
with respect to age (p=0.756) and gender (p=1.000).  
44.2% of subjects in control group had excellent WHR 
(M<0.85, F<0.75) as compared to 20.0% of subjects in 
study group (p=0.05). 2% subjects in study group had 
extremely high WHR (M>1.00, F>0.90) and extremely 
high WHR is an independent risk factor of CHD. (9)

Table 1: Age distribution of two groups studied

Age in 
years

Group A (Study 
group)

Group B (Control 
group)

No % No %

18-20 15 30.0 15 30.0

21-25 18 36.0 21 42.0

26-30 17 34.0 14 28.0

Total 50 100.0 50 100.0

Mean ± 
SD 23.30±3.77 23.06±3.94

Samples are age matched with p=0.756
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Table 2:  Gender distribution of two groups 
studied

Gender
Group A Group B

No % No %

Male 30 60.0 30 60.0

Female 20 40.0 20 40.0

Total 50 100.0 50 100.0

Samples are gender matched with p=1.000

Table 3: Comparison of anthropometric parameters 
in two groups studied

Group A
(Study 
group)

Group B
(Control 
group)

P value

Height (cm) 160.82±7.19 159.72±6.76 0.432

Weight (kg) 59.86±7.05 57.84±6.17 0.131

BMI (kg/m2) 23.11±1.95 22.63±1.43 0.166

WC (cm) 73.90±3.22 72.68±5.85 0.200

HG(cm) 87.58±4.45 87.8±5.07 0.818

WHR 0.85±0.04 0.83±0.06 0.131

Table 4: Comparison of waist –hip ratio in two groups studied

Waist-hip ratio Group A
(Study group)

Group B
(Control group)

Excellent (M<0.85, F<0.75) 10(20.0%) 22(44.0%)

Good (M: 0.85-0.90; F:0.75-0.80) 26(52.0%) 19(38.0%)

Average(M:0.90-0.95; F:080-0.85) 12(24.0%) 7(14.0%)

High (M:0.95-1.00; F:0.85-0.90) 1(2.0%) 2(4.0%)

Extreme(M>1.00, F>0.90) 1(2.0%) 0

Total 50(100.0%) 50(100.0%)

Inference Excellent WHR is significantly more associated with Group B (44.00%) 
compared to Group A (20.0%) with P=0.050*

Table 5: Comparison of serum lipid profile parameters in two groups studied

Lipid parameters Group A
(Study group)

Group B
(Control group) P value

Total cholesterol(mg/dl) 178.68±8.52 174.64±4.49 0.004**

LDL(mg/dl) 109.10±7.62 105.64±4.06 0.006**

HDL(mg/dl) 49.76±4.18 50.56±2.05 0.228

VLDL(mg/dl) 19.82±6.64 18.44±3.29 0.191

Triglycerides (mg/dl) 98.94±33.29 92.12±16.30 0.196

Tchol/HDL 3.63±0.49 3.46±0.16 0.023*

DISCUSSION

Coronary atherosclerosis is the major cause of 
CHD. The atherosclerotic process is an organised, 
active, lifelong process involving elements of 
chronic inflammation followed by repair in artery 
wall.(10)Atherosclerosis begins with the appearance of 

fatty streaks in the intima. The fatty streaks may evolve 
into fibrous plaques by accumulation of lipids, smooth 
muscle and connective tissue. These plaques undergo 
vascularisation, intraplaque haemorrhage, rupture, 
ulceration and calcification and can impede blood flow 
through an artery. A thrombosis superimposed on a lesion 
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can lead to myocardial infarction or sudden death.(11)

Abdominal or truncal obesity is accumulation 
of fat in abdominal viscera, is more associated with 
metabolic complications. Excess intra-abdominal fat is 
associated with greater risk of obesity related morbidity 
than overall adiposity. The WHR shows a graded and 
highly significant relationship with the risk for MI. 
Previous studies have shown that measurement of WHR 
has proved superior to the other indices of obesity in 
determining the future risk of CHD.(12)

Timothy A Welborn et al found that obesity, 
as measured by WHR, is a dominant, independent 
predictive variable for CHD in both men and women. 
This study showed that the WHR is better predictor for 
CHD than WC or BMI. (12) WHR may be a better predictor 
of cardiovascular risk than waist circumference or BMI, 
as it is less dependent on body size and height. Ideal 
WHR is <0.85 in men and <0.75 in women. WHR above 
1.0 in men and above 0.9 in women is an independent 
risk factor for higher incidence of CHD.(12)

Grottol et al assessed that those with positive history 
of CHD in either parent had higher BMI and a greater 
risk of being obese than those who reported no parental 
history. Higher mean BMI and obesity (BMI>30Kg/m2) 
were associated with paternal CHD history in both sexes 
and with maternal CHD history among men. (13)

Gupta R et al showed that there was a significant 
positive correlation of BMI, WHR with fasting blood 
glucose and LDL cholesterol and negative correlation 
with physical activity and HDL in both men and women 
with increasing BMI, waist circumference and WHR, 
the risk factors increased significantly in both men and 
women. (14)

M Hippe et al conducted a cross sectional study and 
found increased cholesterol level, low HDL/TC ratio 
in subjects with parental history of MI than in controls 
irrespective of age and sex. Maternal MI was more 
predictive for increased cholesterol and decrease in 
HDL/TC ratio than paternal MI, and risk of an increased 
cholesterol level was higher in subjects aged 20-39 yrs 
than in older subjects. (15)

Cross sectional study done by Munir Ahmed et al 
including 250 offspring of CHD patients as study group 
and 50 offspring without the family history of CHD as 
control group, where TC, LDL, TG (p<0.01) levels were 

increased in study group compared to control group. (16) 

Saghafi H et al compared first degree relatives of 
patients with premature CHD with general population. 
TC and LDL-C levels were higher in 36.8% and 15.3% 
respectively. 14.6% had low HDL-C and 31.9% had 
high TG levels. Overall, 60.4% revealed at least one of 
the lipid abnormalities. (17)

Comparison of lipid profile parameters in both the 
groups showed TC (p=0.004) and LDL (p=0.006) levels 
are increased significantly in study group as compared 
to control group. HDL level is decreased in study group 
as compared to control group but it is not statistically 
significant. TG and VLDL levels are also higher in 
study group than the control group but not statistically 
significant.TC: HDL ratio is also more in study group 
than the control group (p=0.023). 

Comparison of TC: HDL ratio(18) showed that in 
study group, 14% of subjects had low risk M [(4.0), F 
(3.8)] and 4% of subjects had average risk M [(5.0), F 
(4.5)]. Very low risk [M (<3.4), F (<3.3)] association 
with CHD was more in control group (98.0%) than the 
study group (82.0%). HDL is concerned with reverse 
transport of cholesterol towards liver and has inverse 
relationship with CHD risk. In our study, offspring of 
CHD patients have more risk of developing CHD in 
future.

Obesity leads to impairment of carbohydrate 
tolerance, elevation of cholesterol level in blood 
and elevation of body fat and thereby predisposes to 
atherosclerosis. Obesity is associated with increased 
basal lipolysis in adipose tissue, and elevated circulating 
free fatty acids. Families consuming diet rich in 
cholesterol e.g. eggs, milk, cheese, etc. are at higher risk 
of developing hypercholesterolemia. There is a linear 
relation between LDL levels and coronary events. LDL 
particle has been proved to be the main cause of CHD. 
(19) Familial hypercholesterolemia results from an absent 
or defective receptors responsible for internalization of 
LDL particle, particularly in hepatocytes, caused by LDL 
receptor gene mutations. High TC (>200mg/dl), high TG 
(>150mg/dl), high LDL (>130mg/dl) and low HDL 
(<40mg/dl) according to the criteria of Adult Treatment 
Panel III, are predominant risk factors for CHD.(17)

Elevation of TC, LDL, VLDL and TG levels and 
decreased HDL level in offspring with family history of 
CHD at a relatively young age indicates importance of 
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compulsory assessment of serum lipids in such children. 
Dietary cholesterol should be reduced to <200mg%, 
daily fat intake from 40% to <30% of total calories and 
intake of monounsaturated and polyunsaturated fats to 
be increased to reduce the risk of CHD. Inactivity is 
recognised as a risk factor for CHD. Regular aerobic 
exercise has been shown to play a major role in primary 
and secondary prevention of CHD. Exercise controls 
blood lipid abnormalities by stimulating an increase in 
plasma HDL concentration and decrease in TG levels. 
Besides favourable biochemical changes, regular 
exercise improves working capacity and myocardial 
oxygen consumption, reduces stress inducible myocardial 
ischemia and restores psychological balance. 

Awareness has to be created in offspring of CHD 
regarding risk of having CHD in future and they must 
be advised measures to maintain their lipid levels in 
optimal range and also regarding weight management. 
Intake of junk foods and saturated fat to be avoided and 
physical activity has to be increased so as to prevent or 
lower the risk of CHD in future.
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ABSTRACT

Previous studies report reduced risk of cognitive impairment in elderly who maintain higher levels of physical 
activity. Many studies also have proven that swimming has beneficial effect on skeletal and cardiovascular health. 
But studies to assess effects of swimming on cognitive health of elderly are lacking. This study was undertaken to 
assess and compare the level of cognition among elderly swimmers and non swimmers. 40 elderly subjects who 
regularly swim and 40 elderly non swimmers were recruited based on inclusion and exclusion criteria. Test for the 
cognitive domain executive function was performed with Category fluency and Verbal N back test to test Fluency 
and Working memory respectively. Results were statistically analyzed using students t test. In our study Elderly 
swimmers performed better than non swimmers in both the tests for executive function.

Keywords: swimming, aerobic exercise, elderly, cognition, executive function, neurogenesis, BDNF, IGF-1, 
VEGF.

BACKGROUND

Chronological aging, or senescence, is associated 
with an increased risk of chronic conditions and 
diseases such as cognitive impairment, cardiovascular 
disease, and metabolic syndrome. Due to prolonged 
life expectancy, age-related diseases have increased in 
alarming proportions in recent decades.  An increasing 
body of studies have suggested that lifestyle factors 
have a significant impact on how well people age. Three 
lifestyle factors can play a significant role in slowing 
the rate of cognitive decline and preventing dementia: 
a socially integrated network, cognitive leisure activity, 
and regular physical activity.1

According to the prefrontal-executive theory2, 
executive functions (EFs) and their underpinning 
prefrontal and frontal brain structures are particularly 
sensitive to the effects of normal and pathological 
aging3,4. Therefore, the preservation of these brain 
areas and their associated cognitive functions is of 
particular importance. Chronic physical activity (PA), 
aimed at improving cardio respiratory health, has 
been proposed to be a good, practical, and powerful 
candidate to overcome cerebral and behavioral declines 
5-7. Accordingly, the principal aim of the present study 
was to examine the potential benefits of an understudied 
form of PA—regular swimming (one of the most 
popular and accessible forms of PA for older adults)—

on EF performance in a population aged 60 to 80 years 
old. As swimming is an ideal physical activity for the 
elderly population because of its low impact on joints 
and minimal risk of injury. Swimming is also a complete 
workout, incorporating the entire body and utilizing all 
muscles groups.8

But recently no studies have been done to study 
the effect of swimming on the age related cognitive 
decline. So we took up this study to assess and compare 
the level of cognition among elderly swimmers and non 
swimmers.

METHODOLOGY

40 elderly subjects aged more than 60 years, who 
regularly swim at least 30 min for 4 days a week from 
past 1 yr and 40 elderly non swimmers were recruited. 
Subjects with untreated cataract, refractory errors, and 
history of cerebrovascular / cardiovascular accidents, 
psychiatric illness, Kidney and Liver disorders, 
Respiratory disorders, Alcohol consumption, and 
smoking were excluded from the study. And those 
who perform other regular physical activity were also 
dropped from the study.

Institutional ethical clearance was obtained prior to 
the study. Subjects were asked to relax for 30min. And 
then Participants’ written informed consent was obtained 
after explaining about the study protocol. Later they were 
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screened for their hearing. The participants were then 
tested for two sub domains of executive functions i.e. 
fluency and working memory with Category fluency and 
Verbal N back test respectively in a silent surrounding.9

Category fluency test

In this test the subject was asked to generate the 
names of as many animals as possible in one minute. 
The subject is asked to exclude the names of fish, snakes 
and birds. The number of names generated formed the 
score.

Verbal N back test

Thirty randomly ordered consonants common to 
multiple Indian languages were presented auditorily at 
the rate of one per second. Nine of the thirty consonants 
were repeated. The consonants which were repeated 
were randomly chosen. The subjects were asked to 
respond by tapping the table whenever a consonant was 
repeated consecutively. Number of hits and errors in 
each test formed the score. Number of errors was taken 
as negative score. And then total score was calculated.

The Descriptive statistics were used, i.e. mean and 
standard deviation (SD) for describing the parameters. 
The data was analyzed using student t-test to compare 
between the groups. The difference was considered 
statistically significant when P0.05. SPSS V.11.0 was 
used for analysis of data. 

RESULTS

Results of present study show significant difference 
between elderly swimmers and non swimmers in both 
the tests for working memory and fluency. Wherein 
nonswimmers had lower cognitive ability compared to 
the swimmers.

Elderly swimmers were able to name more number of 
animals in one minute (11.27±1.25) than nonswimmers 
(9.97±1.31), which was statistically significant which is 
represented in Table 1

In Verbal N back test which was used to assess 
working memory elderly swimmers performed better 
with less number of errors and a total high score 
(8.05±0.79) compared to nonswimmers (7.27±0.81), 
represented in Table 1.

Table 1: Comparison of cognitive tests between 
elderly swimmers and non swimmers.

Cognitive 
tests Swimmers Non 

Swimmers P Value

Category 
Fluency 11.27±1.25 9.97±1.31 0.005 ***

Verbal N 
Back 8.05±0.79 7.27±0.81 0.004 ***

Note: *P value < 0.05 significant, *** P value < 
0.005 highly significant.

DISCUSSION

The growth of the proportion of the population 
aged 65 and older in the industrialized world, as well 
as in developing countries, has profound implications 
for public health and the economic costs of medical 
care. Cerebral and cognitive decline, as a function of 
aging, represents a predominant cause of autonomy 
loss in aging populations. According to the prefrontal-
executive theory2, executive functions (EFs) and their 
underpinning prefrontal and frontal brain structures 
are particularly sensitive to the effects of normal and 
pathological aging 3,4

Most of the recent literature on aging, fitness, and 
cognition has shown that chronic exercise would result 
in selective improvements in executive functions rather 
than general benefits.10,11,12

A meta-analysis by Colcombe and Kramer10 
showed that the effect size of the positive effects of 
chronic exercise is significantly smaller on information 
processing speed than on executive functions.

Several studies support the notion that physical 
activity is a significant moderator of age-related 
cognitive decline. In cross-sectional studies, age-related 
differences in cognitive performance observed when 
older adults are compared to younger participants 
are reduced if the comparisons involved higher-fit 
individuals rather than sedentary older adults13-17. As a 
whole, these cross-sectional studies suggest that cardio 
respiratory fitness is associated with more efficient 
cognitive functions. 

In the present study the comparison was done 
among Elderly population, between swimmers and 
nonswimmers. The results show that Elderly swimmers 
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performed significantly better than non swimmers in 
terms of Executive function tasks both fluency and 
working memory.

In Kramer et al.’s18 study, older adults who completed 
a six-month aerobic training program (walking) showed 
a significant improvement in cognitive performance 
unlike those who completed a stretching program. 
Cognitive improvement was greater in tasks that tapped 
attentional control or executive control functions and 
was correlated with improvement in VO2 max. In 
another study, Albinet et al. 19 reported that 12 weeks 
of aerobic training lead to enhanced performance in 
executive control and increased heart rate variability 
in older men and women aged 65– 78. These results 
suggest that aerobic exercise may be an important 
cardiac and brain protective factor as people age. The 
greater improvement induced by aerobic training in 
executive control compared to other cognitive domains 
has also been confirmed by several meta-analyses.

To the best of our knowledge, only one study was 
designated to explicitly test the specific relationship 
between water aerobics and cognitive improvements in 
older adults 20. In this study, Hawkins and collaborators 
examined the influence of a 10-week program of basic 
swimming skills on variations of two experimental tasks 
involving processing speed. They found that subjects 
who trained in water aerobics showed significantly 
better results than the control group

Better executive function among swimmers 
than nonswimmers may be attributed to the neuro-
protective effect of swimming, an aerobic exercise. It 
promotes neurogenesis by increasing the production 
of neurotrophic factors (compounds which promote the 
growth or survival of neurons), such as brain-derived 
neurotrophic factor (BDNF), insulin-like growth factor 
1 (IGF-1), and vascular endothelial growth factor 
(VEGF).21

CONCLUSION

Swimming has a beneficial effect on cognition in 
the elderly. Including swimming as a part of day to 
day activity may help in reducing age related cognitive 
decline. 
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 ABSTRACT

Background: The present study was conducted to evaluate and compare the benefits of Conventional Practical 
Training (CPT) and Objective Structured Practical Examination (OSPE) for Phase II MBBS students.

Material and Method: Study was carried out among II year medical students of Karpagam Faculty of Medical 
Sciences and Research, Coimbatore. A total of 100 students of both genders were given questionnaire and 
feedback was taken regarding the benefits of CPT and OSPE in their routine clinical examination in hospital 
postings and a comparative study was done.

Results: The student’s attitude towards the OSPE was found to be positive. OSPE appeared to be the valid index 
for developing knowledge, communication and psychomotor skills for the MBBS students.

Conclusion: OSPE was found to be a valuable method to improve the competency of a medical student in various 
domains. Thus OSPE can be used as routine practical examination in basic medical sciences rather than CPT for 
better learning and application of knowledge in clinical settings.

Keywords: Conventional Practical Teaching, Objective Structured Practical Examination, Knowledge, 
psychomotor.
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INTRODUCTION

Objective Structured Practical Examination 
(OSPE) is derived from Objective Structured Clinical 
Evaluation (OSCE) in 1975 which was later extended to 
practical examination and was modified by Hardenand 
Gleeson[1,2]. This method is now believed to meet the 
deficiencies of the conventional system of practical 
examination in medical students. In an international 
conference held in Ottawain 1985, OSCE and

OSPE techniques were introduced as a teaching and 
evaluation tool and its advantages were compared with 

disadvantages[3].

The conventional practical examination system 
usually involves writing of detailed procedure of one 
or two given practicals, one as the major and the other 
minor. It is followed by un-observed performance on 
self or subject. The assessment is made on the basis 
of global performance rather than the candidate’s 
individual competency. Some of the problems involved 
in conventional practical examination include patient 
and examiner variability which significantly affects 
the score. In OSPE, individual’s competency is given 
importance by testing the process as well as the 
product[4].

Considering problems mainly of technical nature, 
which were faced at some places lead them to develop 
a combination of conventional and OSPE systems 
called as SOSPE or Semi Objective Structured Practical 
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Examination that involve conduction of one experiment 
and the student was questioned on it[5].

So this OSPE was reported as good method of 
practical teaching compared to the conventional practical 
teaching since it is more objective.  OSPE is considered 
to be the assessment system based on competency levels 
for practical and procedural skills aiming at producing 
good products[6].

The OSPE system can offer a better tool for 
assessment of skill in the basic sciences. A different skill 
or task is performed by a student at each station[7]. OSPE 
has been claimed to be a reliable device that has a good 
capacity to differentiate between different categories 
of students. It also tests the mental ability and the 
student’s attitude to learning during the time of practical 
demonstration and performance[8].

The benefits of CPT and OSPE can be compared 
by taking feedback from the students and therefore the 
merits and demerits of each method of training can be 
analyzed. This will help in implementing the better 
way of practical teaching to fulfill the objectives and 
to improve the cognitive, affective and psychomotor 
domains among the medical students[9].

MATERIALS AND METHOD

This was a cross sectional study, conducted 
in Department of Physiology, Karpagam Faculty 
of Medical Sciences and Research after obtaining 
instituitional ethical committee clearance. A total of 100 
students from Phase II MBBS participated in this study. 
Study design and objectives were explained and verbal 
consent was obtained from the students.

A questionnaire targeting the objectives of practical 
teaching and their implementation in clinical setting was 

used to evaluate the benefits of CPT and OSPE in these 
students. The questionnaire consists of 10 divisions, 
each division is directed to obtain the feedback from 
the students regarding their knowledge, analytical 
skills, ability to perform tasks, confidence level, 
communication skills etc. These divisions are made 
common for CPT and OSPE, each student is instructed 
to answer the questionnaire separately for CPT and 
OSPE. The scoring for each division was done as 
follows: (never – 0, rarely – 1, often – 2, always – 3).

From the total scores calculated (out of 30) from the 
questionnaire separately for CPT and OSPE from each 
student, they were divided into 3 categories: 21 – 30 
as Highly useful, 11 – 20 as Fairly useful, below 10 as 
Little useful. 

Each division in the questionnaire was separately 
analyzed with the scores given by each student. The 
total scores obtained for each division under CPT is 
compared with total scores obtained for each division 
under OSPE.

The benefits of CPT and OSPE obtained as 
questionnaire scores is statistically analyzed using 
paired sample ‘t’ test and results were interpreted.

RESULTS

Table 1 shows the Categorization of System of 
Practical teaching (CPT and OSPE) based on the scores 
from the questionnaire given to the students. 36% 
students marked OSPE type of practical teaching is 
highly useful when compared to 14% for CPT. Also only 
4% students marked OSPE to be little useful whereas in 
CPT it is 21%. And for the II category fairly useful for 
both CPT and OSPE method of teaching 60% and 65% 
of students have marked.

Table 1: Categorization of System of Practical teaching based on student’s feedback

Categories

Conventional Practical Teaching 
(CPT)
% of students

Objective Structured Practical 
Examinations (OSPE)
% of Students

Highly useful (21 – 30) 14 % 36 %

Fairly useful (11 – 20) 65 % 60 %

Little useful (below 10) 21 % 4 %
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This clearly shows that the OSPE type of practical 
teaching is beneficial to medical students when compared 
to conventional type of practical teaching.

Figure – 1    Comparison of total scores of each division in  
CPT and OSPE

The total scores obtained for each division in 
the questionnaire for CPT and OSPE respectively is 
compared using a bar diagram. All the division except 
for the division        ‘Eradicates fear of exam’, the scores 
are high for OSPE when compared to CPT. This clearly 
indicates the effectiveness of OSPE type of practical 
training is beneficial over CPT satisfying all the domains 
of learning.  

The total scores which includes sum of all the 
divisions for CPT and OSPE is statistically analyzed 
using paired sample ‘t’ test. 

Table 2: Paired sample ‘t’ test for CPT and 
OSPE

Teaching 
Methodology Mean SD ‘t’ Value ‘p’ value

CPT 153.40 12.41
4.544 0.001*

OSPE 186.70 17.86

Results obtained from scores of benefits of CPT 
versus OSPE type of practical teaching methodology 
were analyzed statistically using paired sample‘t’ test. 
The ‘p’ value is 0.001* significant at 5% level. This 
clearly shows that OSPE type of teaching methodology 
is highly beneficial over CPT in practical teaching for 
MBBS students. 

DISCUSSION

The significantly higher score of OSPE as compared 
to Conventional practical training in most of the 
divisions in the present study indicates importance of 

OSPE in satisfying the objectives of practical teaching.

OSPE plays a vital role in improving all the 
aspects of Bloom’s taxonomy. It divides educational 
objectives into three domains – Cognitive, Affective 
and Psychomotor. The goal of Bloom’s taxonomy is to 
motivate the educators to focus on all three domains, 
creating a holistic form of education[10].

 Cognitive domain is knowledge, comprehension 
and critical thinking on a particular topic. Affective 
domain describes the way people react emotionally and 
ability to feel others agony or joy. Psychomotor domain 
is the ability to physically manipulate a tool or an 
instrument. Analyzing the scores of the students, OSPE 
certainly improves the knowledge, analytical ability, 
communication skills and motor skills of the medical 
graduate.

In a previous study, a combination of CPT and 
OSPE was preferred over pure OSPE. Majority of 
students considered it as an effective, interesting and 
useful technique to meet the objectives of the practical 
teaching. The OSPE system involves wider coverage of 
the course and it tests individual competency in different 
topics and skills by asking targeted questions at the Non 
Observed stations.

On the contrary, the Conventional system evaluates 
randomly the subjective recall of the given practical. 
Students both regular and irregular were able to score 
high in CPT by memorizing the procedure without 
proper understanding of concepts and facts. OSPE has 
been shown to have a better scope for being structured 
so that all the objectives of laboratory teaching can be 
tested. Instead of the established benefits of OSPE, 
it is difficult to implement  everywhere, due to its 
limitations.  The major reasons are time constraints and 
space restraints in small setups.  However, it has been 
generally seen that in different medical colleges, the 
tools of assessment are being continuously switched 
from one to another. The conventional practical exam 
had become completely obsolete as it does nor evaluate 
the student’s overall competency level as effectively as 
OSPE, due to lack of objectivity, purposefulness and 
focus on important concepts.

CONCLUSION

OSPE appears to be important for performance 
discrimination on the basis of individual competency, 
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attitude towards learning and communication skills. 
It may not only improve the quality of student’s 
performance in laboratory but also improves the ability 
of a student to apply their knowledge and skills while 
examining and treating patients.

Both OSPE and Conventional practical training test 
different abilities. Both have their own advantages and 
disadvantages. Based on the present results of the study, 
practical teaching can be modified by incorporating 
more of OSPE training along with Conventional 
practical training to improve the knowledge, skills and 
competency of the medical student and to become a 
better medical practioner.
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ABSTRACT

The aim of the study is to understand the affection due to stress in both male and female albino rats. 24 albino rats 
were used for the study. The animals were divided into two groups, control  and study, study group was exposed 
to heat stress for 10 days and the levels of corticosterone was estimated before and after study. Osmotic fragility 
was estimated in both the groups. Both the genders were compared and the results tabulated statistically.

Keywords:  Stress, Gender Variation, Corticosterone, Osmotic fragility, albino rats.

INTRODUCTION 

Stress is a reaction that disturbs us both physically 
and mentally[1]  The most detrimental factor that affects 
the physiology of every living being in various aspects. 
The research compliments studies which have found that 
in times of stress, male rats are less likely to survive [ 2] 

when people feel stressed their bodies undergo changes 
through HPA axis and sympathetic system activation.[3] 
Though it affects every individual ,there exists a gender 
variation for the same quantum of  stress [4 ] Men and 
women react differently for the same stress. Such an 
understanding would have a significant impact, on 
analyzing the problems faced by each [5]Gender is an 
important determinant of health, and their exists clear 
pattern of sex-specific prevalence rates of various 
problems. This study actually focuses on gender 
specificity during stress. This was done on experimental 
animals, albino rats. [6]

MATERIALS AND METHOD

The protocol for the study was approved by Animal 
Ethical committee, Madurai Kamaraj University, 
Madurai.

ANIMALS AND EXPERIMENTAL DESIGN 

Type of stress: Heat stress

Induction by: 100 watts bulb, to a temperature of 
38-40c, for 2 hours everyday for 10 days .

Period of study:  10 days .

Animals Required: 24 albinorats (12 Males & 12 
Females) weighing 200gms-225 gms.

Physiological parameters: blood corticosterone 
level Osmotic fragility.

At the end of the study, these parameters were 
estimated and statistically analysed .

We studied 24 albino rats of either sex, the animals 
of same age and weight was taken. 12 males rats  were 
divided into  two groups. (control & study group). 
Likewise  12  female rats  were divided  into  two groups 
(control & study group). The animals were acclimated 
to a temperature of 22c with normal feeds and water ad 
libitum. The study group was exposed to a temperature 
of 38-41c for 2 hours. Everyday for 10 days. At the 
end of 10 days, serum corticosterone level and osmotic 
fragility were estimated. The blood was drawn from the 
animal using cardiac puncture.

The corticosterone levels were estimated using 
ELISA method in lab. The osmotic fragility was 
estimated using saline method. The results were 
statistically analyzed and tabulated.
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Table 1: Levels of Hormone in Control Group 

S.No Level of hormone Males Females

Corticosterone 2.50 microgram/dl 2.82 microgram /dl

Table 2   Levels of Hormone in Study Group

S.No Levels of the hormone Males Females 

Corticosterone 25.07microgram/dl 22.8microgram/dl

NOTE : The  hormone levels after exposure to stress is more in males  compared to females.

Table 3 Osmotic fragility

S.NO Lysis starts Lysis ends

Control group male 0.60% 0.30 %

female 0.60% 0.35%

Study group male 0.85% 0.40%

female 0.75% 0.40 %

 DISCUSSION 

Measurement of erythrocyte osmotic fragility 
(EOF) could be used as a biomarker of stress in humans. 
Erythrocyte osmotic fragility is a measure of erythrocyte 
strength and its ability to withstand  varying osmotic 
gradients and it has being reported to  be increased 
in situations of low oxygen tension, red blood cell 
membrane abnormality and during oxidative stress [7]

 Many researchers  have established the response  of  
both genders to a stressor. The activation of sympathetic 
nervous system, causes release  of various hormones.

The hormones like oxytocin, vasopressin, and CRF 
(corticotrophin  releasing factor) are released  during  
stress Among  these hormones, oxytocin, counteracts  
the   effects of the stress  response.

However oxytocin  is  present  in both males and 
females, but in  greater quantities  in females.

Oxytocin works  to reduce the blood  pressure  as 
well as cortisol, the hormone responsible for facing 
stress. Oxytocin can induce anti-stress-like effects 

such as reduction of blood pressure and cortisol levels. 
It increases pain thresholds, exerts an anxiolytic-like 
effect and stimulates various types of positive social 
interaction. In addition, it promotes growth an healing[8]

Actually  in our study, female  albino rats showed less 
response to stress, compared to their male counterparts, 
indicating a possible  interference of oxytocin  in normal 
stress response [9]

• Oxytocin – Decreases cortisol, Decreases BP

• Reduces stress by altering the stress cascade

• Central and peripheral oxytocin levels have 
been found to increase in response to a wide variety of 
stressful stimuli, such as conditioned fear stimuli and 
restraint stress [10]. In humans an increase in plasma 
oxytocin was found after stressful periods.

So, there is definite correlation between stress and  
oxytocin levels.

CONCLUSION 

New researches suggests that stressful events have 
major impact on mens health, both (mental & physical) 
than women. As a result of their decreased ability to 
cope up with stress, they either get affected by diseases 
like DM, HT or they go in for addiction, aggressiveness  
and antisocial  behavior.
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To  conclude  for the, for the same quantum of stress 
,men are more affected than women, and needs an early 
identification and rectification, which would otherwise 
result in a major threat  to mankind.

Conflict of Interest :  Nil

Source of Funding:  Self

REFERENCES

1. John.A.Bowersox  ,Brain research  /vol 478 issue 
1 ,pages 1 – 204.

2.   McClintock, B. (1984). The significance of 
responses of the genome    to challenge. Science, 
226: 792–801.

3.    Dr.Rajiv laroiya  ,article on The  Physiology of  
stress

4. September 2005 web Medical News

5. Yah hu et al, 2007 , genes role in stess in plant 
species

6. Springer article 2005

7. Aldrich et al ,matsumara ,,  Niger Journal of 
physiology  dec 2012  pages 157 -164    

8. International  journal  of Neurosciences  August  
2009  29(32)   pgs   10111  - 10119

9. Mendel et al  Environmental stress tolerance 
genes  

10.  Role of oxytocin in stress  ,Neumann et al., 
2000 and Onaka, 2004



        104        International Journal of Physiology, July-December 2017, Vol. 5, No. 2     

Effects of Endurance and Resistance Training on Pulmonary 
Function Tests: A Randomised Controlled Study

Mradul Purwar1, Manish Bajpai2, Sunita Tiwari3, Pradeep Kumar2

1Resident, 2Professor, 2Professor, 2 3Professor and Head, Department of Physiology, 
King George’s Medical University, Lucknow

ABSTRACT

Introduction: Exercise has been a means of testing the physical capabilities and physiological responses of an 
individual. Exercise when performed regularly has beneficial effects on the various systems of the body. Exercise 
shows overall improvement in pulmonary function. 

Objectives:  To evaluate the effects of endurance training and resistance training on Pulmonary function tests. 

Methodology: A total of 50 male non-smoker healthy subjects aged 18-25 years were randomized to Group A 
(n=25; Resistance) and Group B (n=25; Endurance). At baseline FVC, FEV1, FEV1/FVC, FEF25-75%, PEF were 
recorded. The exercise schedule continued till 3 months. After three months, PFTs were revaluated. Changes in 
pulmonary function were assessed. Data were analyzed using SPSS version 20.0. Student paired‘t’-tests were 
used. P<0.05 was considered significant. 

Results: At baseline both the groups had comparable pulmonary functions. After 3 months, both the groups 
showed increase in PFT values. FEV1/FVC was significantly higher in Group B as compared to Group A 
(p=0.010). Group B had higher % increase as compared to Group A for all PFT parameters.

Conclusion: Exercise had a positive impact on PFT with endurance training being slightly better.

Keywords: Endurance training Resistance Training Pulmonary function tests Parallel effect

INTRODUCTION

Exercise has a deterministic effect on heart and 
lungs. The lungs bring oxygen into the body, provide 
energy, and remove carbon dioxide. The heart pumps the 
oxygen to the muscles that are doing the exercise. While 
exercising muscles work harder and body uses more 
oxygen and produces more carbon dioxide. To cope 
with this extra demand, breathing had to increase from 
about 15 times a minute (12 litres of air), while resting, 
extra demand is up to about 40–60 times a minute (100 
litres of air) during exercise. Circulation also speeds 
up to take the oxygen to the muscles so that they can 
keep moving1. There are broadly two types of exercises 
– resistance and endurance. Resistance training targets 
the muscles, causing them to contract against an external 
resistance (such as weights) in order to increase strength, 
tone, mass, and mobility weight-lifting is an example of 
a resistance exercise while endurance training works on 
cardiovascular strength and is the most effective way 

of burning calories fast - Running and swimming are 
examples of endurance exercise. Cycling is an example 
of both types of exercise.

Exercise when performed regularly has beneficial 
effects on the various systems of the body. There are 
several studies that have shown significant improvement 
in pulmonary functions as a result of the effect of 
exercise2,3,4. However, there are studies which show 
non - significant change in pulmonary functions as an 
effect of exercise5,6,7. There are some other studies that 
present an altogether different scenario. These studies 
have shown that exercise/sports activities in some 
particular environments have a deteriorating effect on 
lung functions resulting into occurrence of asthma and 
exercised induced bronchoconstriction 8,9,10,11. These 
evidences, thus are paradoxical, and as such the issue 
of effect of exercise on pulmonary functions remains 
unresolved.
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In a recent study, Endurance training (ET) and 
resistance training (RT) have been considered since the 
studies show further beneficial effects of strength training 
on improvement of pulmonary function12. Encouraged 
by these results, the present study was planned with an 
aim to evaluate and compare the effects of endurance 
and resistance training on pulmonary functions.

MATERIAL AND METHOD

The study was conducted in the Department of 
Physiology at King George’s Medical University, 
Lucknow (U.P) between years 2015 to 2016. 50 males 
apparently healthy non-smoker, normotensive (resting 
blood pressure <140/90 mmHg) undergraduate students 
aged 18 to 25 years, having BMI between 18.0 to 25.0 
kg/m2 range were included in the assessment. Those 
having a history of regular exercise training or sports 
activity, having previous history of cardiovascular and 
respiratory problems, those under medication which 
influence the metabolic or cardiorespiratory response to 
exercise, having bony deformity of chest or spine, any 
respiratory epidemic or infection, history of pulmonary 
embolism, unstable angina or myocardial infarction 
were excluded from the assessment.

All the subjects were required to fill a Physical 
Activity Readiness (PAR-Q) Form before exercise for 
screening.

The students were then randomized to one of 
the two study groups as follows:

• Group A: 25 apparently healthy male subjects 
for resistance exercise

• Group B: 25 apparently healthy male subjects 
for endurance exercise

At the time of enrolment, following pulmonary 
functions were evaluated:

• FVC (Force vital capacity)

• FEV1 (Force Expiratory Volume in 1 sec.)

• FEV1/FVC (Ratio of force expiratory volume 
in 1 sec to force vital capacity)

• FEF (25-75%) (Force expiratory flow)

• PEF (Peak expiratory flow)

Participants were taken to the exercise physiology 

lab two times before the beginning of training period. 
In the first session, their one repeat maximum (1RM) 
was determined for each of the major muscle group i.e 
biceps, triceps.

Training Protocol (Based on American College of 
Sports & Medicine, 2013)

• Each participant performed exercise/training 3 
days/week

• 2-4 sets of 8-12 repetitions were done for major 
muscle groups.

Trial run on treadmill:- 

All the subjects were given one session of trial 
run on the treadmill to relieve the anxiety related to 
the treadmill running during actual testing and data 
collection.  For examination, all the subjects were advised 
adequate hydration, avoid heavy physical exertion, 
complete rest and have a sound sleep on previous night. 
Subjects were advised to reach the department after 
taking light breakfast. There was at least a gap of 2 to 
3 hours between the last meal and exercise to avoid the 
nausea and regurgitation. They were then asked to rest 
for next 30 minutes lying with closed eyes. All subjects 
for the study underwent through clinical examination 
(General and Systemic). The ambient temperature of the 
laboratory was maintained between 20 - 25ºC.

The training was continued for 3 months. After three 
months, pulmonary functions were evaluated again.

Data Analysis: Data was analyzed using Statistical 
Package for Social Sciences (SPSS) version 20.0.  
Independent and paired ‘t’ tests were used to analyze 
the data. ‘p’ value less than 0.05 was considered to be 
statistically significant.

RESULTS

Age of patients ranged from 18 to 24 years. Mean 
age was 20.60±1.96 and 20.68±1.91 years respectively 
in Groups A and B. In Group A, mean BMI, heart rate, 
systolic blood pressure and diastolic blood pressure 
values were 21.87±1.92 kg/m2, 75.64±3.15 bpm, 
122.24±3.93 mmHg and 75.04±2.95 mmHg respectively 
whereas in Group B the corresponding values were 
21.34±1.87 kg/m2, 75.28±3.58 bpm, 120.08±6.62 mmHg 
and 75.12±2.01 mmHg respectively. Statistically, there 
was no significant difference between two groups with 
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respect to age, anthropometry and haemodynamic parameters (p>0.05) (Table 1).

Table 1: Comparison of Baseline Demographic, Anthropometric and haemodynamic profile between two 
study groups

SN Characteristics Group A Group B Statistical significance (‘p’ value)

1. Mean Age±SD (Range) in years 20.60±1.96 (18-24) 20.68±1.91
(18-24) 0.771

2. Mean BMI±SD (kg/m2) 21.87±1.92 21.34±1.87 0.323
3. Mean HR±SD (bpm) 75.64±3.15 75.28±3.58 0.379
4. Mean SBP±SD (mmHg) 122.24±3.93 120.08±6.62 0.090
5. Mean DBP±SD (mmHg) 75.04±2.95 75.12±2.01 0.911

At baseline mean FVC, FEV1, FEV1/FVC, FEF25-75% and PEF values were 4.13±0.57L, 3.46±0.50L, 
0.83±0.02, 3.79±0.52 L/s and 8.23±0.32 L/s respectively in Group A and 3.98±0.48 L, 3.35±0.41 L, 0.84±0.02, 
3.49±0.57L/s and 8.13±0.38 L/s respectively in Group B. Statistically, there was no significant difference between 
two groups with respect to any of the pulmonary functions being studied (p>0.05) (Table 2).

Post-3 month intervention mean FVC, FEV1, FEV1/FVC, FEF25-75% and PEF values were 4.28±0.51L, 
3.69±0.45L, 0.85±0.02, 3.86±0.40 L/s and 8.65±0.30 respectively in Group A and 4.14±0.46L, 3.61±0.35L, 
0.87±0.02, 3.77±0.37 L/s and 8.54±0.36 L/s respectively in Group B. Statistically, a significant difference between 
two groups was observed only for FEV1/FVC values (p=0.010) (Table 2).

Table 2: Between Group Comparison of Pulmonary function tests at baseline and 3 months post-
intervention

SN Characteristics Group A Group B Statistical significance
(‘p’ value)

Baseline
1. FVC (L) 4.13±0.57 3.98±0.48 0.347
2. FEV1  (L) 3.46±0.50 3.35±0.41 0.434
3. FEV1/FVC 0.83±0.02 0.84±0.02 0.105
4. FEF 25-75% (L/s) 3.79±0.52 3.49±0.57 0.054
5. PEF(L/s) 8.23±0.32 8.13±0.38 0.302
Post-intervention
1. FVC (L) 4.28±0.51 4.14±0.46 0.322
2. FEV1  (L) 3.69±0.45 3.61±0.35 0.503
3. FEV1/FVC 0.85±0.02 0.87±0.02 0.010
4. FEF 25-75% (L/s) 3.86±0.40 3.77±0.37 0.405
5. PEF(L/s) 8.65±0.30 8.54±0.36 0.263

Following intervention mean increases in FVC, FEV1, FEV1/FVC, FEF25-75% and PEF values were 0.15±0.11 L 
(3.71%), 0.23±0.09 L (6.67%), 0.02±0.02 (2.60%), 0.07±0.32 (1.77%) and 0.42±0.11 (5.06%) respectively in Group 
A. As compared to baseline, for all the parameters except FEF25-75%, the change was significant statistically (p<0.001) 
(Table 3). In Group B, mean increases in FVC, FEV1, FEV1/FVC, FEF25-75% and PEF values were 0.16±0.04L 
(3.94%), 0.26±0.08L (7.62%), 0.03±0.02 (3.43%), 0.28±0.37 L/s (8.01%) and 0.41±0.13 (L/s) (5.09%) respectively. 
As compared to baseline, the change was significant statistically for all the five PFT parameters being studied (Table 
3).
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Table 3: Intragroup Change in Pulmonary Function Variables (Pre-Exercise to Post-Exercise)

Pulmonary 
Function 
Variables

Group A Group B

Mean Change±SD % change ‘t’ ‘p’ Mean Change % change ‘t’ ‘p’

FVC (L) 0.15±0.11 3.71 6.952 <0.001 0.16±0.04 3.94 18.051 <0.001

FEV1 (L) 0.23±0.09 6.67 12.191 <0.001 0.26±0.08 7.62 16.079 <0.001

FEV1/FVC 0.02±0.02 2.60 6.177 <0.001 0.03±0.02 3.43 7.252 <0.001

FEF 25-75%(L/s) 0.07±0.32 1.77 1.048 0.305 0.28±0.37 8.01 3.803 0.001

PEF (L/s) 0.42±0.11 5.06 18.434 <0.001 0.41±0.13 5.09 16.324 <0.001

DISCUSSION

In present study change in pulmonary functions as 
observed in Group A (Resistance training) showed a mean 
% increase in FVC, FEV1, FEV1/FVC, FEF25-75% and PEF 
as 3.71%, 6.67%, 2.60%, 1.77% and 5.06% respectively 
whereas the same in Group B (Endurance training) was 
3.94%, 7.62%, 3.43%, 8.01% and 5.09% respectively. 
Thus in resistance training group, maximum change was 
observed for FEV1 and minimum for FEF25-75% whereas 
in Group B (endurance training), maximum change was 
observed for FEF25-75% and minimum for FEV1/FVC. In 
both the groups, change from baseline was significant 
statistically for all the pulmonary function parameters. 
In effect, the findings showed that pattern of change in 
different pulmonary functions were different for the two 
groups under study.

A similar observation was also made by Mehrotra et 
al.13 who although did not carry out an intervention study 
yet found pulmonary functions to vary significantly 
among players playing different sports (football, hockey, 
volleyball, swimming and basketball). The relevance of 
exercise training could be equated with the controls 
(non-players) in their study who had significantly lower 
values as compared to those playing different sports, 
thus showing that regular exercise/sports activity has a 
positive impact on pulmonary functions. In present study, 
such impact was observed in both the groups, and for all 
the five pulmonary function parameters being studied. 
However, some workers like O’Donnell et al.14 did not 
find a significant impact of 12week endurance training 
programme on pulmonary functions. However, the 
difference in type of study population could be specified 
the reason for this difference between two studies. 
In present study, all the subjects were young healthy 
volunteers (18-25 years), however, the cited study had 
included patients with chronic airflow limitation. Thus 

the pattern of response could be dependent on the type 
of patient. In another study, Ortega et al.15 showed a 
significant change in pulmonary functions of COPD 
patients undergoing 12week endurance training but did 
not find a significant change among those undergoing 
resistance training or a combination of two. In present 
study too, though the pattern of response for some of the 
pulmonary function parameters varied across two groups 
yet in general an improvement in all the pulmonary 
function parameters (irrespective of magnitude) was 
observed in both the groups. In general, the findings 
of the study showed that exercise of either type had a 
positive impact on pulmonary function. Such observation 
has also been made in previous studies too. Amonette 
and Dupler16 showed a significant improvement in 
pulmonary functions of both competitive triathletes as 
well as marathon runners. 

There are relatively fewer studies targeted healthy 
individuals. However, similar to results of our study they 
have also showed a significant increase in pulmonary 
functions parameter(s) irrespective of the type of 
exercise17,18,19,20,21. However, these responses were 
specific for some factors like gender but did not show 
much difference with respect to type of exercise. In 
present study too, we did not find a significant difference 
between two exercise training programmes for most of 
the parameters except FEV1/FVC. 

The findings in present study thus showed that 
both resistant and endurance training exercises have a 
positive impact on pulmonary functions. These findings 
are interesting and show the relevance and importance 
of exercise in today’s world where respiratory disorders, 
particularly, COPD is expanding extensively. Given the 
usefulness of either of two training programmes, one 
can select the type of exercise dependent on the targeted 
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performance goals. For muscle building resistant 
exercises are a better option whereas for athletic 
performances, endurance exercises could be the better 
option. These results have a high relevance both in terms 
of application in fitness, performance improvement 
and pulmonary rehabilitation programmes, however, 
inclusion of more variables with targeted objectives 
other than pulmonary functions is recommended.

CONCLUSION

FEV1/FVC ratio in group B(Endurance training) 
were found to be higher and statistically significant than 
group A(Resistance training).Increase in pulmonary 
function variables like FVC, FEV1, FEV1/FVC, 
FEF25-75% and PEF were found to be higher in group 
B than group A and change is found to be statistically 
significant.

Both endurance as well as resistance training 
programmes provided significant improvement in 
pulmonary functions.But endurance training being 
better in achieving targeted goals for exercise.
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ABSTRACT 

Background and Aim: The lungs, with their better surface area, are straight open to the outside environment 
and are greatly prejudiced by epidemiological, environmental and occupational factors. For the functional status 
of the lungs, pulmonary function testing has major role. Present study was aimed to study the influence of acute 
exercise on pulmonary function tests in normal young individuals. 

Materials and Method: Present study was conducted at Department of Physiology, Index Medical college 
Hospital and Research Centre, Indore. A total of 102 students comprising of 51 males and 51 females in the age 
group of 17-22 years were divided into four groups based on their body mass index as Underweight, normal, 
overweight and obese individuals. Respiratory parameters were measured at rest and after an incremental form of 
acute exercise in the bicycle ergometer. 

Results: No significant changes were observed in all the four groups before and after exercise in males. However 
the post exercise values of FVC and VC were reduced than the baseline values in overweight and obese females 
(p < 0.01). 

Conclusion: Acute exercise did not significantly affect the respiratory parameters. However the body fat 
distribution of the individual may significantly influence the ventilatory response to acute exercise in otherwise 
healthy individuals.
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INTRODUCTION 

The lungs, with their better surface area, are 
straight open to the outside environment and are 
greatly prejudiced by epidemiological, environmental 
and occupational factors. For the functional status 
of the lungs, pulmonary function testing has major 
role. In combination with the clinical assessment and 
other investigations, they can be used for establishing 
diagnosis, representing severity of the disease and also 
in assessing the prognosis. 

Exercise symbolizes a situation of physical exertion 
of the body and it is connected with extensive alterations 

in the circulatory and respiratory systems. The 
cardiovascular and respiratory mechanisms function in 
an incorporated fashion to meet the oxygen demands of 
the tissues during exercise.1 Measurement of pulmonary 
functions after work out could offer valuable information 
about the functional reserve capacity of lungs both in 
healthy persons and in patients with respiratory diseases. 
Exercise is used as a confront test to make a diagnosis 
of exercise induced bronchoconstriction in asthmatic 
patients with a history of breathlessness through or 
subsequent to exertion.2 

The ventilatory ability of a fit individual often 
exceeds the demands even during strenuous exercise.3

Despite this enormous reserve, the ventilatory reply to 
exercise may become unnatural in obese individuals 
with normal lungs.4 Astonishingly very few studies had 
explored the outcome of acute exercise on pulmonary 
function tests in normal individuals and they had 
revealed controversial results. 
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Though the relationship of gender and 
anthropometric indices on lung functions have been well 
recognized, 5,6 their influence on the exercise persuade 
changes on pulmonary function tests in young healthy 
individuals have received less notice. Thus the present 
study aimed to assess the influence of exercise on 
pulmonary function tests in young healthy individuals. 

MATERIALS AND METHOD

Present study was conducted at Department of 
Physiology, Index Medical college Hospital and 
Research Centre, Indore. A total of 102 students 
comprising of 51 males and 51 females in the age group 
of 17-22 years were enlist for present cross sectional 
study. Simple random sampling was used for study 
participants’ recruitment studying at the institution. 
Students with History of current respiratory infections, 
allergies, H/o smoking, H/o bronchial asthma etc. were 
excluded from the study. After obtaining permission 
from the Institutional ethical committee, the procedure 
and purpose of the study were clearly stated to all the 
study participants. Informed consent was obtained from 
them. A thorough review of their medical history was 
done, followed by general and systemic examination. 

The participants were trained to wear light clothing 
during their study visits. During anthropometric 
measurements, the participants were instructed to 
stand erect with abdomen relaxed, arms at their sides 
and feet together. Weight (in kilograms) and Height (in 
centimeters) were measured. Body Mass Index (BMI) 
was calculated as the ratio of weight and square of 
Height in meters, using Quetelet Index. 

The study participants were divided into four 
subgroups based on their body mass index 

(BMI) in both the genders as: 

Group 1 – BMI < 18.5 (Underweight) 

Group 2– BMI – 18.5 – 24.9 (Normal) 

Group 3– BMI – 25.0 – 29.9 (Overweight) 

Group 4 – BMI ≥ 30 (Obese) 

Computerised spirometer “Superspiro” was used 
to measure the pulmonary function tests. The following 
variables were deliberate – Vital capacity (VC), Forced 
vital capacity (FVC), and Peak expiratory flow (PEF) 
at rest. The subjects were asked to make at least three 

acceptable exercises and the best of the three trials was 
chosen for reporting. 

Exercise testing was done in a computerized bicycle 
ergometer, with electronic gear shift of 28 gears as well 
as an intensity ranging from 25 – 800 watts. Each subject 
was permitted to take rest for 10 minutes, before starting 
the exercise. Each subject was allowed toundergo 
incremental exercise, for first 5 minutes in the bicycle 
ergometer, by increasing the resistance to pedaling (from 
25 watts to 50 watts). Then the subject continued cycling 
at that fixed power, for a period of ten minutes. At the 
end of exercise, the subject was asked to relax and the 
pulmonary function parameters were another time 
measured using the computerized spirometer, within 
the first 2 minutes after the end of exercise. The results 
obtained were tabulated and analyzed. 

Statistical analysis: 

The data was coded and entered into Microsoft 
Excel spreadsheet. Analysis was done using SPSS 
version 15 (SPSS Inc. Chicago, IL, USA) Windows 
software program. The variables were assessed 
for normality using the Kolmogorov-Smirnov test. 
Descriptive statistics were calculated. Means of both 
groups were compared by independent student t-test. 
Level of significance was set at p=0.05. One way 
analysis of variance was used for the comparison of the 
respiratory parameters within various groups of BMI in 
both the genders at rest. 

RESULTS 

A total of 102 students were recruited for this 
cross sectional study, comprising of 51 males and 
51 females. Table 1 shows the baseline characte 
respiratory parameters of the study participants at rest. 
every respiratory parameters other than FEV1% were 
significantly higher in males compared to the females 
(p < 0.001). Respiratory parameters before and after 
acute exercise within the groups in male revealed that 
VC, FEV1, FVC and PEF were significantly lower in 
groups 1(underweight), 3 (overweight) and 4 (obese) 
compared to group 2 (normal)(p< 0.001). No significant 
changes were observed in the respiratory parameters 
after exercise in all the four groups. 

Respiratory parameters before and after acute 
exercise within the groups in female revealed 
that revealed that VC, FEV1, FVC and PEF were 
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significantly lower in groups 1(underweight), 3 (overweight) and 4 (obese) compared to group 2 (normal) (p< 0.001). 
However intragroup comparison of the pre and post exercise values revealed that FVC was significantly reduced in 
3(overweight) group after exercise and VC was reduced in 4 (obese) group after exercise (p < 0.01).

Table 1: Baseline respiratory parameters of the study participants

Gender Numbers VC
(Mean±SD)

BMI
(Mean±SD)

FEV1
(Mean±SD)

PEF
(Mean±SD)

Male 51 3.34±0.74* 24.12±2.66 3.56±0.70* 6.34±1.43*

Female 51 3.05±0.32 23.84±2.69 3.01±0.57 6.01±1.23

BMI – Body mass index, VC – Vital capacity, FEV1 – Forced expiratory volume in first second

* indicates statistically significance at p≤0.05

DISCUSSION 

The present cross sectional study designed to study 
the influence of exercise on pulmonary function tests in 
young healthy individuals. The baseline values of the 
respiratory parameters between the genders showed a 
significant statistical difference, with males showing 
the higher values. These results are in accordance 
with other studies and could be explained with the 
greater muscular strength in males.5-7 A comparison of 
the respiratory parameters before work out between 
the various groups of males and females, revealed a 
statistically significant influence of body mass index on 
the pulmonary function. Individuals with a normal body 
mass index had a significantly higher values contrast to 
the underweight, overweight and the obese individuals. 
However there was no change in FEV1 %. These results 
are in agreement with the results of Saxena et al.8 and 
Wannametheeet al.9 Increased body fat percentage, 
mechanical limit to the movement of abdomen and 
thorax and increased airway resistance in overweight 
and obese individuals, could explain current results. 
Poor respiratory muscle strength could add to lower 
values of the respiratory parameters in the underweight 
individuals as suggested by Muralidhara DV.10 

Considering the effect of acute exercise, overall 
no significant change was observed in the respiratory 
parameters after exercise in males and the underweight 
and normal females. These results are in accordance 
with the results of Chen Y et al.11 However this was 
in contrast to the findings of Ikram MH, who stated 
that release of catecholamines during exercise, cause 
a noteworthy rise in FEV1 after exercise in both the 
sexes.12Lakshmi PVV studied the cardiopulmonary 

changes with exercise in adolescents and observed an 
increase in FEV1, but without any changes in FVC. It 
has also been reported that mild and moderate exercise 
does not create a significant alteration in the pulmonary 
function tests in young individuals.13 In contrast, Sagher 
F in his study explored the bronchoconstrictor effect of 
exercise as a fall in PEF, in healthy Libyan children. The 
bronchospasm in healthy children was accredited to the 
low temperature and dry stimulus to the airways during 
exercise.14 The disparity in the results could be due to the 
differences in the mode and strength of exercise. 

In females, a significant reduction was observed 
in FVC and VC after acute exercise in individuals with 
a superior body mass index. However Faria AG et al 
reported that body fat distribution persuade the resting 
values more than the changes after exercise.15A decrease 
in lung volumes in persons with higher body mass index 
appears to increase respiratory resistance, causative to 
exercise induced reduction in FVC in these subjects as 
observed by Navarro B et al16 and Kaplan et al.17 This 
reduction being significant only in the females could be 
explained by the fact that they have slighter respiratory 
muscle strength and therefore prone for a larger decline 
of lung volumes and flow rates, which matched with the 
findings of Canoy D et al.18 

CONCLUSION 

The findings of the present study indicates that 
pulmonary function tests are not distorted with acute 
exercise in normal individuals, though exercise induced 
changes may be considerably influenced by higher 
body mass index and respiratory muscle strength. This 
demonstrates that enormous ventilatory reserve in an 
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individual with regular lungs could be compromised 
due to many factors like obesity. Although the beneficial 
effects of constant physical training has demonstrated 
effects, more research required to be done to discover 
the beneficial effects of acute exercise and its efficiency 
as a selection tool in assessing the functional capacity of 
the lungs.
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ABSTRACT

Background: Diabetes mellitus (DM) is a leading health care problem with long term complications. Studies 
have shown compromised lung function in type-2 DM but there is still lack of clarity on its relation with disease 
duration. This study was carried out to determine effect of duration of type-2 DM on pulmonary function. 

Objectives: We aimed to investigate if any relation exists between deterioration of lung function and duration of 
disease.

Material and method: A cross sectional study was carried out on 80 diagnosed type-2 DM patients from the rural 
population of Sullia who attended KVG medical college OPD, they were non smokers and did not suffer from any 
cardiopulmonary disease. They were divided in two groups based on disease duration, Group-A had 38 subjects 
with diabetes for 2-4years and Group-B consisted of 42 subjects with 8-10years of disease. PFT was performed 
using a digital spirometer (UNI-EM Spiromin). Statistical analysis was done using unpaired t test.

Results: FVC (in L) in Group-A and B was 4±0.67 and 3.06±0.39 respectively with p<0.0001. FEV1 (in L) in 
Group-A and B was 3.6±0.63 and 2.86±0.34 respectively with p<0.0001. FEV1/FVC ratio (in %) in Group-A 
and B was 90.26±5.08 and 93.74±4.2 respectively with p=0.03. So, FVC and FEV1 showed extremely significant 
decrease, FEV1/FVC ratio showed significant increase and PEFR on the other hand showed no significant change 
with increase in duration of diabetes.

Conclusion: PFT findings in this study indicate that, as duration of type-2 DM increases, restrictive lung disease 
becomes more prominent.
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INTRODUCTION

Diabetes mellitus (DM) is a leading health care 
problem with long term complications. Type 2 diabetes 
results from the body’s ineffective use of insulin.1  

Type 2 diabetes comprises the majority of people with 
diabetes around the world 1, and is largely the result 
of excess body weight and physical inactivity. It is 
associated with an ongoing malfunction of numerous 
organs, and its complications are mainly a consequence 
of macrovascular and microvascular damage. 

Several respiratory alterations have been reported 
in association with diabetes mellitus, mainly insulin-
dependent diabetes including elastic recoil2,3 reduced 
lung volumes,2 diminished respiratory muscle 
performance,4 decrease in pulmonary diffusion capacity 
for carbon monoxide.5-8 The association of reduced 
lung function and diabetes has been described for 
many years.9  Some studies have shown that pulmonary 
functions are reduced in type 2 DM and duration of 
diabetes has more influence on pulmonary functions 
than glycemic control.10

If diabetes is detected early and adequate steps 
are taken, it may be possible to significantly delay 
the occurrence of complications and there after their 
progression. A lot of research work is being carried out 
on the after effects of Diabetes Mellitus on pulmonary 
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parameters worldwide. Several studies have shown 
reduced pulmonary function in DM but there is paucity 
of literature on its relation with disease duration. This 
study was carried out to determine effect of duration 
of type-2 DM on pulmonary function. Therefore this 
study was undertaken to find out the correlation between 
duration of type 2 DM and Pulmonary function test 
parameters.

AIMS & OBJECTIVE

To investigate if any relation exists between 
deterioration of lung function and duration of disease. 

MATERIAL & METHOD

A cross sectional study was carried out on 80 
patients diagnosed with type-2 DM  of age 40-60 years, 
from the rural population of Sullia who attended the 
KVG medical college out patient department. Written 
and informed consent was taken from the study subjects. 
Ethical clearance was taken from the institute’s ethics 
committee. 

Inclusion criteria

Type 2 DM patients of age 40 - 60 years, not 
involving any exclusion criteria.  

Exclusion criteria

1. Patients not willing to participate in the study.

2. Age above 60 years.

3. Patients of known chronic obstructive or 
restrictive lung disorders.

4. Subjects with history of smoking/ chronic drug 
intake.

5. Subjects with gross abnormalities of the 
vertebral column or thoracic cage, neuromuscular 
disease, malignancy, cardiopulmonary disease or a 
history of major abdominal or chest surgery.

The study subjects were divided in two groups 
based on duration of type-2 diabetes mellitus. Group-A 
had 38 subjects with diabetes for 2-4 years and Group-
B consisted of 42 subjects with 8-10 years of disease. 
A detailed history was obtained and recorded from the 
control and the study group in the prescribed proforma. 
Height (in cms) of the subjects was measured in standing 
and erect posture. Weight (in kgs) was recorded using 

standard weighing machine in standing posture.

The pulmonary function tests, forced vital capacity 
test (FVC) and Percentage forced expiratory volume in 
first second (FEV1)  and peak expiratory flow (PEF) 
were carried out by using the computerized Spirometer-
(UNI-EM Spiromin) using the standard laboratory 
methods. A disposable mouth piece was inserted into 
the sensor housing of the Spiromin ensuring that the 
mouthpiece was inserted at least 0.5 cm into the housing 
and was firmly held. The mouthpiece was inserted well 
into the mouth of the subject (beyond the teeth) and the 
mouth must be closed around the mouthpiece to ensure 
that air cannot escape from the sides of the mouth. A 
nose clip was fitted to the nose of the subject to ensure 
that no air can escape through the nostrils. The subject 
was asked to hold the spiromin either in two hands (one 
at each end) or as an alternative in one hand. 

The relevant data of the subject (age, sex, height 
in cm and weight in kg) were fed into the Spirometer. 
The test module was activated and the subject was given 
proper instructions about the procedure to be performed. 
All the pulmonary function tests were done on the 
subjects in standing position. During the test the subject 
was adequately encouraged to perform his/her optimum 
level.

FVC test

The subject was asked to breathe at rest for a 
few moments, and then inspire slowly as much air as 
possible and then make a complete expiration as fast 
as possible, to complete the cycle by inspiring again as 
quickly as possible.

Parameters recorded during FVC test

1. FVC (forced vital capacity)

2. FEV1 (forced expiratory volume at the end of 
first second)

3. PEF (peak expiratory flow)

4. FEV1/FVC ratio

Statistical analysis was done using unpaired t test. 

OBSERVATION & RESULTS     

The data which has been presented in Table-1 shows 
that there were 38 type 2 diabetes patients who had the 
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disease for 2-4 years made up 47.5% of the study population belonged to Group A. Group B comprising of 52.5% of 
the study population were the ones who had type 2 DM for 8-10 years.

Table-1: Division of diabetic population based on duration of disease

Duration Number %

Group A 38 47.5

Group B 42 52.5

Table 2 and Table 3 show that no significant difference (p > 0.05) is there between the physical characteristics of 
group A and group B subjects on statistical analyses of age, sex, height, weight and BMI.

Table-2:  Age and gender distribution of study subjects

Groups N
Age (Yrs) Sex

Male Female

Group A 38    52.60 ± 3.1 20 18

Group B 42 52.52 ± 3.2 22 20

Significance p > 0.05, NS >0.05, NS

All values are expressed as Mean ± SD Analysis of all parameters done by Independent T- test, 
HS-Highly significant, S- Significant, NS-Not significant

Table-3: Physical characteristics of study subjects

Groups Height (meter) Weight (Kg) BMI (kg/m2)

Mean ± SD Mean ± SD Mean± SD

Group A 1.73 ± 0.05 66.76 ± 11.11 22.32 ± 3.33

Group B 1.71 ± 0.07 66.12 ± 11.71 22.38 ± 3.21

Significance  
     p > 0.05, NS > 0.05, NS > 0.05, NS

Analysis of parameters done by Independent T- test                                                                                    HS-Highly 
significant, S- Significant, NS-Not significant

Table 4: Comparison of pulmonary function test between the groups

Group A Group B Significance
      p

FVC (in l) 4.00 ± 0.67 3.06 ± 0.39 <0.0001, HS 

FEV1  (in l) 3.60 ± 0.63 2.86 ± 0.34 < 0.0001, HS 

FEV1/FVC (%) 90.26 ± 5.1 93.74 ± 4.2 < 0.05, S 

PEFR (l/sec) 5.00 ± 2.2 5.2 ± 1.7 > 0.05, NS 

All values are expressed as Mean ± SD, Analysis of all parameters done by Independent T- test , HS-Highly 
significant, S- significant, NS-Not significant

It is evident from Table-4 that in group B subjects there was a highly significant decrease in the FVC and FEV1 as 
compared to group A individuals. FEV1/FVC showed significant increase and PEFR showed no significant change 
in group B as compared to group A.
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DISCUSSION

In this study, there was no significant difference in 
anthropometric parameters between group A and group 
B. These being the major determinants of spirometric 
values, the main determinants of ventilatory differences 
are likely to be the duration of diabetes.

In this study we found that statistically there was 
a highly significant decrease in the level of FVC and 
FEV1 in diabetics with 8-10 yrs of diabetes compared 
to those with 2-4 yrs of the disease. FEV1/FVC showed 
significant increase and PEFR showed no significant 
change with increased duration of disease (Table 1).

Similar findings were reported in their study by 
Meo SA et al.11 & Anand R et al. who concluded that 
lung functions were negatively correlated with glycemic 
status and duration of diabetes (r = –0.390, & –0.342).12

In a study by Robert E. Walter13 with duration 
of the disease, the ratio was increased by 1.5% in 
diabetics which was stastically significant. Similar to 
our findings.

Similarly, Meo et al.14 in their study showed a 
significant reduction in FVC for patients with diabetes 
of duration of 5–12 years compared with their matched 
controls and patients with diabetes with duration 
of disease more than 12 years showed a significant 
reduction in FVC, FEV1, and FEF25–75% relative to 
their matched controls.

Rosenecker et al.15 reported that in patients with 
diabetes, FVC and FEV1 declined significantly over the 
5-year study period. Patients without diabetes did not 
experience a significant decline in these measurements 
during the study period.

PEFR was seen to be reduced but not significantly 
in our study. Similarly, in a study by Kanya KDH et al.,16

no change in PEFR values in diabetics was observed 
as the duration of diabetes increased indicative for 
restrictive pattern. 

CONCLUSION

Lung volumes including FVC, FEV1, PEFR, and 
FEV1/FVC using digital spirometer were recorded to 
test the pulmonary functions. Significantly higher lung 
volumes were seen in the group with shorter (2-4yrs) 
duration of diabetes as compared to longer (8-10yrs) 
duration of diabetes group. Hence, significant increase 

in restrictive pattern of pulmonary function was seen 
with increased duration of diabetes. 
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ABSTRACT

Context: Polycystic ovarian syndrome, commonly known as PCOS, is an endocrine disorder seen in women of 
reproductive age. Polycystic ovarian syndrome is estimated to effect 4-12% of women throughout the world and 
is most commonly characterized by hyperandrogenism and insulin resistance each of which affect 60% to 80% 
of PCOS patients and 50-80% of PCOS women respectively. Aims:To evaluate the levels of thyroid hormones 
in women with PCOS. Method :80 female patients with PCOS based on Rotterdam criteria,80 volunteer females 
included as controls , serum levels of TSH, T3 and T4 were tested in two groups. Results Significant increase in 
TSH along with a significant decrease in T3 and T4 in PCOS females matched against controls (p< 0.05).

Conclusion PCOS is linked to hypothyroidism and more studies should be carried to reveal the precise 
relationship.

Keywords:  Thyroid hormones, polycystic ovarian syndrome, T3, T4, TSH

INTRODUCTION

Polycystic ovarian syndrome ( PCOS) [ the major 
endocrinopathy of females in the reproductive age ] and 
the thyroid disorders are the two most common endocrine 
disorders in the general population and though these both 
disorders differ in etiopathogenesis , these two entities 
have common features[2]. Polycystic ovarian syndrome 
(PCOS) also called as Stein- Leventhal syndrome 
causes the signs and symptoms due to elevated male 
hormone in women[10]. These include irregular or no 
menstrual periods, excess body and facial hair, acne, 
pelvic pain, patches of thick, darker and valvetty skin[10]. 
During the reproductive years, PCOS is associated with 
important reproductive morbidity including infertility, 
irregular uterine bleeding and increased pregnancy 
loss[10]. Associated with increased cardiovascular and 
metabolic risk factors like type 2 diabetes, obesity, 
obstructive sleep apnoea, mood disorders, heart 
disease and endometrial cancer[3]. The first recognition 
of an association between glucose intolerance and 
hyperandrogenism (HA) was the famous report of 
the bearded diabetic woman by Archard and Thiers 
in 1921[4].The level of thyrotropin releasing hormone 
(TRH) in primary hypothyroidism is raised which leads 
to rise in prolactin and thyroid stimulating hormone 

(TSH)[2]. The change in the ratio of follicle stimulating 
hormone (FSH) and Leutinizing hormone(LH) and 
increased DHEA from the adrenal gland, all these 
contributes towards polycystic morphology by inhibing 
ovulation[2]. Increased TSH also has its effects on 
FSH receptors. Increased TSH also contributes in the 
deposition of collagen in the ovaries[2]. According 
to the study conducted by Muderris et al, twenty six 
females on treatment for primary hypothyroidism with 
mean TSH 57.1mcg/dl underwent evaluation of ovarian 
volumes before and after replacement with thyroxine[2]. 
Out of twenty six, ten of the hypothyroid females had 
polycystic appearing ovaries on ultrasound sonography 
test[2]. All the women with primary hypothyroidism had 
significantly higher ovarian volumes than controls[2]. 
Normalization of ovarian volumes in all patients with or 
without polycystic appearing ovaries , after replacement 
with thyroxine[2]. Consistent regression of the ovarian 
cysts after thyroid hormone replacement therapy 
supports a causal relationship between hypothyroidism 
and ovarian stimulation[5]. Speculation regarding the 
autoimmune thyroiditis, which predisposes subjects to 
develop characteristics suggestive of PCOS or whether 
PCOS is the forerunner of autoimmune thyroiditis is not 
yet cleared[2]. The aim of the present study is to evaluate 

DOI Number: 10.5958/2320-608X.2017.00069.5 



International Journal of Physiology, July-December 2017, Vol. 5, No. 2            121         

thyroid hormones level and their role in women with 
polycystic ovarian syndrome.

MATERIALS AND METHOD

The study was conducted on the subjects attending 
the out patient clinic in M.R.Medical college & 
Teaching Hospital , Gulbarga, Karnataka between July 
2012 to Feburary 2013. The study included 80 female 
patients suffering from PCOS. Diagnosis of PCOS is  
made according to the Rotterdam European Society 
for Human Reproduction and Embryology/ American 
Society for Reproductive Medicine. The protocol 
was approved by the local ethics committee. All the 
patients gave a written consent.The Control group (n= 
80) consisted of healthy subjects without any systemic 
disorder. Free T3, Free T4 and TSH concentration were 
measured by mini-VIDIS.

Inclusion criteria

- Female between 18 to 39 years of age

- Presented with clinical history of PCOS and 
Hypothyroidism.

Exclusion criteria

- Female below 18years and over the age of 
39years were excluded from the study

- Diabetes Mellitus

- Hperprolactinemia

- Congenital adrenal hyperplasia

- Androgen secreting tumours

- Cushing syndrome

- Infection diseases

- Hypertension

- Medications including OC pills, antilipidemic 
drugs, insulin sensitizing drugs, within 3 months before 
enrolement.

STATISTICAL ANALYSIS

All data analysed using the Statistical Package for 
Social Sciences ( SPSS) software computer program 
version 20.0.

Data expressed as mean ± Standard Deviation( SD)  
following analysis using independent t-test. A value of 
p<0.05 was considered significant.

RESULTS

Table 1: Serum level of TSH in women with 
PCOS were significantly elevated compared to healthy 
control group. Serum level of free T4 and free T3 were 
significantly decreased compared to healthy control 
group.

Parameters Patients
n=80

 Control 
n =80 P-value

TSH 8.2 ± 8.0 1.6± 1.2 0.00*

Free T4 0.3 ± 0.2 1.0 ± 0.2 0.00*

Free T3 5.4 ± 1.8 9.2 ± 2.0 0.00*

Table shows mean ± SD and probability (p) *

*P – value < 0.05 is considered significant 

DISCUSSION

The prevalence of subclinical thyroid dysfunction in 
reproductive years is about 4-6%[2].Various publications 
have reported increased incidence of thyroid disorders in 
females with PCOS[2].A higher prevalance (26.9% versus 
8.3% of controls) of autoimmune thyroiditis (AIT) in 
PCOS has been reported in one study to date[7]. Sinha 
et al, compared 80 PCOS females with 80 controls and 
found significant higher prevalance of goiter in PCOS 
as compared to controls[2]. Janssen et al, documented a 
high mean level of TSH in PCOS patients[1]. Ghosh et 
al, analysed the part of hypothyroids in the causation 
of PCOS and proposed that hypothyroidism resulted 
in reducing sex hormone binding globulin level and 
increament of testosterone level[1]. The most obvious 
connection between PCOS and hypothyroidism is 
increased BMI and insulin resistance common to both 
conditions2. Experimental studies have shown that in 
normal conditions, thyroid hormones may influence 
the expression or activation of uncoupling protein, 
b-adrenergic receptor, and peroxisome proliferator-
activated receptor-gamma, all of which are involved 
in regulating insulin sensitivity (Frederiksen et al., 
2002; Dallongeville et al., 2003; Wang et al., 2004)[8].   
The association of IR and hyperinsulinemia of PCOS 
with elevation of various cytokines such as IL-4, IL-
6, TNF-a, and their alteration after treatment with 
insulin sensitizers is well established[9]. Obesity is 
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associated with increase in proinflammatory markers 
and increase in insulin resistance[2]. This leads to 
decreased deiodinase-2 activity at pituitary level 
resulting in relative T3 deficiency and increase in TSH 
levels[2]. High insulin levels cause the pituitary gland 
to make too much luteinzing hormone (LH) and too 
much LH causes overproduction of testosterone, these 
hindering ovulation[10]. Kachuei et al, found that women 
with PCOS had a 65% increase in thyroid peroxidase 
antibodies and a 26.6% increase in the incidence of 
goiter, when compared to age matched subjects[10]. 
It has been proposed that women with Subclinical 
hypothyroidism and ovulatory dysfunction, infertility, 
or desire to become pregnant should be treated[6].Our 
study revealed a significant increase in mean ± SD level 
of serum TSH level in PCOS patients in contrast to 
controls[1]. In this study there was a significant decrease 
in mean  ± SD level of serum T4 and T3 in PCOS women 
compared with those in control group. 

CONCLUSION

The study suggests that hypothyroidism is related 
to PCOS and this will lead to autoimmune disease. 
Thyroid health has a profound impact on the pathology 
of PCOS affecting all aspects of disorder[10]. Correcting 
subclinical hypothyroidism is the key in improving 
overall hormonal and metabolic health[10]. Doctors 
should look at the specific relationships that exist in each 
and every patient to create a plan that helps to restore 
optimal metabolic and hormonal health[10].
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ABSTRACT

Background: The sensory modality which we use to assimilate and learn information may be visual (V), auditory 
(A), read-write (%) or Kinesthetic (K). Individuals who prefer one modality are said to be unimodal and those 
preferring two or more than two sensory modality are multimodal. Medical students are no exception to this.  
Males and females excel differently from each other as males have better spatial ability and females have better 
language ability. The aim of our study was to find out whether there were any differences in sensory modality 
preferences between male and female I year medical students.

Method: The VARK 7.8 questionnaire in paper pencil format was distributed to the students of I year MBBS. 
Students were informed that they should complete the form and fill up gender information which was entirely 
voluntary. The completed forms with gender information  was collected randomly from 60 males and 60 females. 
The completed forms were processed and the learning style preferences based on VARK was determined.

Results: Multimodality was the most dominant preference with 66% of males and an equal percentage of females 
preferring two or more of the modalities. Chi-square test did not find any significant difference between learning 
modality preferences in Males and females.

Conclusion: There are no significant differences between males and females with respect to VARK learning style 
preferences.

Keywords: VARK , Medical students, gender differences, multimodal, unimodal, Visual, auditory, kinesthetic 
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BACKGROUND 

Each of us assimilate information by using one or 
more of our sensory modalities. While some of us prefer 
visual (V) modality and hence learn best by seeing 
pictures and maps, some others may be auditory (A) and 
they would prefer hearing information and learn best 
by assimilating information through auditory modality. 
While some others prefer read write mode(R) and 
may assimilate best from reading books, a few others 
may prefer kinesthetic modality (K) and assimilate 
best by manipulating models or doing an experiment 

1, 2. Individuals could have single strong preference 
that is, they could have a unimodal preference or they 
could have multimodal preference where they learn 
best by assimilating information through more than 
one sensory modality. Medical students also have their 
own preferences in assimilating information. Just as we 
cannot feed a stork food in a flat plate, knowledge of 
student preferences is required for reasons of pedagogy.

Research has revealed that male and female brains 
are quite different. For example, boys have better 
spatial ability whereas girls have better language skills3. 
Furthermore, attention deficit hyperactivity disorder in 
more common in males whereas inattention is more 
common among girls4. I hypothesize that there are 
differences in sensory modality preferences between 
male and female medical students.
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SUBJECTS, MATERIALS AND 
METHODOLOGY

Subjects:  I year medical students /freshers were 
included in the research project.

Design: comparative study design

Instrument: The VARK questionnaire 7.8 devised 
and improvised by Fleming was used in pencil paper 
format. The questionnaire has 16 questions.  Each 
question presents a real life situation which could be 
solved in one of the 4 ways as the answers given to each 
question. Students can use one or more of the 4 sensory 
modality preferences to solve the real life situation. The 
students were instructed to complete the questionnaire in 
the next 10-15 minutes.

METHODOLOGY

The hard copy of the questionnaire was distributed 
to all the 210 students studying in I year MBBS. Students 
were informed that they should write their age and gender 
on the first page of the questionnaire and to return the 
completed VARK 7.8 questionnaire. Students were also 
instructed that offering gender information was entirely 
voluntary. 60 male and 60 female I year medical students 
whose VARK questionnaire was complete with respect 
to gender information were included in the study.

Statistical analysis: Data were entered in Microsoft 
excel and was represented by pie charts. Comparison 
of learning preference in two groups male and female 
genders was compared using chi square test. Significance 
was at P<0.05

The following chart shows selected few questions 
provided in the VARK questionnaire 7.8

Choose the answer which best explains your 
preference and circle the letter(s) next to it. Please circle 
more than one if a single answer does not match your 
perception. 

Leave blank any question that does not apply.

 1. You are helping someone who wants to go to 
the airport, the center of town or railway station. You 
would: 

a. go with her. 

b. tell her the directions. 

c. write down the directions. 

d. draw, or show her a map, or give her a map. 

2. You are planning a vacation for a group. You 
want some feedback from them about the plan. You 
would: 

a. describe some of the highlights they will 
experience. 

b. use a map to show them the places. 

c. give them a copy of the printed itinerary. 

d. phone, text or email them. 

RESULTS

Graph 1-

Graph 1 shows percentages of females with 
multimodal preferences, unimodal visual, unimodal 
auditory, unimodal read write and unimodal kinesthetic  
references

Graph 2

Graph 2-Shows percentages of males with 
multimodal preferences, unimodal visual, unimodal 
auditory, unimodal read-write and unimodal kinesthetic 
preferences
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Graph 5

Graph 5 shows all the subdivisions of learning 
modality preferences with the horizontal bars 
representing  percentages of females in each subdivision 
of learning modality preferences.

Graph 6

Graph 6 shows all the subdivisions of learning 
modality preferences with the horizontal bars 
representing  percentages of males in each subdivision 
of learning modality preferences 

Graph 1 shows sensory modality preferences in I 
year female medical students.66% of female students 
had multimodal preference. The rest had unimodal 
preferences. Among female students, 29% of them were 
unimodal kinesthetic while 5% had unimodal auditory 
preferences. Unimodal with visual and unimodal with 
read write were nil.

Graph 2 shows learning preferences in male medical 
students.  66% of the males had multimodal preferences. 

Contingency Table 1:

MALES FEMALES P

Unimodal visual 0 0 

Chi-square -2.28
P=0.699(Not significant)

Unimodal Aural 6 3

Unimodal read write 1 0

Unimodal  kinesthetic 15 18

Multimodal 43 41

Graph 3

Graph 3 shows how females with multimodality 
preferences could be further subdivided into those with 
bimodal, trimodal and quad modal preferences.

Graph 4

Graph4 shows Subdivisions of males with 
multimodality preferences into bimodal, Trimodal and 
quadmodal preferences.

Contingency table 2

Males Females P

Bimodal 15 14 Chi-square-
3.07
P=0.22(Not 
significant)

Trimodal 9 15

Quadmodal 19 12

Graph 5
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Among male students, 23% had unimodal kinesthetic 
preferences. Unimodal auditory preference was found in 
9% of males, 2% had unimodal read write preferences 
and none had unimodal visual preferences.

Table 1 shows the contingency table as observed 
in female students where number of students in each 
category of unimodal, and multimodal (depicted as a 
single group). Chi square was found to be insignificant

Graph 3 shows that, of the female students who had 
multimodal preferences, 29% had bimodal, 37%had 
Trimodal preferences and 34% had quad modal 
preferences.

Graph 4 shows that, of the male students who had 
multimodal preferences, 44% of the multimodal males 
had bimodal, 21% had Trimodal and 35% had quad 
modal preferences.

Table 2 shows the contingency table representing 
the subdivisions of the multimodal group. Chi-square 
test showed no significant difference between males and 
females.

Graph 5 and 6 show each modality and their 
combinations expressed as horizontal bars in female and 
male I year medical students respectively. While the X 
axis represents Percentages, the Y axis denotes various 
modalities.

Graph 5 shows that the largest group among females 
was the unimodal Kinesthetic at 29%. The second 
largest was quadmodal (VARK) at 23%. AK, ARK, 
VAK, VRK followed quadmodal in descending order 
of popularity. K is a component in all combinations of 
popular multimode preferences while R, VK, VR and 
VAR preferences were absent.

Graph 6 shows that among males, Unimodal 
kinesthetic and quadmodal were popular groups, with 
23% of males opting for unimodal kinesthetic and 23% 
opting for quadmodal preferences.. The next popular 
preference was AK at 19.5 % and V, VK and VR were 
unpopular at 0%.

DISCUSSION

Multimodal learning preference was found to be 
popular among both female and male I year medical 
students. Sixty six percent of male and same percentage 
among females was found to be multimodal. Multi modal 
means a preference of two or more sensory modality for 
assimilating information. Slater et al found 56.1% males 

and 56.6% females were multimodal5. Dissanayake 
found no difference between men and female 
physiotherapy students. Only 26% had multimodal 
preferences in the Srilankan study on physiotherapy 
students6. Mitesh Sinha found that 46% females were 
found to be multimodal while 82% of male medical 
students were found to be multimodal7. Werheim et al 
found 87.5% of males and 45.8% of females to have 
multimodal learning preference8. We can observe from 
this that  while Slater et al and Dissanayake et did not 
find any gender differences , Werheim et al and Mitesh 
Sinha et al found differences between the males and 
females with respect to sensory modality preferences. 

Table 1 shows the contingency table where 
number of students in each category of unimodals, and 
multimodals (depicted as a single group). Chi square 
test showed that the two groups were not significantly 
different from each other9.

Werheim et al conducted research on gender 
differences in learning style preferences in 
undergraduate physiology students. He found that 
while majority of males preferred multimodal, females 
preferred Unimodal learning preferences. In our study, 
29% of the female students were unimodal kinesthetic 
while 5% had aural preference. Unimodal with visual 
and unimodal with read write were nil. 23% of the males 
were unimodal kinesthetic. Aural preference was found 
in 9% of males, Unimodal read write was at 2% and 
unimodal visual at 0%. According to research literature, 
Asiabar found 48.4% of the sample to be unimodal10. 
Among the unimodal, read write was 21.7%, aural 
was at 18.5% and 6.5% preferred kinesthetic and1.6% 
preferred visual in contrast to our study where most of 
the unimodal among females had kinesthetic preference 
at 29% among females. Mitesh Sinha et al found that 
among the unimodal which consisted of 54% of the 
female sample and 18% of the male sample, those 
with aural preference were the largest group among 
unimodal females and among the 18% of males who 
were unimodal, two largest groups were 8%with aural 
preference and 8% were kinesthetic7. 

In our study, in the multimodal category, 
multimodality consisted of bimodal 29%, Trimodal 37% 
and quad modal were at 34% in female medical students. 
44% of the multimodal males were bimodal, 21% were 
Trimodal and 35% were quad modal. In the research 
study done by Slater et al, among the multimodal 
females, bimodal was 33.3%, Trimodal was at 26.7% 
and quad modal was at 40% among females. Among the 
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males, bi, tri and quad modal were at 13%, 30.4% and 
56.5% respectively. This meant that a large percentage 
of men were quadmodal5. Whereas in our research study, 
the highest number of multimodal males were bimodal 
and among females it was shared to same extent by 
bimodal, Trimodal and quad modals.

Most classes are conducted in lecture format at 
our institute. The advantage of a traditional lecture 
format is that large volumes of information are passed 
to the student in a relatively short time compared to 
other methods. Replacement of this format with active 
learning strategies would help students learn better. This 
research project found no differences between the male 
and female students. However most of the students of 
either gender had multimodal preferences especially 
including the kinesthetic component. Designing lab 
experiments which apply basic principles of physiology 
or to understand certain concepts, would help students 
learn the topic better as they would use the kinesthetic 
modality to learn and assimilate new information.

Strength of the study: The VARK instrument 7.8 
has been validated and is accurate as given in their 
website 11, 12.

Limitations of this study: This research study was a 
single centre study with students coming from different 
parts of India with multicultural background and varied 
socioeconomic status. One confounding factor could 
have been the varied socioeconomic status, which we 
could not control for.

CONCLUSION  

There were no differences between male and female 
students with respect to learning style differences. 
Multimodal preferences were seen in both males and 
females. Of the unimodal preferences, most females had 
kinesthetic preference and same was found in males. 
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    ABSTRACT

Objectives: The present  study  was  carried out  to assess visual evoked potentials abnormalities in visual 
function exist in newly-diagnosed IDDM patients.

Method: Pattern reversal visual evoked potentials were recorded on evoked potentials recorder in 18 newly-
diagnosed IDDM patients (age: 21.3 ± 3.2 years; duration of disease: 6 ± 2.6 months), and in 18 age matched 
control subjects.

Results: In comparison with control subjects, newly diagnosed IDDM patients showed: VEP P100 latencies 
significantly delayed (P<0.05) but amplitudes were not changed significantly.

Conclusions: VEP measurement seems non-invasive and highly sensitive method for detecting early involvement 
and changes in optic pathways in diabetics.

Keywords: Pattern Reversal Visual Evoked Potentials (PSVEP) , P100 latencies , P100 amplitude, IDDM.

INTRODUCTION

Diabetes mellitus (DM) is a metabolic disorder 
which is characterised by hyperglycaemia resulting from 
defects in insulin secretion, insulin action or both. The 
long-term specific effects of DM include the development 
of retinopathy, nephropathy and neuropathy. Cardiac 
disease, peripheral arterial and cerebrovascular disease 
are also known to be linked with DM. Type 1 diabetes 
mellitus (IDDM) accounts for approximately 10% of 
all individuals with DM, and insulin therapy is the only 
available treatment. Type 2 diabetes mellitus (NIDDM) 
accounts for 90% of all individuals with DM. Diet, 
exercise, oral hypoglycaemic agents and occasionally 
exogenous insulin are used to manage NIDDM.

Diabetes mellitus is one of the most frequent 
endocrine disease, is characterized by metabolic 
abnormalities and long-term complications that affect 
various organs and systems.

Diabetes mellitus (DM) is a global health problem. 
It is estimated that by 2030, diabetes will affect about 
366 million people 1.

Hyperglycemia which, if untreated, is associated 
with significant risk of microvascular disease, and 
in particular diabetic retinopathy2. Nervous system 
involvement in diabetes has been amply documented. 
Important detectable changes in the higher functions 
appear to occur frequently in diabetics than commonly 
believed.3

Pattern-reversal visual evoked potential (PVEP) 
testing is an objective means of evaluating impulse 
conduction along the central nervous pathways. 
Increased peak time of the visual P100 waveform 
is an expression of structural damage at the level of 
myelinated optic nerve fibers.
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The aim of this study was to firstly observe pattern-
reversal visual evoked potentials (PVEPs) abnormalities 
in newly diagnosed IDDM patients. Secondly, to assess 
whether the central nervous system (CNS) and in 
particular visual function is affected by IDDM.

MATERIAL & METHOD

The present study involved 18 newly diagnosed 
IDDM patients of age (21.3 ± 3.2) years and duration 
of disease (6 ± 2.6 months) as cases and 18 age matched 
healthy volunteers as controls. The study was approved 
by the Institutional Ethical Committee. All the study 
subjects were investigated to rule out any other medical, 
neurological and ophthalmic problems that could affect 
VEP findings. The study subjects were instructed not to 
take any medication likely to influence VEP findings.

Exclusion Criteria:

1. Patients with history of any cardiac diseases, 
renal diseases, disease involving liver and respiratory 
system, hypertensive patients, patients with significant 
anemia (as per WHO criteria), electrolyte imbalance or 
resting abnormal ECG were excluded from the study.

2. Patients with any ophthalmological 
abnormalities like retinopathy, glaucoma or cataract, 
or visual acuity <6/18 with corrective lenses were 
excluded.

3. Duration of IDDM more than 1 year.

Before the test, complete procedure of the test was 
explained to the subjects and their informed written 
consent was taken. All the study subjects underwent a 
standardized protocol comprising of complete history, 
clinical examination including ophthalmic examination 
and other necessary investigations following which 
they were subjected to visual evoked potential (VEP) 
testing using RMS EMG EP MK-II machine equipped 
with pattern-shift stimulator monitor screen, signal 
amplifier with filters and a computer software system 
for averaging. VEP waves were recorded and analyzed.

Instructions to the subjects before the test:  

• Thoroughly wash hair and asked not to apply 
any hair chemicals, lotions or oils. 

• Subjects were instructed to ensure adequate 
sleep in the night before the test date.

• To bring the corrective lenses, if worn.

• Not to take any medications without 
consulting.

VEP was performed in a dark, quiet room specially 
equipped for electro-diagnostic procedure. Subjects were 
made to relax and sit comfortably in front of a video 
monitor displaying black and white checkerboard pattern 
at approximately 100 cm distance from the pattern-shift 
monitor screen. The subjects were asked to focus their 
gaze onto the red spot at the center of the screen. Each 
eye was tested separately (monocular testing). The 
checker pattern changed at a rate of approximately twice 
per second. Every time the pattern alternates, the visual 
system generates an electrical response that is detected 
and recorded by surface electrodes, placed on the scalp 
overlying the occipital and parietal regions as follows: 

Surface electrodes were fixed with adhesive 
electrolyte paste as follows: active electrode at Oz 
(which is highest point on the occiput), with reference 
electrodes on the midline of frontal region (Fz) or 12 
cm above the inion, ground electrode was placed at the 
vertex(Cz) (Fig-1). The bioelectric signal were filtered 
(band-pass, 1-100 Hz), and 150 events were averaged 
for every trial.

The visual stimuli were generated on a video monitor 
in form of checkerboard patterns (contrast 70%, mean 
luminance 50 cd/m2) that reversed in contrast at the rate 
of two reversals per second. The check edges subtend a 
visual angle of 15 minutes at the viewing distance of 100 
cm, with video monitor screen subtending an angle of 
12.5°. The refractive errors of all subjects were corrected 
for this viewing distance.

RESULTS   

All the data were presented as mean values 
with standard deviation (SD) for descriptive results. 
Comparisons were made between groups by unpaired ‘t’ 
test. Statistical significance was set on p < 0.05.

PRVEP was recorded in the IDDM patients as 
well as the control group and P100 latencies and P100 
amplitude  differences were analysed. [Table-1].

We found statistically significant prolongation of 
P100 latencies in newly diagnosed patients than controls 
(Table-1) i.e.101±5.62 Vs 97.16±4.11, p<0.05 and there 
was not significant change in P100 amplitudes values. 
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(5.42±1.43 Vs 5.88±2.05, P=0.44).

Table-1: Mean P100 latencies and amplitudes in newly diagnosed IDDM and controls.

Subjects No. of subjects Mean P100 Latency 
(Mean ± S.D.)

Mean P100 Amplitude 
(Mean ± S.D.)

IDDM 18 101±5.62 5.42±1.43

Controls 18 97.16±4.11 5.88±2.05

p- Value --- 0.02 0.44

DISCUSSION

The P100 is a prominent and more stable wave. It 
shows little variations between the subjects, minimal 
within-subject interocular difference, and minimal 
variation with repeated measurements over time4. 
Therefore, this paper focused more on the correlation 
P100 latency values among the groups which were 
examined.

In current study, The mean P100 latencies in newly 
diagnosed IDDM patients were significantly prolonged 
compared to controls (Table-1) i.e. 101±5.62 Vs 
97.16±4.11, p value - 0.02 (p<0.05).

Previous findings shown that prolonged latencies, 
particularly P100, could occur and be registered very 
early in patients with DM1 5,6.

The  above  findings are   in   accordance   with Sima 
et al.5, Karlica et al.6, Yaltkaya  K  et  al.7

The mean value of amplitude of P100 among cases 
was 5.42±1.43 and that of controls was 5.88±2.05.There 
was no significant difference in the amplitudes of P100 
among cases and controls (p=0.44). [Tables 1]

Chronic exposure to high blood glucose levels 
is strongly correlated with peripheral nerve lesion 
severity8,9. Hyperglycemia leads to some metabolic 
changes that are extremely harmful for nerve fibers: 
increased polyol pathway activity, upregulation of 
advanced glycation end products (AGEs), and increased 
oxidative stress. Excess glucose in nerve cells is diverted 
via polyol pathway, where the formation of sorbitol 
and fructose will reduce the level of myo-inositol and 
decrease 4 Na+ /K+ ATPase activity, with secondary 
impairement of axonal transport and peripheral nerve 
structure 10-12.

Thus, the delay  of  P100  latencies  in IDDM 
patients in the current study could be a manifestation 
of structural  damage  at  the  level  of  the  myelinated  
optic nerve  fibers  or  retinal  ganglion  cell  damage  
before  the development   of   diabetic   retinopathy.

CONCLUSION

We therefore conclude that VEP is a useful tool 
in detecting early dysfunction due to retinal ganglion 
cell damage in IDDM patients before signs of diabetic 
retinopathy are actually detected in the patients. 
The present study has shown that P100 latency was 
significantly prolonged in IDDM patients. So VEP as a 
non-invasive, reliable and highly sensitive test to detect 
early neuronal changes in the pre-retinopathy stage 
in IDDM patients. Thus, VEP can be recommended 
as an early investigation in IDDM patients before the 
occurrence of retinopathy to monitor the early effects of 
diabetes on visual function.
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ABSTRACT

Introduction: Diabetes is a life-long illness with no proven cures and demands only management. Apart from 
conventional treatment, life style modification including diet and exercise has been accepted as cornerstone 
of treatment as it helps to maintain euglycemic levels and hence reduce the associated complications. This 
study has been designed to assess BMI, dietary status and physical activity in diabetic patients.

Materials & method: 300 patients with diagnosed type 2 diabetes mellitus (T2DM) without any 
complications were selected. BMI (kg/m2) was calculated. Dietary intake was determined by dietary recall. 
Physical Activity profile was studied using standardized questionnaire.

Results: 65% of the subjects had high BMI. 68% had sedentary lifestyle. 35% of the subjects were consuming 
excess caloriesExcess calories intake was present in 61% of subjects in high BMI group. Sedentary lifestyle 
was observed in 73.3% of the subjects having high BMI and 89.6% of the subjects taking excess calories.

Conclusion: Sedentary lifestyle and high BMI were more commonly observed in the diabetic patients 
studied. Awareness regarding lifestyle modification with respect to diet, physical activity and weight control 
should be created among diabetic patients.
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INTRODUCTION

Diabetes, a major non-communicable disorder, is 
a life-long illness with no proven cures and demands 
only management. India leads the world in diabetes 
prevalence with 61.3 million diabetics estimated to rise 
to 101.2 million by 2030 1

This increased prevalence of T2DM is attributed to 
increased prevalence of obesity and lifestyle changes. 
High proportion of body fat is associated with insulin 
resistance. People in South Asia tend to develop diabetes 
with a lesser degree of obesity at younger ages and suffer 
longer with complications of diabetes due to ethnic 
susceptibility. Moreover, rapid economic developments 

have improved the availability of nutrients, specifically 
an energy dense diet predisposing people to both obesity 
and T2DM. 2

The increased prevalence of impaired glucose 
tolerance and diabetes in urban India has been 
documented. Rural sector is catching up with the urban 
trends due to rapid industrialization and urbanization. 3,4

In addition to conventional treatment, life style 
modification including diet and physical exercise has 
been accepted as cornerstone of treatment for diabetic 
patients as it helps to maintain euglycemic levels and 
reduce associated complications.

Rural population is generally unaware about the 
importance of diet and physical activity in control of 
DM. There is a need to evaluate the dietary pattern of 
these diabetic patients in order to provide appropriate 
information to plan a proper diet which includes locally 
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available food items in right proportions. This study has 
been designed to assess BMI, dietary status and physical 
activity profile in diabetic patients, so as to implement 
the necessary dietary and exercise interventions to 
control DM.

OBJECTIVES 

1. To calculate BMI to determine obesity in 
patients with T2DM.

2. To assess their dietary status using dietary 
recall.

3. To determine their physical activity profile 
using standard questionnaire. 

MATERIALS AND METHOD

300 subjects with diagnosed T2DM and >30 years 
age of both genders were recruited after taking written 
informed consent. Ethical clearance was obtained 
from the Institutional Ethical Committee. Subjects 
with complications of T2DM or with H/O diagnosed 
tuberculosis, congestive cardiac failure and carcinoma 
were excluded. Systematic random sampling was done 
for collection of samples by recruiting every alternate 
patient attending OPD. 

BMI was calculated by the Quitelet’s formula: 
weight/height2 (kg/m2) and subjects were classified 
under low, normal and high BMI groups according to 
South Asian Standards.5

Dietary intake was determined by dietary recall. 
Total calorie and protein intake were estimated after 
noting the recommended daily allowance for that age.6 
Nutritive Value of different food items were calculated 
using Dietary Guidelines Manual, National Institute of 
Nutrition, Hyderabad.7

Physical Activity profile was studied using 
standardized questionnaire and average duration of the 
activity per day was calculated.8 Physical Activity Level 
is a composite index of physical activity and is given by 
the formula: 24-hour energy expenditure/basal metabolic 
rate. 24-hours’ energy expenditure is calculated as sum of 
energy expenditures of all reported activities for a single 
day. BMR/min was calculated first and MET (Metabolic 
equivalent) of that activity was applied as a multiple 
of BMR. 24 hour Energy expenditure=  MET*Average 
duration of activity per day (min/day)*Basal metabolic 

rate. Residual energy expenditure relates to those 
periods of a day which are unaccountable by recall and 
a uniform MET of 1.4 was employed for all residual 
time.8 BMR was calculated from regression equations 
recommended by WHO.9 Physical activity Level values: 
Sedentary (< 1.4),moderate physical activity (1.4 – 1.75)  
and heavy physical activity (>1.75).

RESULTS 

Mean age of the study group was 57.3 + 10.81 
years. General characteristics of the study population 
are shown in table 1.

Low BMI was reported in 6% of the subjects, 29% 
had normal BMI and 65% high BMI. With regard to the 
dietary status, 35% subjects consumed excess calories 
whereas regarding protein, 83% were deficient in daily 
protein intake.(Table 1). 

Excess calories intake was present in 61% of 
subjects in high BMI group while it was 18.3% in 
normal BMI group and none in low BMI group. 73% 
of the subjects were consuming vegetarian diet.  Food 
items with highest daily consumption were white rice, 
ragi and wheat. Most of the subjects (32%) consume a 
mixture of cereals. While 24% consumed rice and ragi, 
11.3% only ragi, 11% ragi and wheat, 7.6% only white 
rice and none had only wheat. Only 9% were consuming 
pulses. 42.3% were consuming milk products. Egg was 
consumed by 7.6% of subjects. Vegetables, a good 
source of dietary fibers were consumed by 30.6% of the 
subjects. 

Mean BMI of subjects taking excess calories intake 
was significantly higher than calories deficient(Table 2). 
Mean BMI of subjects consuming higher protein intake 
was also higher than protein deficient. (Table 3).

As far as physical activity level was concerned, 68% 
subjects were having sedentary lifestyle, 16.3% were 
moderately active and 15.7% were doing heavy physical 
activity. Sedentary lifestyle was observed in 73.3% of 
the subjects having high BMI. 89.6% of the subjects 
taking excess calories were having sedentary lifestyle.

Mean BMI was significantly more in subjects 
with sedentary lifestyle in contrast to subjects having 
moderate and heavy activity.(Table 4)
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DISCUSSION

This study presented descriptive data from diabetic 
subjects. Obesity was prevalent in 65% of the diabetics. 
These results are comparable to other studies. Higher 
prevalence of obesity in diabetics was observed in 
58.1% of subjects in Chennai, 83% in Gujarat, 78% in 
South Africa and 86% of in UK. 10,11,12,13

The higher prevalence of obesity may be due to 
various factors of which diet and sedentary lifestyle 
being most important. In relation to obesity, 61% 
subjects in high BMI group were having high calorie 
diet making dietary calories an important cause of 
obesity in diabetes. Only 35% of diabetics consumed 
excess calories but 65% had high BMI. This discrepancy 
may be due to under reporting. The problem of under 
reporting in nutritional research has been reported earlier 
and it is said to be particularly common among obese. 14

Regarding diet, it is not only the quantity of 
food intake but also the quality of food item which is 
important. High intake of foods with a high glycemic 
index (GI) and glycemic load (GL) increases risk of 
T2DM.  Foods with higher GI and GL cause rapid 
post-prandial increase in blood glucose resulting in 
hyperglycemic state. 15

South Indian population is rice-eating and eats 
preparations made from rice throughout the day. But in 
Karnataka and in our study, diet does not solely contain 
rice; it also constitutes ragi and wheat. 75% subjects 
had rice in their diet.  Rice has been a staple food in 
Asian populations for many years, the transition to more 
refined white rice has rendered Asian populations more 
susceptible to the adverse effects of high intakes of 
white rice. Higher white rice intake is associated with a 
significantly elevated risk of T2DM, especially among 
Asians due to high GI and low fiber in white rice.15,16 
The deleterious effects of refined grains (predominantly 
white rice) and its strong association with T2DM and 
also with metabolic syndrome were evident from 
CURES Study. 17

As far as Ragi is concerned, 81% of subjects 
consumed ragi daily. Though it has high dietary 
fibre content and dietary fibre is known to exert an 
inhibitory effect on the starch digestibility but  it 
elicits glycaemic response equivalent to glucose 
load.18,19,20 So, the usefulness of ragi as diabetic diet 
is questionable. According to American Journal of 

Clinical Nutrition, ragi has high glycemic index and 
load which is even higher than rice.21 But according to 
Association of Food Scientists & Technologists (India) 
ragi contains phenolics that inhibit Malt amylase, α 
glucosidase, pancreatic amylase reducing postprandial 
hyperglycemia by partially inhibiting the enzymatic 
hydrolysis of complex carbohydrates.22 But to date there  
are no long term intervention trials to bring to light the 
health benefits of ragi consumption.23

Only 57% of subjects consumed wheat in their diet 
and none of them were purely consuming wheat. Wheat 
has a low glycemic index compared to rice and ragi and 
also contains high dietary fiber. In addition to fiber wheat 
also contains resistant starch which has glycemic index 
lowering capacity and hence helps to manage T2DM.24

In NUDS study, prevalence rates of diabetes was 
higher in three southern cities (Hyderabad, Chennai and 
Bengaluru) where rice is staple diet, compared to three 
northern cities (Delhi, Kolkata and Mumbai) where it is 
wheat.25

Regarding protein more than 80% of the subjects 
were protein deficient. Majority i.e. 73% of the subjects 
were vegetarian, among them only 9% were consuming 
pulses. Although around 40% were consuming milk 
products but it was in the form of either butter milk. 
Only 30% of the subjects consumed vegetables which 
are good source of fibres and micronutrients.

An increase in protein content, particularly if 
associated with a decrease in carbohydrate would result 
in a decrease in the integrated glucose concentration. 
Such diet is useful for controlling blood glucose in 
T2DM. 26

Another important factor responsible for obesity 
was sedentary lifestyle in most subjects. Similar 
results were revealed from other studies. Sedentary 
lifestyle was observed in 84% of subjects in Gujarat, 
47.5% in Chandigarh, 17% in Chennai and 33.3% in 
Malaysia.11,14,27,28 

In our study, in high BMI group, sedentary activity 
was observed in around 73% of the subjects making it 
an important contributing factor for obesity. In excess 
calories group, around 90% were sedentary. Overall, 
around 30% of the subjects had high BMI, excess 
calories and sedentary lifestyle. 
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As a consequence of urbanization, there has been an 
increase in the standard of living leading to a nutritional 
transition with consumption of diet which is energy 
dense and high in fat and sugar component. Moreover, 
with changes in occupation from predominantly 
agriculture based manual labour jobs to sedentary office 
type; there is an immense decrease in physical activity. 

This is the basis for the rapid weight gain and obesity 
seen in India.

Type & quantity of diet and exercise form a solid 
foundation for the prevention and treatment of T2DM. 
Regular physical activity increases insulin sensitivity, 
lowers blood sugar, reduces body fat, builds muscle and 
improves cardiovascular fitness.

Table 1: Characteristics of study population

PARAMETERS

Gender Males (68%) Females (32%)

BMI (kg/m2) Low (6%) Normal (29%) High (65%)

Physical activity Sedentary (68%) Moderate (16.3%) Heavy (15.7%)

Diet

Calories Excess (35%) Deficiency (65%)

Protein Excess (17%) Deficiency (83%)

Table 2: Independent t test comparing BMI with calories intake 

Calories N Mean+SD p-value

BMI Excess 135 27.61 +4.17 <0.01

Deficient 165 23.21 +4.24

Table 3: Independent t test comparing BMI with protein intake 

Protein N Mean+SD p value

BMI Excess   51 27.72 + 4.65 <0.01
Deficiency    247 24.58 + 4.34

TABLE 4: ANOVA results comparing BMI with physical activity 

Sedentary activity Moderate 
activity Heavy activity ANOVA (F 

value)

Post Hoc 
(Bonferroni) 
(p value)

BMI (mean 
+SD)

25.81 +4.75 24 +3.47 23.08 +3.9
8.925 
p <0.001

Sed vs mod: p=0.033
Sed vs heavy: p<0.01
Mod vs heavy: p=ns 

CONCLUSION

Obesity was prevalent among diabetics establishing 
it a major risk factor for T2DM. Majority of them had 
sedentary lifestyle. Excess calorie intake was observed 
in those with high BMI and sedentary lifestyle. Most of 
them were consuming a protein deficient diet. 

Majority of the subjects were consuming a mixture 

of cereals, white rice and ragi being most important 
among them. White rice has high glycemic index and 
low fiber whereas ragi’s benefit in diabetes is to be 
proved. Emphasis should be placed on improving intake 
of protein rich foods and whole grain cereals like wheat 
with a low glycemic index rather than refined grains. 
Awareness regarding lifestyle modification with respect 
to diet, physical activity and weight control should be 
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created among diabetic patients. 
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ABSTRACT

The purpose of this study was to find out the relationship of vital capacity between in male & female elderly 
Indian population. “The cardiorespiratory function tests” was conducted on a randomly selected 110 apparently 
healthy subjects of 60 years and above age group belonging to both the sexes at Agra. Out of these 110 subjects, 
84 were male and 26 females. In elderly Male (60+)  the average vital capacity (V.C) was 2334.3 ± 370.3 ml and 
in elderly women (60+) 2206.2 ± 297.5 ml. The vital capacity shows a declining pattern with age in all age groups 
in men as well as in women and the relationship is statistically significant in both the sexes (p < 0.01 in men as 
well as in women).

Keyword: -  Spirometer, Vital Capacity, male and female, elderly Population

INTRODUCTION

We are entering the 21st Century with the W.H.O. 
The concept “Health for All by 2000 A.D”, but the older 
population is still ignored. Ageing is a universal process. 
In the words of SENECA1 old age is an incurable 
disease

Sir James Sterling Ross1commented:”You do not 
heel old age, you protect it, you promote it, you extend 
it”.

In a developing country like ours, older age groups 
are of special interest, particularly from a social and 
economical point of view.  There is no escape from the 
fact that we are becoming a nation of elders.

UNESCO2estimates that the number of the aged 
above 60 is likely to go up from 350 million in 1975 
to 590 million in 2005. About half of them are in the 
developing countries. In India out of the total population 
of 685,184,692 (Census, 1981) the aged i.e., above 60 
yrs from about 6.3%.  In fact,statistics in respect of the 
aged in India have been increasing constantly. In 1901 as 
the Census reveals, there were about 12 million people 
above the age of 60 years. In the  next 50 years, i.e., in 
1951, the population of the aged was 20 million. In the 
next 30 years from 1951 to 1981, the population of the 
aged rose to 43 million. Now the population of the aged 

is about 48 millions. It is expected that their population 
will67 million by the turn of this Century.

The founders of experimental physiology are Eras 
stratus (280 B.C)3and Galen (280 3.C)4 who between 
them demonstrated the role of the diaphragm as a 
muscle of respiration, the origin and function of the 
phrenic nerve and function of the intercostals and 
accessory muscles. The function of the diaphragm 
was further explored by Da Vinci (1452-1519)5 who 
observed that during inspiration the lung expands in all 
directions following the movement of the thoracic cage. 
The collapse which follows puncture of the pleura was 
described by Vesalius (1514 - 1564).6

The need for fresh air was recognized by Galen 
(280 B.C) 4 who believed it reacted with the blood, in 
the left heart and arteries to produce the ‘vital spirit1. 
The absence of a visible communication between the 
pulmonary artery and pulmonary vein led him to suggest 
that blood passed through invisible pores between the 
two sides of the heart. He, therefore, failed to appreciate 
the true functions of the lungs.

Danders (1849)7 demonstrated the role of elastic 
recoil of the lungs causing expiration, was the first to 
measure the retractive force. The work was extended 
by Cloetta (1913)8. Peabody (1915)9 gave an idea of 
the relationship of vital capacity to breathlessness. The 
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term Forced Vital Capacity was used first time by Strohl 
(1919)10. Roher (1915)11 tried to explain the relationship 
between the force exerted by the respiratory muscles 
and the rate of air flow on the basis of Newton’s law. 
This work was further extended by Neergaard and 
Wirz (1927)using the pneumatochrograph of Fleisch. 
Neergaardin the same year (1927) also demonstrated 
the roleof surface forces in the lung by comparing the 
relationship of lung volume to retractive force when the 
air in the lung was replaced by water.

Jansen, Knipping and Stromberger (1932)12

calculated the equivalent minute volume frookyaograph 
records of a forced vital capacity and introduced the 
term maximal breathing capacity as one of the lung 
function test. The measurement of maximal breathing 
capacity was made first time in 1933 by Hermannsen. 
Christie (1934) demonstrated the role of change in lung 
distensibility in causing breathlessness.

Bhargava et al. (1973)13 in their study in Bhopal 
reported the low vital capacity in female subjects as 
compared to male subjects of same age group (56 - 65 
yrs). They reported theV.C. 2260 ± 82 ml in men and 
1875 ±165 ml in women.

Damoder et al. (1983)14 also reported the decreased 
ventilatory function in smokers as compared to non-
smokers and reported that all the indices decreased with 
age

Meenakshi (1984)15  in her study “Spirometric data 
in South Indian subjects 60-80 years” also reported a 
declining trend of vital capacity with age. She reported 
the lower value of vital capacity in female as compared 
to male subjects of the same age group.

J. Pathak and P.P. Mehrotra et al. (1989)16 in their 
study “Pulmonary Functions of Elderly Indian Subjects” 
concluded a decreasing pattern of V.C. with age but the 
decline is not uniform.

Anderson et al. (1978)17 in their WHO publication 
quoted that Framingham longitudinal studies indicated 
that high physical performance capacity i.e., a strong 
hand grip, high vital capacity and a low resting heart 
rate, are associated with a lower than average incidence 
and severity of cardiovascular pathology.

MATERIAL AND METHOD

The present study “The Cardiorespiratory Function 

Tests” was conducted on a randomly selected 110 
apparently healthy subjects of 60 years and above age 
group belonging to both the sexes at Agra. The survey 
v/as conducted under the joint auspices of Department 
of Physiology and Department of Cardiology, S.N. 
Medical College, at Agra.

The following Cardiorespiratory function tests were 
carried out on these subjects

Vital Capacity in ml

Methods for Recording :-

Vital Capacity : It is defined as maximum volume 
of air that a person can forcefully expire with maximum 
expiratory efforts after taking deepest possible 
inspira tion. It is expressed in terms of litres

Procedure :

The instrument used was Spirometer. Before 
starting the test, procedure was well demonstrated to 
the subject. The pointer was adjusted to zero level. The 
subject was asked to take the mouth piece in the grip 
of his mouth. Now the subject was instructed to take a 
deepest possible inspiration in order to fill the lungs with 
air to the maximum extent. The nose was closed with 
nose clip and then exhaled out the air with maximum 
expiratory efforts through mouth piece. Three readings 
were taken at the interval of five minutes. Highest of 
three was taken as final reading for the study.

Precautions:-

The following precautions were taken to obtain the 
best results:-

The subject was explained the detailed procedure. 

The subject was taken in full confidence before 
starting the test,

The Spirometer was thoroughly checked for any 
zero error, 

Measures were taken to avoid any leaks through 
nose or from around the mouth piece.

Resistance and inertia of the instrument should be 
minimum. The air passage should be wide (more than 
3.2 cm).

Before taking reading the subjects were given 
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preliminary training/practice attempts to attain the best 
of their ability.

OBSERVATIONS

In the present study “Assessment of Cardio-
respiratory function tests in Indian Population of 60 
years and above Age Group”, 110 subjects belonging to 
both sexes were studied. Out of these 110 subjects, 84 
were male and 26 females. The details of these findings 
in various age groups and different sexes are shown in 
Tables

Following cardio-respiratory function tests were 
performed on these subjects:-

Vital capacity (V.C) in ml.

For the sake of convenience the subjects were 
grouped in male and female subgroups. Each subgroup 
was further divided in four subgroups as follows:-

Group I :     60 yrs to 64 yrs

Group II :   ↓65 yrs to 69 yrs

Group III :   ↓70 yrs to 74 yrs

Group IV :   ↓75 yrs and above.

For each group the mean age was calculated as 
shown in Table 2.

A predesigned Performa (From WHO Publication 
European Series No.6) appended herewith was filled up 
in order to obtain a detailed personal history, medical 
history and other information regarding each subject.

The mean values and standard deviation of all the 
parameters with respect to age group, comparative 
evaluation of these parameters in corresponding age 
group of male and female subjects were calculated 
and the findings are tabulated, Finally, the statistical 
correlation in form of r, t and p values of each parameter 
was calculated as shown in each table.

DISCUSSION

Ageing is a progressive failure of body’s homeostatic 
adaptive response resulting in increased vulnerability to 

environmental stress and disease. The physiological 
sign of ageing are gradual deterio ration in function and 
capacity to respond to environmental stress. Ageing is 
a general physio logical on-going process and despite 
intensive research the mechanisms of ageing are still to 
be explored. Even though the mechanism of ageing will 
probably be attributed to a number of different regulatory 
mechanisms; such as cellular or molecular function, the 
study of system-integration should remain an important 
topic in the scientific investigation of ageing (Shock, 
1977)18. The performance of most human physiological 
functioning is dependent on the co-ordinated efforts of 
several organ systems.

Shock (1979)18 demonstrated greater ageing 
decrements in the performance of integration system 
than in the separate variables themselves. One of the 
most rapidly declining and perhaps most devastating 
decrement in ageing is the declining functional ability of 
cardiorespiratory system.

The present study of evaluation of cardio-
respiratory functional ability in elderly age group was 
conducted with the objective to determine the effect of 
ageing on these functional abilities and also to compare 
and observed, were carried out and studied in relation to 
various age groups in both the sexes.

Pathak and Mehrotra et al. (1989)16 in their study 
“Pulmonary Functions of Elderly Indian Subjects” 
concluded a declining pattern of vital capacity with age 
but the decline was not uniform.

Table - 1: Comparative evaluation of vital 
capacity of total number of male and female subjects 
studied (n= 110)

Sex No.
Vital Capacity in ml

Mean S.D

Male 84 2334.30 ± 370. 30

Female 26 2206.20 ± 297.50

 t = 7.1103                      P <0.01        
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 Table - 2: Comparative evaluation of vital capacity of different age groups in male and female subjects 
studied (n = 110)

Age Groups 
(Years) No.

Male
No.

Female

Mean S.D. Mean S.D.

60 – 64 26 2559.0 ± 368.5 11 2339.0 ± 293.3

↓65-69 20 2396.5 ± 321.9 8 2150.0 ± 222.40

↓70-74 17 2340.0 ± 254.1 4 2045.0 ± 235.5

↓75+ 21 1990.4 ± 210.2 3 1843.3 ± 175.9

RESULT

In elderly (60+) men the average vital capacity 
(V.C) was 2334.3 ± 370.3 ml and in elderly women 
(60+) 2206.2 ± 297.5 ml. The vital capacity shows a 
declining pattern with age in all age groups in men as 
well as in women and the relationship is statistically 
significant in both the sexes (p < 0.01 in men as well as 
in women) showing table no.1.
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ABSTRACT

Orthostatic stress is commonly utilized to evaluate the cardiovascular autonomic function. This is done mainly by 
Head Up Tilt (HUT) testing. The parameters which represent the cardiovascular autonomic function involved the 
Heart Rate (HR), Systolic Blood Pressure (SBP), Diastolic Blood Pressure (DBP), Mean Arterial Pressure (MAP) 
and Pulse Pressure (PP). 

Method: Hundred apparently healthy females in the age group of 18-45 years were selected to evaluate the effect 
of HUT on cardiovascular autonomic responses. Parameters like HR and BP were recorded at supine, 300, 600 and 
800HUT.In each position the HR was determined by recording the ECG for 5 min in lead II.Niviquire software 
was used.BP was measured within 20 seconds of the change in tilt position.

Results: HR, DBP, MAP increased on HUT in females. SBP and PP decreased on HUT.

Interpretation and conclusion: During HUT there is increase in sympathetic activity (increase in HR, DBP) 
Postural stress test is useful for medical students, physiologists and clinicians to understand cardiovascular reflex 
response in healthy or diseased individuals. 

Keywords:  Autonomic nervous system; Posture.

INTRODUCTION

Baroreflexes are an important mechanism by which 
the central nervous system controls blood pressure in 
response to acute challenges imposed by change in 
posture. There is debate as to whether or not gender 
differences exist in sympathetic reflex responses. 1

Most reports indicate that susceptibility for orthostatic 
intolerance is more common in women than in men.2

Imbalance between sympathetic activation of 
heart and the vasculature has been described in heart 
failure patients and postural tachycardia patients. There 
are many factors which will influence the baroreflex 
function. Variation in blood pressure with age and gender 
has also been reported. The postural hypotension is the 
most disabling feature of autonomic dysfunction. The 
autonomic function tests are helpful when the history 
and physical examination findings are inconclusive.3Tilt 
table test is a standardized, physiological, clinically 
relevant stimulus that challenges the cardiovascular 
regulation. By the performance of head up tilt, it is 

possible to assess the dynamic capacity of regulatory 
system. Human responses to upright tilt is a window on 
central autonomic integration.4

Light was thrown over the gender related 
differences in the baroreceptor reflex control of HR in 
normotensive humans. Average age and BP were similar 
in both sexes, but females had a significantly higher 
HR. A major difference existed between the two sexes 
when the BP was elevated by intravenous administration 
of phenylephrine. Females had a significantly smaller 
baroreflex sensitivity, which inferred a gender-related 
difference in baroreceptor reflex control of HR. 
However, a positive correlation existed between basal 
HR and baroreflexsensitivity. It was important to 
investigate whether this difference was related to the 
significantly lower basal HR in females.5

The effects of various degrees of tilt in normal 
control subjects was taken into consideration. This 
study suggested that a protocol of 600 or 700 tilt testing 
for not more than 10 min would provide a reasonable 
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specificity for assessing syncope. Even with 600 or 700

HUT for less than 10 min, 30% to 40% of patients with 
otherwise unexplained syncope had a negative HUT test 
response6.

Six healthy subjects aged 30-58 years and 6 patients 
with orthostatic hypotension were chosen. Arterial 
pressure and HR were recorded. In healthy subjects HUT 
induced gradual circulatory adjustments. After 2 min 
upright, stroke volume and cardiac output had decreased 
by 39 % and 26 % respectively. Little change in mean BP 
at heart level indicated that systemic vascular resistance 
had increased by 39% and 24%. The gradual responses 
upon HUT contrasted with the pronounced and rapid 
circulatory responses upon tilt back. In the patients a 
progressive fall in BP on HUT was observed.7

Dynamics of circulatory adjustment to HUT and 
tilt back were explained in healthy and sympathetically 
denervated subjects. It was observed that in healthy 
humans upon HUT neural compensatory mechanisms 
became very effective in maintaining arterial pressure at 
heart level. The gradual circulatory adjustments to HUT 
in healthy subjects contrasted with the pronounced and 
abrupt circulatory changes on tilt-back. In patients with 
a lack of neural circulatory reflex adjustments, graded 
BP decreased on HUT and gradually increased to tilt 
back position.8

METHODOLOGY

 100 female subjects between the age group of 15-
45 years are selected from general population randomly. 
The subjects were informed about the procedure which 
had to be followed by them. Consent was taken. The 
study was conducted before lunch between 12 noon to 
2 pm. After the completion of procedure fruit juice was 
offered to all subjects. 

Inclusion Criteria: 

• Normal healthy females aged 15-45 years

Exclusion Criteria:

• Obese

• Alcoholics 

• Smokers

• Hypertensives

• Age below 15 and above 45 yrs

• Subjects taking any medication

• Subjects suffering from any medical illness.

• Women taking oral pills

• Menstruating women

• Diabetic individuals 

Method of Collection of Data:

100 female subjects between the age group of 15 
to 45 were selected randomly from general population. 
A pretested structured proforma was used to collect the 
relevant information. Subjects were familiarized with 
HUT procedure. 

Preparation for Tilt Table Test (TTT)  :

Generally, there was no eating or drinking 4-6 hours 
prior to the test to limit symptoms of nausea / vomiting. 
Manually operated tilt table with foot plate support is 
used. Additional straps are applied at the level of knee, 
waist and shoulders. The metal arc is attached to the 
table where holes are made at various angles. The table 
is locked at particular angles by the iron rod.  The angles 
used were 300, 600, 800 for HUT.

ECG leads were fixed at right arm, left arm, left foot 
and right foot. ECG recordings were observed over the 
monitor. When normal lead II ECG was obtained, these 
recordings were saved for a duration of 5 minutes.  

In supine position BP was recorded by using 
Sphygmomanometer. BP was recorded within 20 sec 
after the change in posture. Pulse rate is recorded by 5 
min ECG.  Respiratory rate was recorded for 1 minute. 
The table is tilted to 30degree, 60degree and 80degree 
HUT position. Before the change in the tilt angle the 
subject was brought to the supine position for 5 mins 
rest.  The subject was asked for any symptoms such as 
nausea, sweatiness, pallor, light headedness, palpitation 
and fainting. Frequency domain analysis was done by 
using Niviqure software. 

Repeated measures ANOVA will be used for 
analysis at different tilts. Followed by Tukeys post hoc 
test and paired ‘t’ test. Inter group comparisons will be 
done by unpaired ‘t’ test.
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DISCUSSION

Orthostatic stress is commonly utilized to evaluate 
cardiovascular autonomic function. This typically 
involves the passive movement from a supine to  head up 
tilt ,while cardiovascular parameters are measured. One 
of the most commonly used techniques for assumption 
of orthostatic stress is head up tilt. The most common tilt 
table testing protocol is one that incorporates an angle of 
300, 600 and 800 head up tilting.4

In our study, heart rate increased linearly with 
increasing angle of head up tilt in females. The increase 
in heart rate was statistically significant (p <0.001). The 
head up tilt reduces the intra-thoracic blood volume and 
shifts it in to the legs where it forms a pool, thereby 
producing a fall in blood pressure and a reduction 
in the circulating blood volume. Compensation to 
this is brought about by a reflex blood pressure and, 
venoconstriction which helps to limit the maintenance 
of the arterial pool in the legs, keeps up the pre-load, 
and is helped by the increased activity of the abdomino-
thoracic respiratory pump, the pumping action of the 
leg muscles and the venous valves.During upright 
posture there is pooling of the blood in the lower parts 
of the body and low pressure in the carotid sinus. This 
removes stretch from baroreceptors leading to increase 
in heart rate through withdrawal of vagal tone initially 
followed by increased sympathetic activity which leads 
to sustained tachycardia. The initial heart rate was under 
vagal control with an immediate vagal withdrawal and 
increase in sympathetic activity. The increase in heart rate 
response to an upright posture was smaller in magnitude 
in women than in men. Similar findings were reported 
by many workers, Shanker Rao9, Johntuckman10, David 
A Lewis 11and M.B. Dikshit12.

Posture and systolic blood pressure :

In the present study the mean systolic blood 
pressure decreased from supine to head up 300,600, and 
800 position. On head up tilt the systolic blood pressure 
decreased on changing from recumbent to upright 
position on the tilt table. There is 20-30% shift of venous 
blood from the central to the peripheral compartment, 
50% of change occurs within seconds and results in 
decreased cardiac filling pressure. The stroke volume is 
also decreased by 40%. This decreased afferent activity 
from the sensory baroreceptor and the heart rate rises are 
due to increasing sympathetic activity. The sympathetic 
vascular resistance and overall cardiac output drops by 

20% only. The decrease in systolic blood pressure on 
head up tilt had a greater decrease in females than males. 
Similar findings were reported by Robert S13, Maxime 
Lamarre7, M.B. Dikshit12, John Tuckman10.

In our study there was increase in the diastolic blood 
pressure with increasing angle of head up tilt. The mean 
value showed a statistical significance (p < 0.001) On 
head up tilt there is increase in the sympathetic activity, 
increase in vascular tone and increase in peripheral 
resistance which leads to an increased diastolic blood 
pressure. Similar findings were reported by U.K. 
Mishra8, Sabita Yograj15, Tomi Lai Tinin16, John 
Tuckman10 and Zaidi17, M.B. Dikshit12, Mukai18.

In our study the pulse pressure decreased on 300, 
600 and 80 0 head up tilting in  females. There was a 
significant decrease in the value (p < 0.001).

Pulse pressure is the difference between the systolic 
and the diastolic blood pressure. This is the pressure 
that maintains the normal pulsatile nature of the flow 
of blood in the vascular compartment. The pulsatile 
nature of the flow is required for the perfusion of the 
tissue.19,20,21.

This decrease can be explained by the fact that, 
increase in diastolic blood pressure and decrease in 
systolic blood pressure, decreases the pulse pressure. 
Similar findings were reported by Jane Youde22 and J. 
Kevin Shoemaker5.

Mean arterial pressure and posture :

In the present study the mean arterial pressure 
increased on the upright posture in females. On head 
up tilt increase in the diastolic blood pressure and 
decrease in systolic pressure resulted an increase in the 
mean arterial pressure. The hydrostatic gradients with 
head up tilt reduce the distending pressure in carotid 
sinus resulting in a sympathoexcitatory stimulus. This 
reduction in carotid sinus distending pressure would 
partially be corrected by the increase in mean arterial 
pressure. Similar findings were also observed by Frey 
MA3 .The mean arterial pressure increased more in 
males than in females at 600 head up tilt. Similar findings 
were also observed by J. Kevin Shoemaker5.

This study concluded that with head up tilt there are 
changes in the cardiovascular parameters in females. 

In conclusion, cardiovascular reflex effects can be 
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assessed using various postural stress tests effectively 
for physiological and clinical investigations in the 
field, by the patients bed side, or in the laboratory using 
more elaborate equipment. Physiologists, clinicians and 
medical students can make use of these tests to assess 
or understand cardiovascular reflex response in man in 
health or disease. 
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ABSTRACT

Background: Human reaction time denotes time taken by an individual to react to an external stimulus. The 
response obtained while measuring human reaction time is voluntary response obtained after training and  is 
specific in nature. The purpose of this study was to find out whether the reaction time was faster for green light 
stimuli or red light stimuli. And to compare the visual human reaction times in males and females.

Material & method: In this study we had studied the time taken between applications of visual stimulus and 
response obtained and comparison of the response in male and female volunteer. In this study visual reaction 
time (VRT) was studied in 125 male & 125 female Medical students in the age group of 17-20 years. Subjects 
were presented with two visual stimuli i.e. green light & red light stimuli. Paired and unpaired‘t’ test was used at 
appropriate places as a statistical test. The p value <0.05 was considered significant.

Result: Human reaction times to green light stimuli were lesser than human reaction times to red light stimuli in 
males as well as in females.

Conclusion: Green color evoked a faster response due to its stronger stimulation on the visual receptor than for 
red color in both male and female subjects.

Keywords: visual reaction time,green light,red light,male,female.
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INTRODUCTION

Reaction time is crucial for our everyday lives and 
requires intact sensory skills, cognitive processing and 
motor performance. Reaction time measurement is an 
indirect index of processing capability of central nervous 
system and simple means of determining sensory motor 
association and performance of an individual (1). Reaction 
time has physiological significance and is a simple and 
non - invasive test for peripheral as well as central neural 
structures (2). It determines the alertness of a person 

because how quickly a person responds to a stimulus 
depends on his reaction time and therefore it must be 
lesser in certain occupation e.g. Drivers, sportsmen, 
pilots, military people, doctors, nursing staff, security 
guards. Various factors influencing human reaction 
time are age, left or right-hand, direct (central) versus 
peripheral vision, practice, fatigue, fasting, breathing 
cycle, personality types, exercise, and intelligence of the 
subject. Out of these various factors, in this study we 
had studied the time taken between application of visual 
stimulus and response obtained and comparison of the 
response in male and female volunteer. The human 
reaction time measurement had been made from the 
volunteers subjected to visual stimulus.

MATERIALS AND METHOD

Proper consent of volunteer students was taken 
(a) Inclusion Criteria: Students between 17-20 
yrswere included in this study on the basis of physical 
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examination-normal sensory and motorexamination, 
students having no muscle diseases (i.e. Myasthenia 
gravis, periodic paralysis,polymyositis) and students 
having no neural diseases (i.e. poliomyelitis, 
polyneuropathy) were included in the test and Students 
having normal acuity of vision as tested by Snellen’s 
test type and Jaeger’s test type. Students having normal 
color perception as tested by Ischihara’s chart. 

(b) Exclusion Criteria: Students below 17 yrs and 
above 20 yrs age group, Students not having normal 
acuity of vision as tested by Snellen’s test type and 
Jaeger’s test type. Students not having normal color 
perception as tested by Ischihara’s chart. 

Students not having and students not having normal 
sensory and motor examination, and having muscular 
diseases and students having neural diseases were 
excluded from the test.

Study procedure

Study was carried out on the Medical students  of 
Index Medical College Hospital & Research centre, 
Indore. 125 Male and 125 Female Medical students 
fulfilling inclusion criteria were included. The apparatus 
used in this study was Audio-Visual reaction timer. 
Proper consent of volunteer students was obtained 
before the procedure. Each individual wasexplained 
about the test & sufficient trials were givenfor proper 
understanding. All the subjects weresubjected to the 
tests in the dark  room. The visual reaction time was 
noted during morning hours (10 am-12 pm).

i. The apparatus is designed to measure R. T. for 4 
stimuli: Two sound stimuli and two light stimuli.

Two response alternatives are provided by two 
response keys. The chronoscope is built in to count the 
reaction time.

ii. Subjects were instructed to press the response 
button by the Rt. Index finger already on it to stop the 
clock as soon as he/she will see the green light/red light 
visual stimuli from digital display, reaction time was 
noted.

iii. Three readings of each stimulus taken & their 
respective average calculated.

A comparison were made between –

1. Visual reaction time to green light & red Light 
visual stimulus in males and females

Separate.

2. Visual reaction time to green light & red light 
Visual stimulus between males and females.

Statistical analysis:

To test whether there was any significant difference 
in between males and females with reference to the study 
variables between the study groups, paired and unpaired 
‘t’ test was used at appropriate places as a statistical test. 
The p- value <0.05 was considered significant.

RESULTS

Visual human reaction time was studied in 250 
medical students of Index Medical College Hospital & 
Research Centre, Indor who formed the study group and 
out of which 125 were male students, and 125 were

Female students. The range of age was from 17-
20 years. The results were tabulated and statistically 
analyzed. To test whether there was any significant 
difference in between males and females with reference 
to the study variables between the study groups, paired 
‘t’and unpaired’ test was used at appropriate places as a 
statistical test.

From Table No. I

i. T he VRT to green light stimuli male was 
192.77±9.92 and the VRT to Red light stimuli in male 
was 203.79±9.54. TheVRT to red  light stimuli in male 
was more than the VRT to green light stimuli in male 
and the difference between two were found statistically 
significant in case of males (P = 0.000).

ii. The VRT to green light stimuli in female was 
202.00±10.18 and the VRT to red light stimuli in female 
was 211.71±8.82. The VRT to red light stimuli in female 
was more than the VRT to green light stimuli in female 
and the difference between two were found statistically 
significant in case of female (P = 0.000).

iii. The VRT to green light stimuli in males 
was192.77±9.92 and the VRT to green light stimuli 
in females was 202.00±10.18. TheVRT to green  light 
stimuli in female was more than the VRT to green light 
stimuli in male and the difference between two were 
found statistically significant in case of (P = 0.000).

iv. The VRT to red light stimuli in males was 
203.79±9.54and the VRT to red light stimuli in females 
was 211.71±8.82. The VRT to red light stimuli in females 
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was more than the VRT to red light stimuli in males and the difference between two were found to be statistically 
significant (P = 0.000).

Table No. 1: Measurement of VRT to green light & red light in males & females.

Sex N VRT (in milliseconds) P value

Green Light
Male 125 192.77±9.92 0.00*

Female 125 202.00±10.18 0.00*

Red Light Male 125 203.79±9.54 0.00*

Female 125 211.71±8.82 0.00*

(Data presented are mean ±SD,*p<0.05=significant, VRT=Visual reaction time)

DISCUSSION

In the present study, it has been observed that females 
had a longer reaction time when compared to males. 
Retention of water and sodium due to variation in sex 
steroid levels during menstrual cycles might influence 
the process of axonal conduction time and availability 
of neurotransmitter at the synaptic level; changes in 
either of these two processes might cause conduction 
time to vary during menstrual cycle (3, 4).  The literature 
is replete with reports of patients suffering from severe 
premenstrual fluid accumulation sometimes even up to 
10pounds in weight gain. The degree of premenstrual 
weight gain is reported to correlate with degree of 
various premenstrual neurological symptomatologies in 
many cases. This may be the cause of prolongation of 
visual reaction time in the present study, since reaction 
time indicates the minimum time taken by an individual 
to react to an external stimulus and is an indirect index 
of processing capability of central nervous system and 
sensory motor association. Green color evoked a faster 
response due to its stronger stimulation on the visual 
receptor than for red color in both male and female 
subjects (5). The corpuscular theory of light, proposed 
by Max Plank explains the relationship between the 
wavelength and the energy carried by different colored 
lights. It indicates that one quantum of red light has 
the maximum wavelength and hence carries the least 
energy. The green light of same quantum has shorter 
wavelength and carries greater energy than red light. 
The greater energy carried by green light could be an 
important factor in stimulating the visual receptors 
faster, when compared to red light, producing a shorter 
response time (5). The maximum sensitivity of scoptopic 
vision is approximately 500 nm i.e. for bluish – green 
light. This shows that red color (650-750 nm) is not at 
all sensitive to dim light. Thus in dim light, if blue and 
red colors need to be compared, blue can be made out 

easily. Likewise maximum sensitivity of photopic vision 
is about 560 nm i.e., for greenish –yellow light. Thus, 
in conclusion, human reaction time in females is more 
as compared to males and reaction time to red light 
stimuli is more as compared to green light stimuli in 
both sexes.

Ethical Clearance: as this is non invasive method 
no ethical aspects involved, still permission taken from 
ethical committe of index medical college.
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ABSTRACT

Background  &  Aim: Prehypertension is a  complex, multifaceted disease which  is  a   risk factor for overt 
hypertension and increases the risk for coronary heart disease , stroke and other vascular complications. Lifestyle 
changes  taking place with a stunning speed are favourable to the onset of prehypertension in young  individuals  
itself.  We  aimed  to   assess   the   prevalence  of  prehypertension   in  young   individuals and   analyse  the  gender  
differences  in    the   prevalence   of   prehypertension . The  association   of   prehypertension   with   anthropometric  
parameters  was  also  assessed. Method:  In  this  cross-sectional  study  250  males  and  250  females were  
recruited  from  the  College  students  of  Coimbatore  city. A  detailed  history  was  collected. Weight, height, 
waist  circumference , hip circumference  were  recorded. From  these  parameters  Body  mass  index  and  Waist 
Hip  ratio  were  calculated. Blood  pressure  was  recorded  using  a  standardised  mercury  sphygmomanometer. 
Results: 15.6% of  the study group  were Prehypertensives. The  prevalence  of  Prehypertension  was  more    
among  males  than  females. Individuals  with  higher  body  mass  index, waist  circumference  and  waist  hip  
ratio  were  at  a  greater  risk  of  developing  prehypertension. Conclusion:  We  conclude  that  by  screening  for  
and  detecting  prehypertension at  an  early  age,  patients  can  be  advised   regarding  control  of  their  blood  
pressure , change  of  lifestyle  and  prevention  of  progression  to  hypertension.

Keywords: Prehypertension , Body  mass  index, Waist  Hip  ratio. 
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INTRODUCTION

Non Communicable  diseases  like Cardiovascular 
diseases, cancers, diabetes, chronic respiratory diseases, 
and mental disorders now impose their greatest burden 
on low- and middle-income countries. Cardiovascular 
disease is one of the leading  causes of death. Elevated 
arterial pressure is the commonest cardiovascular 
disorder  posing  a major  public  challenge to  the  
population1. Patients with blood pressure above optimal 
levels ( systolic BP 120 -139 mmHg and / or diastolic 
BP 80 – 89 mmHg), but not clinical hypertension are 
defined as having prehypertension2. Prevalence of 
prehypertension is showing an upward  trend  in  most  
countries , that  too  in  younger  individuals . About 

7% of those with prehypertension progress to develop 
hypertension per year. It increases the risk for coronary 
heart disease, stroke and other vascular complications. 
Studies targeting younger age group would provide 
an estimate of the future magnitude of the problem 
and assist in developing strategies  for control of 
prehypertension. 

Hence  in  this  study  we  aimed  to     assess   the   
prevalence  of  prehypertension   in  young   individuals, 
to   compare   the   prevalence   of   prehypertension   
in   males  and females and  to  study   the  association    
of   prehypertension   with   body mass index, waist 
circumference  and  waist hip ratio.

MATERIALS AND METHOD

Ethical  clearance  was obtained  from Institutional  
Ethical  Committee. Participation  in the  test  was  
voluntary  and  informed consent  was  obtained  from 
all participants.
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This is a cross sectional comparative study. This 
study was conducted in the  Department of  Physiology, 
Coimbatore Medical College, Coimbatore. A  total  of  
500 subjects  were  included in the study  of  which   
250  were males  and 250 were  females. They were 
of  18 – 23 years  age group. The study subjects were 
randomly selected from the  students of  Coimbatore 
Medical  College. The study subjects of  both  the  sexes  
were  divided   into   two  groups based  on  their  sex. 
Each  group  was  subdivided  into  two  based  on 
their  BP into  two  subgroups  as  follows. Group IA  
–  Prehypertensive males , Group IB  –  Normotensive  
males, Group IIA – Prehypertensive females , Group 
IIB  – Normotensive  females. Known  hypertensives,  
Known cardiac patients, Acutely ill patients  were  
excluded  from the  study.

A  detailed  history  was  recorded  from   the  study  
subjects. Thorough clinical  examination  was  done. The  
participants  were   instructed   to  wear  light  clothing   
during  their study visit. During anthropometric 
measurements the participants were instructed  to  
stand  erect   with   abdomen  relaxed,  arms  at  their  
side  and  feet  together. Weight (in kilograms)  was  
recorded  using  standard  weighing machine. Height 
(in centimeters)  was measured  in  standing  and erect  
posture using  a  stadiometer. Body Mass  Index (in  kg/
m2)  was  calculated  as  the  ratio  of  weight and  square 
of  Height  in  meters,  using  Quetelet  Index. Normal  
cutoff  value  for  BMI  is  23 kg/m2  men  and  women  in  
Asian  adults3. Waist circumference (in centimeters) was  
measured  at  the  narrowest circumference  between  
the  bottom  of   the   rib  cage   and  top  of  the iliac   
crest,  following   normal  expiration. Normal values in  
females < 80 cm, males < 90 cm3 .Hip circumference  
(in centimeters)  was  measured  at   the   largest   point   
between   the   iliac   crest   and   the  symphysis   pubis.  
The  ratio of  measured  waist  and   hip   circumference   
was   taken   as the   Waist   Hip   ratio  of    that   
individual. Normal  values  in  females ≤ 0.81 , males 
≤ 0.884.

A   standardized   mercury   sphygmomanometer , 
stethoscope , BP  cuff   of     appropriate   size   were  
used   to   measure  the   blood   pressure.  BP  was     
recorded   in  the  right  arm   in  sitting   posture  after   5 
minutes  of   rest. The  first  and    fifth  korotkoff   sounds   
were  recorded    as   systolic   BP and   diastolic   BP.  
Three    recordings   of     BP   were   taken    on    three  
consecutive   days. Average of  the  three readings  was  

taken  as  the  blood  pressure of the subject5.

RESULTS

We  compared  the  prevalence  of  prehypertension  
among  Group I  and  Group II.  Prevalence of  
prehypertension  is  15.6%  in  the  study  group . It is  
higher  in  males  compared  to  females. Prehypertensive   
males   and  females  had   significantly  higher   levels  
of    body  mass  index,   waist   hip  ratio    and   waist  
circumference    compared   to  normotensive   males and  
females  respectively.

Figure – 1: Comparison  of  prevalence  of  Prehypertension  
in  males and females

Table 1: Blood  pressure   in  prehypertensive and  
normotensive males

Variable Group IA
(n=49)

Group IB
(n=201) P value

SBP 124.79 ±   6.00 108.72 ±  6.54 <0.0001*

DBP 80.02 ±  4.71 72.69±   4.40 <0.0001*

Table 2: Blood  pressure   in  prehypertensive and  
normotensive  females

Variable Group IA
(n=29)

Group IB
(n=221) P value

SBP 118.63±   6.95 103.5± 7.75 <0.0001*

DBP 80.48±  4.85 68.88± 5.00 <0.0001*

Table 3: Comparison  of  anthropometric  
parameters   in  prehypertensive   and normotensive  
males

Variable
Group IA

(Mean±SD)

Group IB
(Mean±SD) p value

BMI 23.05 ± 2.96 21.38 ± 2.2 0.022*

WHR 0.84± 0.05 0.82 ± 0.04 0.01*

WC 78.39 ± 8.89 74.59 ± 6.90 0.004*
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Table 4: Comparison of anthropometric  
parameters   in  prehypertensive   and normotensive 
females

Variable Group IIA
(Mean±SD)

Group IIB
(Mean±SD) p value

BMI 23.67± 3.10 21.28±2.69 0.0001*

WHR 0.77 ± 0.04 0.76± 0.03 0.001*

WC 75.45± 8.27 69.67±7.96 0.001*

DISCUSSION

Prevalence of prehypertension in the  current study 
was 15.6%. The prevalence  rates  estimated  range  
from 14.5% in Turkish adults6, 32.3% in affluent  
North  Indian  population7, 47 % in  rural  adult  people  
in  China8 and  54.1% in  Omani  adults8. Prevalence  
of  prehypertension  was  higher  in  males (19.6%)  
compared  to  females (11.6%). This  finding  of  higher  
blood  pressure  in  men  compared  to  women  have  
been  reported in  the  other  studies7,8,9 .This  appears  to  
be  due  to  the  protective  effect  of  estrogen. Estrogen 
has a  direct  effect  on  blood  vessel  endothelial   cells    
resulting  in  immediate  vasodilation  mediated  by  
estrogen  receptors. It exerts an   antiarteriosclerotic    
effect  on   blood  vessels10.

Those with prehypertension had increased 
body mass index and waist hip ratio compared to 
normotensives7,11. BMI is the strongest modifiable 
predictor of  prehypertension12. Being overweight was 
associated with a definite higher risk of developing 
prehypertension9,13. Obesity  is characterized by  
increase  in  total blood  volume and cardiac output.   
Elevated  cardiac output appears  to  be  required  to  
support  the  excessive metabolic needs  of   adipose  
tissue . This  leads  to  elevated  arterial  pressure5. The 
long term effect  of  weight  control  has  substantiated  
that weight  reduction  could  lower  the  odds  of  
hypertension  by  77%  , so  losing  weight  is necessary  
for  prehypertension  people14.  

CONCLUSION

The current analysis  suggests  that  15.6% of  the 
group  is  already  at  risk  for  future  cardiovascular   
disease.  As  a  large  proportion  of  people  with  
prehypertension  progress to  clinical  hypertension, 
targeting  these  people  with  effective public health 
education and  early  life – style  modification  

interventions  aimed  at  healthy dietary  habits , 
weight  loss  and  increased  physical  activity  can  
provide  important  long-term benefits . Conscientious 
counselling  and  patient  education  may  forestall  the  
need  for  pharmacologic  measures  intended  to  reduce  
coronary  risk5. 
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ABSTRACT

Aim- Aim of our study is to measure the BP by using all the three devices to find out the standard difference of BP 
between them. Objectives- Comparison of BP recordings, measured using mercury Sphygmomanometer, aneroid 
Sphygmomanometer and automated devices. Material and method- the study was conducted on normal healthy 
subjects between the age group of 18 to 25 years (MBBS and NURSING students) of Amala Medical sciences 
Kerala. We recorded the BP of all the healthy subjects using three different BP measuring devices (mercury, aneroid 
and automated BP apparatus) with gap of 5 minutes between the readings. Statistical analysis- independent “t” 
test was used for the analysis. Results-there was a significant difference (p<0.0001) among the SBPs and DBPs 
recorded by all the three devices except SBP of mercury and automated were the significant difference was less 
(p<0.05). Conclusion- After comparing the SBP and DBP by above three devices, we concluded that mercury 
shows higher reading compared to aneroid and automated devices and aneroid is showing lower values compared 
to mercury and automated.

Keywords: Blood pressure, mercury sphygmomanometer, aneroid sphygmomanometer, automated BP device.
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INTRODUCTION

As we all know that blood pressure (BP) is a lateral 
pressure exerted by the moving column of blood on the 
walls of vessels. There are so many physiological factors 
like age, gender, meals, emotions, diurnal variation, 
climatic temperature, exercise, bladder distension, back 
ground noise, gravity posture etc, will affect BP1. From 
the beginning we know that effect gravity is one of 
the important factor, which affects BP. For every ‘cm’ 
below or above the heart level pressure increases or 
decreases by 0.77mmHg2. We always assume that sitting 
and supine BP readings are almost equivalent, as BP 
measurement is done in sitting positions in some clinics 
and in supine by most of the physicians, since they are 
often regarded as equivalent, but they are not3. Body 
posture is also one important factor, when measured in 
healthy individuals BP, drops on standing compared to 
sitting, supine and supine with crossed legs 4. Another 

factor which will affect the BP measurement is type of 
device which we use to measure for example, manual 
Sphygmomanometer, Aneroid and the automated. From 
the beginning it is said that mercury Sphygmomanometer 
is the gold standard 5,6,7, though there are some limiting 
factors like subject bias, harmful effect of mercury8, 

9 and chances of getting White coat hypertension10

office induced hypertension11, but advantage is more 
accurate recording 6,12.On other hand if we see the 
aneroid Sphygmomanometer, limiting factors are, they 
are less accurate, need more maintenance and validated 
for accuracy against a standard mercury manometer at 6 
months interval13 ,advantage is inexpensive and portable 
and no harmful effect of mercury14. Automated devices 
although there is no subject bias, beat to beat measurement 
of BP, less chance of white coat hypertension, 10,11 still 
they also have limitations to use like they may fail to 
obtain the reading in conditions like in shock, patients 
having muscle tremors and abnormal heart rhythms 
and also the skill of measuring manual BP will be lost 
by the clinical staff 5. Many studies have been done on 
these devices where they compared manual mercury 
Sphygmomanometer with aneroid Sphygmomanometer, 
some studies felt mercury Sphygmomanometer is better 
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12 and some felt aneroid Sphygmomanometer is better 
9,14 other studies compared mercury with Automated, in 
their study automated devices were better 10,11. No study 
has compared automated with aneroid .Aim of our study 
is to measure the BP by using all the three devices to find 
out the standard difference of BP between them.

Objectives 

1. Comparison of BP recordings, measured 
using mercury Sphygmomanometer, aneroid 
Sphygmomanometer and automated devices  

METHOD

It is a descriptive comparative study: 

The study was conducted on normal healthy 
subjects between the age group of 18 to 25 years 
(MBBS and NURSING students) of Amala Institute 
Medical Sciences Kerala. Before the start of study, detail 
explanation of the study protocol was explained to all 
the student volunteers and informed consent was taken. 

Inclusion criteria- both boys and girls between the 
age group of 18 to 25 years 

Exclusion criteria- those who are suffering from 
both acute and chronic diseases, hypertension, diabetes, 
and cardiac diseases. 

Protocol 

Student volunteers were asked to come to 
Physiology lab during the afternoon between 3.30 to 
4pm, their Height (Ht), weight (Wt) was taken, Body 
mass index (BMI) was calculated. Posture and position 
of the arm during BP measurement routinely followed 
as, Subject was in supine position, back was supported, 
legs were uncrossed, subject was completely relaxed, 
measuring of BP was done after 5 to 10 min of rest 15 , 
5 to 7 subjects were asked to come in a day (depending 
on student’s free time, if 7 students come, they were 
numbered from 1 to 7, if 10 come, they were numbered 
from 1 to 10), all had taken rest for 5 min, first on subject 
numbered 1, mercury sphygmomanometer cuff was tied 
on right arm, which is kept at the level of the heart, then 
SBP and DBP by auscultatory method was recorded, 
then same procedure was followed on remaining 
subjects with same instrument by the same person. At 
the end of 7th subject reading, Ist subject would have st subject would have st

rested for more than 5 min, so then we have recorded 

BP using aneroid sphygmomanometer and noted SBP 
and DBP for all subjects one after the other using same 
aneroid instrument by the same person. Then last reading 
is by using automated device. Here again by the time 
we finished aneroid BP measurement for 7th subject, Ist

subject would have rested for more than 5 min, then we 
took both SBP and DBP for all subjects one after the 
other using same automated device. 

As the order of measurement was first mercury, 
second was aneroid, so just to avoid time bias, pilot study 
was done on 72 subjects, half with the reverse order of 
recording (first with aneroid and then with mercury). 
Statistical analysis showed there is no time bias.

Mercury Sphygmomanometer - This includes a 
mercury manometer, an upper arm cuff, a hand inflation 
bulb with a pressure control valve and requires the use 
of a stethoscope to listen to the Korotkoff sounds. Relies 
on the auscultatory technique. Instrument used was from 
Diamond.

Aneroid Sphygmomanometer - As for a mercury 
sphygmomanometer, except an aneroid gauge replaces 
the mercury manometer. The aneroid gauge may be 
desk mounted or attached to the hand bulb. Relies on 
the auscultatory technique. Instrument used was from 
Diamond Dial deluxe blood pressure apparatus.

Automated Device - This includes an electronic 
monitor with a pressure sensor, a digital display and an 
upper arm cuff. An electrically driven pump raises the 
pressure in the cuff. Devices may have a user-adjustable 
set inflation pressure or they will automatically inflate 
to the appropriate level, about 30 mmHg above the 
predicted systolic reading. On operation of the start 
button the device automatically inflates and deflates 
the cuff and displays the systolic and diastolic values. 
Pulse rate may also be displayed. Devices may also have 
a memory facility that stores the last measurement or 
up to 10 or more previous readings. Battery powered. 
Uses the oscillometric technique. Instrument used 
here was OMRON HEM-713 which is passed by 
AAMI=Association for the Advancement of Medical 
Instrumentation and recommended by BHS=British 
Hypertension Society 16.

STATISTICAL ANALYSIS

Sample size was calculated using SD of DBP from 
previous study, SD of DBP one device was 9.7 mmHg 
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and by other device was 9.33 mmHg, mean difference 
was 2.36, alpha - 5 %, power 80%, around 434 sample 
size according to calculation. 

RESULTS

Independent t test

SBP: Table 1

Group N Mean Std. Deviation p value

Mercury 418 104.48 9.313
0.0001

Aneroid 418 99.70 10.810

SBP: Table 2

Group N Mean Std. 
Deviation p value

Mercury 418 104.48 9.313
0.055

Automated 418 103.19 10.180

SBP: Table 3

Group N Mean Std. Deviation p value

Aneroid 418 99.70 10.810
0.0001

Automated 418 103.19 10.180

DBP:Table 4

Group N Mean Std. Deviation p value

Mercury 418 68.34 7.167
0.0001

Aneroid 418 63.57 6.173

DBP:Table 5

Group N Mean Std. Deviation p value

Mercury 418 68.34 7.167
0.0001

Automated 418 64.57 6.603

DBP:Table 6

Group N Mean Std. Deviation p value

Aneroid 418 63.57 6.173
0.024

Automated 418 64.57 6.603

Table:7: Manual HR & Automated HR

Group N Mean Std. Deviation Std. Error Mean p value

Manual HR 418 74.41 8.646 .423
0.847

Automated HR 418 74.28 10.937 .535

Table: 8: Correlation with BMI

Variable Pearson Correlation 
coefficient(r) p value

Mercury SBP 0.246 0.0001

Mercury DBP 0.224 0.0001

Aneroid SBP 0.287 0.0001

Aneroid DBP 0.306 0.0001

Automated SBP 0.303 0.0001

Automated DBP 0.198 0.0001

Manual HR -0.086 0.079

Automated HR -0.078 0.111

DISCUSSION

As per the results done by statistical analysis 
using independent T test, it is clear from the tables 1 to 

6(except table 2) there is significant difference of SBP 
and DBP readings recorded by the all three different 
devices. From the table 1 and table 4 it is clear that 
mercury device is showing significantly higher values 
in both SBP and DBP compared to aneroid which is 
comparable to other studies 14. From the table 2 and 5, 
mercury device showed higher values in both SBP and 
DBP compared to automated which is comparable to 
previous study results 11, but only DBP is significant. 
From the table 3 and 6, automated showed significantly 
higher value compared to aneroid in both SBP and DBP. 
So over all mercury is showing higher values compared 
to aneroid and automated and aneroid is showing lower 
values compared to mercury and automated. These SBP 
and DBP values are statistically significant with the 
mean difference of 2, not clinically. Further studies have 
to be done for clinical significance keeping the mean 
difference of 5.

While taking these reading, with two students who 
found to be having higher readings for both SBP and 
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DBP by mercury (140/90), aneroid (142/84) but didn’t 
show the same range with automated device (124/70), 
so it is not clear weather automated device will be 
helpful to identify the BP of individuals who are likely 
to be hypertensive. Advantage of automated device is 
According to previous studies automated will reduce 
the office induced hypertension 10, 11 and also they have 
memory for at least some 10 previous readings, but for 
consumers, whether medical or lay, accuracy should be 
of prime importance when selecting a device to measure 
blood pressure 16.

As in table 7 we compared manual to automated 
HR, there is no significant difference between them.

Pearson correlation was done with BMI as we can 
see in table 8, there is a significant correlation showing 
as the BMI increases there is increase in both SBP and 
DBP by all the three different devices.

In this study we tried to avoid biases like investigator 
bias as same person has taken all the readings, time bias, 
posture was also in supine for all subjects.

CONCLUSION

After comparing the SBP and DBP by above three 
devices, we concluded that mercury shows higher 
reading compared to aneroid and automated devices and 
aneroid is showing lower values compared to mercury 
and automated.
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ABSTRACT

Background and objective: Knowledge of distribution of ABO and Rh blood groups is useful in health care 
planning, appropriate allocation of resources and also certain diseases or malignancies have predilection for 
certain blood groups. This study is aimed to determine frequency distribution of ABO and Rh blood groups as 
well as to determine the trend of prevalence of blood groups among medical students of KIMS, Hubli. Materials 
and method- This observational cross sectional study was done at department of physiology (haematology Lab) 
KIMS, Hubli, Karnataka, South India.  A total 524 medical students, out of which 359 males and 165 females  in 
the age group of 18-21 years were randomly selected for the study. Results- Statistical analysis was done using 
Chi-square test to determine statistical significance at “p” value of < 0.05. The distribution of ABO blood groups 
follow following pattern: O=34.92%,   B=27.86%    A =25.19%, AB=12.02% .There is no statistical significant 
relationship between male and female students in their blood groups. 

Conclusion- Among our medical students O +ve and O-ve are most common and AB+ve and AB -ve are least 
common. Rh positive blood group seen in 94.9% of the students. Only 5.1 % of the students in our study group 
were Rh negative. Among Males 95.26% are Rh positive and 4.73% are negative. Among females 93.93% are Rh 
positive and 6.06% are negative.

Keywords: ABO and Rhesus blood group, medical students, 

INTRODUCTION

Clinically the most important blood groups to 
be considered are ABO and Rhesus blood groups1 
.Knowledge of distribution of ABO and Rh groups is 
useful in health care planning, appropriate allocation of 
resources and also certain diseases or malignancies have 
predilection for certain blood groups2. The discovery of 
ABO blood groups by Karl Landsteiner was done in 
19013. Forty years later both Landsteiner and weiner 
discovered Rh D antigen4.  Rhesus blood group system is 
the second most important blood group system due to its 
immunogenicty in Rhesus negative individuals in blood 
transfusion or pregnancy5.  In order to avoid transfusion 
reaction and death related to it the single most important 
test performed in blood bank is to determine ABO blood 
groups6. These days, to eliminate the risk of transfusion 
reactions, the practice of autologous transfusion is 
followed by most of the physicians7.

Based on the presence or absence of these inherited 
antigenic substances on the surface of RBCs   individuals 
are divided into 4 major blood groups. A, B, AB and O   
in ABO system and Rh positive and Rh negative in 
Rh system (world edge), these antigens are complex 
oligosaccharides that differ in their terminal sugar8. On 
red cells these are mainly glycosphingolipids whereas in 
other tissues these are glycoproteins9

In addition to blood these antigens are found in many 
tissues that include salivary glands, saliva, pancreas, 
kidney, liver, lungs, testes and amniotic fluid 10.

The distribution of ABO and Rh blood groups varies 
in populations throughout the world. Previous literatures 
have found that the distribution of ABO and Rh blood 
groups varies from race to race. Studies conducted 
on western Europeans have shown the following 
observations-42%-group A , 9% group B,3% group 
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AB, and remaining 46% group O majority of eastern 
Europeans  have a higher proportion of group B of up 
to 40% americans generally have frequencies of  A ,B, 
AB and O blood groups of 41%, 10%, 4% and 45% 
respectively reports also indicate that although 85% of 
the Caucasians are Rh positive and 15% Rh negative  
over 99% of Asians are Rh positive11 

By observing the above mentioned facts we were 
interested in finding the distribution of ABO and 
Rh blood groups among the students at our medical 
college KIMS, Hubli as the distribution pattern has 
not been studied extensively in this part of Karnataka 
(north Karnataka), and further to prepare a database 
for the blood bank of this institution and also to create 
awareness as who is exposed to which of the disease.

MATERIALS AND METHOD

This observational cross sectional study was 
conducted at department of physiology (haematology 
Lab) KIMS, Hubli, Karnataka, South India from july 
2012 to sep 2012.  A total 524 medical students from 
first to fourth year, out of which 359 were males and 165 
were females were included in the study. Both males and 
females   in the age group of 18-21 years were selected 
randomly for the study. An informed written consent 
was taken from all the students prior to the test. The 
sample blood was collected by finger prick method. The 
ABO and rhesus grouping was done by the tile method. 
A drop of blood from each student was diluted with 
0.9% normal saline. This blood diluted with normal 
saline was transferred to three clean glass slides. These 
slides were labeled as A slide, B slide, D slide. A drop 
of monoclonal reagent anti A, anti B, and anti D were 

added to the drop of blood on these slides respectively 
with the help of separate droppers. Both blood and 
antisera were mixed well with the help of separate 
smooth glass rods. Results of agglutination were 
recorded immediately. Blood groups were determined 
on the basis of haemagglutination. Micro-agglutination 
was confirmed under the microscope.

STATISTICAL ANALYSIS

Statistical analysis was done using Chi-square test 
to determine statistical significance at p value of < 0.05. 

RESULTS

Among 524, 359 were males and 165 were female 
medical students. The distribution of ABO blood group 
follows following pattern: O=34.92%,   B=27.86%    A 
=25.19%, AB=12.02%.

There is no statistical relationship between male and 
female students in their blood groups. 

Table No: 01 Distribution of ABO associated with 
Rh positivity or negativity is as follows:

Blood group No of students % of students

O+ve  172 32.82

O-ve 11 2.09

B+ve 136 25.95

B-ve 10 1.9

A+ve 128 24.42

A-ve 4 0.76

AB+ve 61 11.64

AB-ve 2 0.38

524 100

Table No: 02 ABO Blood Group Distribution among the Students (n = 524).

   Sex    Blood group 
           A

Blood group 
           B

Blood group 
       AB

Blood group 
          0 TOTAL

  Male    94 (17.93%)    99(18.89%)   42 (8.01%)  124 (23.66%)   359

 Female     38 (7.25%)    47 (8.96%)   21(4%)   59(11.25%)   165

  Total    132(25.19%)   146 (27.85%)  63 (12.01%)     183(34.91%)    524

There is no significant relationship between male and female students in their blood group. Chi-square value = 
0.415 and P-value = 0.9372 which is greater than 0.05.
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Table No: 03 Rh blood group distribution among 
the Students (n = 524).

ABO Blood 
Group

  *Rh Positive  * Rh Negative

           A   128 (24.42%)   4 (0.76%)

         B   136 (25.95%)  10(1.90%)

       AB   61 (11.64%)    2(0.38%)

        O   172 (32.82%)   11 (2.09%)

      Total   497 (94.83%)   27 (5.13%)

* There is no significant difference between Rhesus 
positive and Rhesus negative students.

     At p value >0.05    chi square value 2.849

Graph No: 01 Distribution of ABO blood groups     

Graph No: 02 Distribution of ABO blood groups  among 
medical students associated with Rh positive and Rh negative       

DISCUSSION

The need for blood group prevalence study is 
not only important for transfusion medicine but also 
for organ transplantation. Results of a study done by 
Ahmed khurshid pasha et all at Nishtar medical college 
(NMC) Multan showed that the distribution of ABO 
blood groups in students revealed that blood group 
B was predominant among the students in order of 
B>O>A>AB7. Blood group B was also most common 
blood group in both the genders. However blood group 
A, AB and O were more common in male students.

Results of Shaik ya et all showed the predominance 
of blood group O similar to our study. 12A prevalence 
study done by Nwache C A et all, from Nigerian 
population showed that blood group O>A>B>AB which 
is in contrast to our results which show B>A. However 
blood group O is most common AB is least common 
blood group in both the studies. 13In Ravalpindi ,  a study 
done by Muhammad Iqbal, Alauddin Niazi  showed that  
Blood group B+ve was the most frequent (31.2%). AB 
-ve was the least frequent (0.6%) which was similar to 
our study. The percentage of Rh+ve and Rh-ve blood 
groups was 92.2% and 7.8% respectively. 14

The trends of prevalence of blood groups are same 
among total students, as well as among male and female 
medical students.  There is no significant difference 
between Rh positive and Rh-negative students at p=o.o5, 
chi square value 2.849.Similar pattern of distribution is 
also observed in other studies.  Rh negative blood group 
is documented as 5.5% in south India, 5% in Nairobi 
Kenya, 4.5% in Nigeria, 7.5% in Lahore, 7.7% in 
Ralwalpindi studies (Das et al, 2001; Mawuagi, 1999; 
Omatade et al, 1999; Majeed and Hayee, 2002; Bhatti 
and Amin, 1996). 15 16

Like in many other studies blood group O has 
been found to be the most common blood group in our 
study. Here also blood group O +ve and O-ve have been 
found to be the most common among KIMS Medical 
students. The trend of prevalence of ABO and Rh groups 
among all medical students is: O>B>A>AB. Among 
Male students- O>B>A>AB. Among Female students 
- O>B>A>AB. Among our medical students O +ve and 
O-ve are most common and AB+ve and AB -ve are least 
common.
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CONCLUSION

Among our medical students O +ve and O-ve are 
most common and AB +ve and AB -ve are least common. 
The same observation has been found separately among 
male and female medical students.

The trends of prevalence of blood groups are same 
among total students, as well as among male and female 
medical students.  

Knowledge of blood groups is very important as 
this not only saves lives of patients when a transfusion is 
required but also predicts who is prone to which of the 
diseases as many diseases have association with certain 
blood group such as blood group o is  a risk factor for 
duodenal ulcer.

Study conducted by maliyanna itgappa among 
medical students of SSIMS Davangeri and show that 
commonest ABO blood group in males was B group 
followed by O, A and AB groups. The frequency of Rh 
positive was 95% while Rh –ve 5% and group O was 
predominant in females and B group predominant in 
males.

Present study could have several significant 
implications .It provides information to various blood 
banks for transfusion purposes and to prepare a data 
base for blood bank of this institution. To link ABO 
blood groups to certain diseases and to create awareness 
as who is exposed to which of the diseases. 
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ABSTRACT

Driving is a hazardous occupation and the drivers exposed to this profession undergo autonomic changes.  HRV, 
the non-invasive technique is used to assess the autonomic adjustment in the cardio vascular system is used 
to assess the stress induced autonomic modulation in drivers. The time and frequency domain of HRV were 
recorded in 61 truck drivers in normal and deep breathing condition. The result of time domain of HRV showed 
that HRV decreased with experience. Also while the LF component increases with experience, the HF component 
decreases. Thus the results indicate that as the duration of driving increased the sympathetic activity increased 
and parasympathetic activity decreased.

Keywords:- HRV, LF,HF, stress, occupational hazards. 
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INTRODUCTION

In the present day world every occupation induces 
various degrees of stress on individual although the 
perception may vary in individual to individual and in 
certain occupation it is greatest and such occupations 
are called hazardous occupation. Stress induces a wide 
range of physiological and or behavioral changes that 
have evolved along phylogeny which take place under 
different situations1.

Shift work is associated with an increased rate 
of cardiovascular disease and accidents. Discordance 
between circadian rhythm of stress related biological 
variables and the work sleep schedule explains the 
reduced efficiency of work.

Ha M et al (2001)2 showed that there is an increase 
in both systolic and diastolic blood pressure according 
to shift duration. 

Long duty taxi driving raises blood pressure and 
may increase cardiovascular risk. It is shown that as a 
conflict between circadian rhythm of autonomic activity, 
and work activity at night may also result in increased 
cardiovascular risk7.

Heart rate variability (HRV) is a non invasive test 
to asses the cardio vascular autonomic regulation5. 
HRV has become the conventionally accepted term 
to describe variations of both instantaneous heart rate 
and RR intervals6. HRV analyzes the tonic base line 
autonomic functions3,4.

Martica Halll et al (2004)8 showed that changes 
in HRV with acute stress may represent one pathway 
to disturbed sleep. It is also evident from the study 
that stress related changes in heart rate variability are 
associated with significant morbidity and increased risk 
of mortality8.

There was a significant decrease in HRV in shift 
workers. These results show that there are negative 
health effects by shift work on cardiovascular system6.

It has shown that continuous weekly changes 
in working time alter the HRV in the cardiovascular 
diseases in shift work9.

Apparies et al (1998)10, showed that there was a 
decreased HRV and increased  heart rate in drivers who 
were driving longer combination vehicles, and also 
Suggested that fatigue contributes to driving related 
accidents and fatalities.

The stress normally operate through cortico  
hypothalamo autonomic nerves system axis. The degree 
of intensity of the stress on individual can be better 
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studied by the autonomic modulation takes place in that 
individual.   

So in this study the autonomic changes of one of the 
hazardous occupation in which drivers were evaluated 
to predict or prevent any hazardous occupation induced 
health disorder that may set in as to precipitate in future, 
may help them to improve their life expectancy of 
health. 

MATERIALS AND METHOD

Subject: Volunteer’s among the truck drivers from 
the VRL logistics Ltd participated in the health clinic 
of the college. The healthy males (61) were agreed to 
participate in this study. Time of the visit was between 
10.00AM. to 11.30 AM, they were requested to come in 
a relaxed condition and quiet mood. 

INCLUSION CRITERIA 

1. Healthy males.

2. Males between the age group 18-48 years.

3. Taken regular duties as truck drivers.                 

EXCLUSION CRITERIA

         1. with known hypertension. 

         2. with known cardiac disease. 

         3. on treatment for any other disease.

         4. Complaint of fever.

Parameters: Duration of occupation and HRV

Measurement of HRV:

  ECG appliances (BPL) with Jelly and electrode.      

● Digital data Acquisition system

● HRV soft   1.1 VERSION, AIIMS, NEW DELHI.

A high quality ECG recording was taken under 
standardized condition to minimize artifacts. The ECG 
signal was first recorded in analog and then digitally 
converted. HRV was than analyzed by using the software 
HRV soft 1.1 version, AIIMS, New Delhi. The software 
used automatically gives the values in the time domain 
and frequency domain.

Method of recording : In normal and deep 
breathing.

Duration of occupation: obtained orally from the 
individual 

STASTICS:   The  stastical   analysis  was  done  
using  ANOVA (Analysis  of  variance), student’s  
unpaired -T  test, Mannwhitney U test.

RESULTS

 The 61 subjects were grouped according to their 
work experience into two groups.

The drivers (36) whose working experience was 
less than 5 years were included in group I and their 
mean work experience was 2.8 ±1.5 years. The group 
II contains 25 subjects with work experience more than 
5 years. The mean experience of group II was 9.7±3 
years. 

The time domain and frequency domain of these 
two groups HRV in normal and deep breathing condition 
were compared and analyzed.

Table I shows the analysis in normal breathing and 
table II shows the analysis in deep breathing. 

Tab: I Effect of experience on time and frequency domain heart rate variability 

EXP N MEAN Std deviation Z

HRV     <=5
               >5

36
25

27.1108
15.1648***

8.74463
5.66055

4.96400
P<0.001

LF        <=5
                 >5 

36
25

26.3116
55.8047***

19.10114
6.26252

5.48500
P<0.001 vhs

HF      <=5
           >5

36
25

50.7886
23.7040***

21.54542
9.56846

5.00100
P<0.001 vhs

Very highly significant־***
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The time domain HRV analysis showed that the 
mean HRV in normal breathing of group I was 27.1±8.7 
and in group II was 15.1±5.6. The HRV in group I was 
significantly higher than that of group II (p=0.001), 
when compared with the group II.

The deep breathing showed that the mean HRV of 
group I was 33.7±20.0, which was significantly higher 
(p=0.001) than the group II 20.0 ±5.5.  .

Further the frequency domain analysis of LF and 
HF, in normal breathing showed the following. The mean 
LF of group I was 26.3±6.2 and that of group II was 
55.8±19.1, the LF of group II value was  significantly 

more than group I (p=0.001). But the HF also showed 
significantly (p=0.001) higher value in group I (50.79) 
when compared with the group II (23.70).   

The deep breathing record of frequency domain 
analysis showed that the mean LF of group I was 
58.5±14.7and that of group II was 81.4 ±14.3. When 
analyzed statistically, group II showed very highly 
significant when compared to group I (p=0.001). Also 
in deep breathing the mean HF of group I was 17.8±6.06 
and of group II was 11.2±5.2. It showed group I value 
was very highly significant than the group II (p=0.001). 
(table II)

Tab: II Effect of experience on time and frequency domain heart rate variability in deep breathing 

EXP N MEAN Std deviation Z

HRV DB  <=5
                   >5

36
25

33.7953
20.0084***

8.66530
5.59081

5.55800
P<0.001 vhs

LF DB      <=5
                   >5

36
25

58.5880
81.4114***

14.30321
14.77274

4.79500
P<0.001 vhs

HFDB      <=5
                  >5

36
26

17.8819
11.2992***

6.06355
5.22939

3.79800
P<0.001 vhs

Very highly significant־***           

DISCUSSION

In India main source of transportation of goods 
is land transport, on which the economy is dependent 
which is mainly carried out by the way of trucks. Truck 
drivers are the one who drive long distance and these 
drivers may have to drive vehicles for 11-14 hours a day, 
even in nights, holidays and week ends. These drivers 
are exposed to the various hazardous atmospheres while 
driving, so the occupation of the drivers is said to be 
hazardous occupation. These drivers because of the 
working life style are more prone for increased stress 
and related health hazards. 

Though the heart has its own rhythmicity it is 
regulated by the autonomic nervous system on time to 
time adjustment needed to cope up body’s need. Most 
of the cardiac ailment is precipitated due to involvement 
of the autonomic nervous activity. A decrease in HRV 
indicates increase in sympathetic activity and decrease 
in parasympathetic activity, which may tend to cardiac 
problems. On the other hand an increase in HRV 
indicates increase in parasympathetic activity which 
is more or less having cardio tonic effect. During 

deep breathing the vagal activity is increased due to 
respiratory maneuver which spills over the cardiac tissue 
and the HRV under deep breathing condition is better 
indicator of parasympathetic role in heart.  

In this study, the time domain analysis of HRV 
showed as the experience increases the HRV decreases, 
indicates the shifting of dominance towards sympathetic 
activity proportionate to experience. 

Studies showed that changes in HRV with acute 
stress may represent one pathway to disturbed sleep. It 
is also evident from the study that stress related changes 
in heart rate variability are associated with significant 
morbidity and increased risk of mortality 8.

Shift work is associated with an increased rate 
of cardiovascular disease and accidents. Discordance 
between circadian rhythm of stress related biological 
variables and the work sleep schedule explains the 
reduced efficiency of work. It has shown that continuous 
weekly changes of time of work increases cardiovascular 
diseases in shift work9.
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In our study increased experience associated with 
decreases in HRV may be due to work related stress, as 
the drivers are exposed to a various degrees of stress 
during driving.

In order to find out the degree of shift in 
the autonomic nervous system (sympathetic and 
parasympathetic) affected most, the frequency domain 
analysis was also carried out in these subjects.

Accordingly, the results showed that there was 
an increase in the LF component and decrease in HF 
component as experience increases, this indicates while 
sympathetic activity increases, parasympathetic activity 
decreases.

The study of effect of HRV in driving mental 
fatigue, found that sympathetic activity of the subjects 
enhanced after the simulated driving while HF 
component decreased11. The study of effect of different 
vibration frequencies on HRV and driving fatigue 
showed that there is a significant decrease in all indices 
of HRV, where there is increase in the LF component 
and decrease in the HF component 12 was in agreement 
with the study. 

In our study with the increase in the experience 
there is increase in the LF component, where as there is 
a decrease in the HF component that may be due to these 
stress factors involved in the driving.

CONCLUSIONS

Based on this study, the following conclusions are 
drawn. 

☻ The present work atmosphere of truck drivers 
has created a high stress factor on the individual.

☻ Because of stress, there has been a profound 
influence on the autonomic nervous system. 

☻ Sympathetic over activity which is related to 
STRESS has a major impact on health status of the 
individual as evident from HRV analysis.

RECOMENDATION

Stress factor should not be overlooked by the 
companies recruiting the drivers.

1) Pre recruitment health checkups 

2) Giving good amount of time for the recruit 

before taking up the job so that they get enough time for 
preparation.

3) Changes in the working patterns, give them 
adequate rest before starting new schedule.

4) Post recruitment half yearly/yearly detailed 
health examination, counseling.

Ethical Clearance- Taken from institutional ethical 
committee KIMS Koppal
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ABSTRACT

The collect a substantial amount of data relating to physical fitness in elderly peoples and this findings may be 
helpful for cardiologist with maximum safety and minimum mortality and morbidity or clinicians in reaching the 
appropriate diagnosis.

Breath holding time was performed on 110 healthy (84 male and 26 female) subjects aged 60 years and above. 
49 subjects addict to either tobacco smoking or tobacco chewing and 61 were non-addict for tobacco.  They were 
divided into 4 groups: Group I (60–64 years), Group II (65–69 years), Group III (70–74 years) and Group IV 
(75 years and above). In the (84) elderly male (60yrs above) the average breath holding time (BHT) was 28.20 
± 8.51/sec and the elderly non Addicts male (37) mean were 28.48 ± 7.20/sec and addict (Smoker and Chewer) 
47 elderly male 28.06 ± 9.59/sec . The elderly (26) females (60 yrs above) mean were  26.11 ± 6.63 sec and  non 
addict elderly female (14) mean  28.5 ± 8.28/sec and addict (12) elderly female (smoker and chewer ) mean  
24.o7 ± 3.73/sec. Breath holding time shows a declining pattern with age in all the age groups of men, which is 
statistically significant (p < 0.5). However, in female although the breath holding time also shows an apparent 
declining pattern with age in all age groups but the relationship is statistically insignificant (p > 0.05).

Keyword:- Stop watch, elderly peoples (Male & Female), Indian  population,

INTRODUCTION

In India, the first step towards such type of the survey 
named as ‘General Health Survey’ was conducted in the 
rural field practice area of the Singur Health Centre of 
All India Institute of Hygiene & Public Health, Calcutta 
(Lai and Seal, 1949).1  Since then various surveys have 
been done by various public health workers.

In the era of changing patterns of health and disease 
in developing country like India and also due to breaking 
up of various social and economic barriers, and increased 
ratio of older age population, the importance of health 
surveys is increasing day by day.  The knowledge about 
the changing pattern of health and disease and the allied 
information regarding the health status of older age 
group can only be projected by carrying on such survey 
from time to time in various parts of the country.

Nandel and Widdicomtpa(1975)2 concluded that the 

inhalation of tobacco smoke causes an immediate rise 
in airway resistance which persists for at least an hour. 
This rise of resistance in the airway is a reflex response 
of dust particles in the epithelial lining of the larynx, the 
trachea, and larger bronchiole.

Anderson et al. (1978)3 in their WHO publication 
quoted that Framingham longitudinal studies indicated 
that high physical performance, capacity, i.e., a strong 
hand grip, high vital capacity and a low resting heart 
rate, are associated with a lower than average incidence 
and severity of cardiovascular pathology.

Quantitative assessment of physical fitness in the 
elderly age group Is the most complex and controversial 
problem in applied physiology. This situation arises in 
part from lack of general agreement as what constitutes 
fitness for withstanding various types of stresses and 
from lack of agreement as what measurement exposed 
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to the same stress.

Another problem with the older age group is the 
higher risk for the various tests based on exercise.

Therefore, in the present study the physical 
fitness of this age group is assessed by the various 
cardiorespiratory parameters at rest as also advocated by 
“Royal Air force of England”.

As early as 1967 Jain, et al.4reported that there 
was a stiffness of the thoracic cage and also loss of 
elastic recoil of lungs in elderly people. So there was 
deterioration in the strength of respiratory muscles. They 
also showed the loss of elastic recoiling prevents the 
closure of the respiratory bronchioles during expiration. 
Various factors were responsible for the reduction in 
ventilatory function in the elderly age group5 .

MATERIAL AND METHOD

The present study “The Cardiorespiratory Function 
Tests” was conducted on a randomly selected 110 
apparently healthy subjects of 60 years and above age 
group belonging to both the sexes at Agra. 

Breath holding time was performed on 110 healthy 
(84 male and 26 female) subjects aged 60 years  and 
above. 49 subjects addict to either tobacco smoking or 
tobacco chewing and 61 were non-addict for tobacco.  
They were divided into 4 groups: Group I (60–64 years), 
Group II (65–69 years), Group III (70–74 years) and 
Group IV (75 years and above).

Breath Holding Time is measured by stopwatch. 
The subject was asked to take a quiet inspira tion and 
hold it as long as possible. Duration of breath holding 
was measured by stopwatch.

The following Cardiorespiratory function tests were 
carried out on these subjects:

1. Breath holding time in seconds.

Breath Holding Time:- The instrument used was 
the stop watch. The subject was asked to take a quiet 
inspira tion and hold it as long as possible. Duration 
of breath holding was measured by stopwatch. Three 
readings were taken. Best of the three was taken for 
record.

Precautions:

(i) The subject was instructed to take rest for at 

least 3 minutes.

(ii) Three consecutive readings with an interval of 
one minute were taken. If the rates were not same then 
the subject was instructed to take more rest.

STATISTICAL ANALYSIS

The data were analyzed using Microsoft Excel, 
SPSS version 21, Mean and standard deviation (SD) 
were calculated.  p-value P ≥ 0.05 was considered 
statistically insignificant.

OBSERVATIONS

The present study of evaluation of cardio-
respiratory functional ability  in the elderly age group 
was conducted with the objective to determine the effect 
of male and female in the elderly population, affect 
these parameters. Under this endeavor, very simple 
multi dimensional group of various cardiorespiratory 
function tests comprising of breath holding time, was 
carried out and studied compare with male and female 
in elderly population. Out of these 110 subjects, 84 were 
male and 26 females. showing table no.1

49 subjects addict to either tobacco smoking or 
tobacco chewing and 61 were non-addict for tobacco. 
Showing table no 2.

The details of these findings in various age groups 
and different sexes are shown in Tables no 3.

Following cardio-respiratory function tests were 
performed on these subjects

Breath holding time (BHT) in seconds

For the sake of convenience the subjects were 
grouped in male and female subgroups. Each subgroup 
was further divided in four subgroups as follows :

Group I :     60 yrs to 64 yrs

Group II :   ↓65 yrs to 69 yrs

Group III :   ↓70 yrs to 74 yrs

Group IV :   ↓75 yrs and above.

For each group the mean age, mean height, and 
mean weight were calculated as shown in Table 3.

The mean values and standard deviation of all the 
parameters with respect to age group, comparative 
evaluation of these parameters in the corresponding 
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age group of male and female subjects were calculated 
and the findings are tabulated. Also the assessment 
of correlation of effect of tobacco addiction (tobacco 
smoking and tobacco chewing)’with all the parameters 
studied was done.

Finally, the statistical correlation in the form of 
r, t and p values of each parameter was calculated as 
shown in each table. Though a number of workers have 
reported the respiratory parameters on Indians, most of 
the data are on much younger age groups and especially 
in  students. Amongst the reported data available on the 
elderly population, our values are much closer to the 
values obtained by Pathak and Mehrotra et al. (1989)6

who studied the respiratory function tests in the  elderly 
population of Bombay and Bhargava et al. (1973)7

who conducted the respiratory function tests in elderly 
subjects in Bhopal.

The findings of our study are much lower as 
compared to European contemporary subjects reported 
by Dreyer et al.8

Deterioration of respiratory function tests with age 
might be the resultant effect of a number of factors, 
including the deterioration in the lung tissue; a reduction 
in the strength of the respirator muscles and an increase 
in stiffness of the thoracic cage. The intrapulmonary 
changes are probably partly due to an impairment of 
the nutrient blood supply from the bronchial arteries; 
a diminished permeability of cell membrane and an 
alteration in the molecular structure of the collagen 
and other tissue, collagen fibers increase in number and 
change in quality with age.

The changes are likely to have the effect of 
increasing the rigidity and reducing the tensile strength 
of the tissue as well as by reducing both the viability of 
the cells and their recuperative powers. The time course 
of these manifestations of the process of ageing varies 
from one individual to another and also in male and 
female sexes.  The ethnic difference between the Indians 
and others may be aggravated by damages caused by 
exposure to polluted atmosphere, low socio-economic 
status, genetic differences, body built and other climatic 
variables.

The ventilatory capacities show a consistent 
decline with age. The decline is further augmented by 
smoking/chewing tobacco. The ventilatory capacity is a 
function of the strength of the respiratory muscles and 

the resistance to movement of the lung and the chest 
wall and the reduction that occurs with age is probably 
due to change in all these variables. An assessment of 
the  relationship between the effects of tobacco addiction 
and lung function in both the sexes, it was revealed that 
the magnitude of decline of respiratory function tests is 
far more in tobacco addict than non-addict subjects and 
the finding happens to be statistically significant in both 
the sexes for vital capacity (p <0.01) but the relation ship 
was insignificant for BHT (p > 0.05) and PEFR (p > 
0.05) in both the sexes.

The present study reveals a statistically significant 
deterioration of all the cardiorespiratory function tests 
with the increase of age in both the sexes and the 
deterioration was more tobacco addict subjects (tobacco 
smokers and tobacco chewers) as revealed by the p-
values depicted in the tables no.2

Greater decline in respiratory function tests in 
tobacco addicts again enjoys a massive support from 
other workers (Donald I. Peterson et al., 19689; George 
W. Gomstock et al., 197010; Lower and Khosla, 197211), 
In their separate work on the effect of smoking and 
respiratory function tests, these workers have also 
reported a declining pattern in respiratory function tests 
in tobacco addict. Similar studies were conducted by 
Carl C, Seltzer et al. (1974)12, Manfeda et al. (1982)13, 
Damodar et al. (1983)14, Douglas et al. (1985)15 and they 
also reported a declining lung function test in chronic 
smokers.

Tobacco smoking carries a number of substances 
which may exert an effect on the body. They include 
particles of dust which disturb the function of airway, 
carbon monoxide, which hampers the respiratory 
function of the blood and possibly damages the 
myocardium, tar and oxides of sulphur and nitrogen, 
which exert an irritant effect on the bronchial epithelium 
and may predispose to emphysema and nicotine which 
increases the cardiac frequency and elevates the systolic 
B.P. The magnitude of the  effects of these agents upon 
the respiratory tract varies with the type of tobacco and 
its preparation. The inhaling of tobacco smoke causes an 
immediate rise in the airway resistance which persists 
for at least an hour. Nandel and Widdicomba(1975)2

have shown that this change is a reflex response to 
the deposition of particles of dust upon the epithelial 
lining of the larynx, the trachea and the larger bronchial, 
but the intensity of response varies from individual to 
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individual. Smoking may reduce the volume of the 
blood in lung capillaries.

RESULT

In the (84) elderly male (60yrs above) the average 
breath holding time (BHT) was 28.20 ± 8.51/sec and 
the elderly non Addicts male (37) mean were 28.48 ± 
7.20/Sec and addict (Smoker and Chewer) 47 elderly 
male 28.06 ± 9.59/sec . The elderly (26) females (60 
yrs above) mean were  26.11 ± 6.63 sec and  non addict 
elderly female (14) mean  28.5 ± 8.28/sec and addict (12) 
elderly female (smoker and chewer ) mean  24.o7 ± 3.73/
sec.  Breath holding time shows a declining pattern with 
age in all the age groups of men, which is statistically 
significant(p < 0.5). However, in female, although the 
breath holding time also shows an apparent declining 

pattern with age in all age groups but the relationship is 
statistically insignificant (p > 0.05).

No statistical difference in pulse rate between 
tobacco addicts compared with non-addicts, was 
observed ill the present study.

Table  -1: Comparative evaluation of breath 
holding time of total number of    male   and female 
subjects   studied   (n  =   110)

Sex No. Mean S.D

Male 84 28.20 ±   6.63

Female 26 26.11 ±  6.63

t   =  1.39,    P >0.05

Table – 2: Correlation of breath holding time between non-addicts and addicts  (tobacco smokers & 
tobacco chewers) male and female subjects studied (n - 110)

Type No.
MALE

NO
FEMALE

MEAN S.D MEAN S.D

Non-Addict 37 28.48 ± 7.20 14 28.5 ± 8.28

Addict 
(Smoker + Chewer) 47 28.06 ± 9.59 12 24.07 ± 3.73

Table no.3: Comparative evaluation of breath holding time of different age groups in male and female 
subjects studied (n=110)

Age Group in 
years

BREATH HOLDING TIME   (IN SECONDS)

No.
Male  (n =84)                    Female (n=26)

Mean S.D. No. Mean S.D.

60 – 64 26 36.96 ±    9.8 11 27.72 ±    8*67

↓ 65 – 69 20 32.25 ±  4.63 8 27.33 ±    5.26

↓ 70 – 74 17 26.94 ±   9.61 4 26.50     2.17

↓ 75+ 21 26.65 ±   4.83 3 23.75 ±   2.51

 CONCLUSIONS

Under this Endeavour (a) a predesigned Performa 
(as suggested by W.H.O) was filled up to obtain the 
details for subjective evaluation, and (b) very simple 
multidimensional groups of various cardiorespiratory 
function test comprising of d breath holding time was 
carried out.

From the study point of view, all the subjects were 
grouped in four subgroups i.e., 60-64 yrs, 65-69 yrs, 70-
74 yrs and 75+ yrs. The values obtained were statistically 
evaluated in terms of p values.

The present study reveals a statistically significant 
deterioration of all the cardiorespiratory function tests 
with the increase of age in both the sexes and the 
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deterioration was more  tobacco addict subjects (tobacco 
smokers and tobacco chewers) as revealed by the p-
values depicted in the tables no.2
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ABSTRACT

Introduction: With the discovery of blood group system, blood transfusion has become routine interventional 
modality for various blood disorders. Blood grouping and cross matching are pre-requisites to ensure safe 
compatible transfusion. Many diseases are transmitted during transfusion. This hazards can be minimized by 
proper donor selection and screening. The present study was conducted to study the physiology of ABO and 
Rhesus blood group system and its prevalence and correlation with possible transmission of infections during 
screening in Hassan district.

Materials and method: This retrospective study was conducted at the blood bank of a Hassan Institute Medical 
Sciences for a period of three years from January 2014 to December 2016. The blood was collected from all 
donors, grouped by standard procedures and was screened for various diseases. The data was be statistically 
analyzed. 

Results: ABO and Rhesus blood group of 14,413 donors was determined. The most and least prevalent blood 
group was O positive (39.04%), and AB negative (0.36%) respectively. Prevalence of Rh positive donors (95.32%) 
was more than Rh negative donors (4.68%). A total of 0.92% was found to be positive for diseases. Prevalence of 
Human Immunodeficiency Virus, Hepatitis B virus, Hepatitis C virus and Syphilis are 0.076%, 0.8%, 0.014% and 
0.02% respectively. Statistically significant association was found between HIV and Hepatitis B infection with 
blood groups (Pblood groups (Pblood groups ( <0.05).Higher prevalence of HIV, HBV, HCV and syphilis was found in O positive, B negative , 
A positive  and O positive blood group  respectively. However subclinical asymptomatic malaria positive donors 
were not found in present study.

Conclusion: The most prevalent blood group in Hassan population was O positive. The most common Transfusion 
transmitted infections seen is Hepatitis B infection.

Keywords: ABO, Rhesus Blood group, Transfusion transmitted infections, Human Immunodeficiency Virus, 
Hepatitis B virus, Hepatitis C virus, Syphilis, Malaria parasite.
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INTRODUCTION

With the discovery of blood group system by 
Karl Landsteiner in 1900 and Rhesus system by Karl 

Landsteiner and Weiner in 1940, blood transfusion has 
become routine interventional modality for various 
blood disorders.1   More than 30 blood group system are 
discovered based on the antigens present on the surface 
of red cell membrane. Out of more than 400 antigens only 
A and B are found to be immunologically significant.2

These antigens are complex oligosaccharides and 
glycoprotein that differ in terminal sugar moieties and 
exhibit Mendelian dominant inheritance. Based on 
these two antigens individuals are classified into four 
major blood groups A, B, AB and O. In Rhesus system 
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only D antigen is immunologically significant. Based 
on presence or absence of D antigen individuals are 
classified into Rh D positive and Rh D negative groups. 
Prevalence of ABO and Rhesus Blood Groups varies 
in different races, ethnic groups, geographical areas 
etc.3,4,5 ‘H’ antigens is present on membrane of all blood 
groups which is formed by H gene, which codes for 
fucose transferase and adds terminal fucose. ‘A group’ 
individual contains additional N-acetylgalactosamine 
and ‘B group’ individual contain additional galactose 
on the H antigen which is expressed by different 
tranferases.3

Need of blood transfusion has been increasing 
tremendously nowadays. Modern blood banking 
techniques has helped to transfuse not only whole blood 
but also blood components like plasma components, 
white blood concentrates, packed red cells, platelets etc. 
Blood grouping and cross matching are pre-requisites to 
ensure safe and compatible transfusion. Many diseases 
like cardiovascular diseases, cancer, diabetes, peptic 
ulcer, carcinoma cervix, skin diseases and Personality 
traits are found to be associated with blood groups.6

Genes encoding and regulating the expression of these 
blood group antigens and natural defence mechanism  
of the individual may be responsible for increased or 
decreased susceptibility of the individual to various 
diseases.7 Many diseases like hepatitis, Acquired 
Immuno-Deficiency Syndrome (AIDS), Syphilis, 
infectious mononucleosis, toxoplasmosis etc are 
transmitted through blood during transfusion. Genetic 
and environmental factors, interaction of organisms 
with antigens on membrane may be cause for genesis 
and transmission of diseases.8-10 The risk increases in 
patients receiving multiple transfusions. The hazards 
of transmission of diseases can be minimized by proper 
donor selection and screening.9

OBJECTIVE

To study the physiology of ABO and Rhesus blood 
group system and its prevalence and correlation with 
possible transmission of infections during screening in 
Hassan district.

MATERIALS AND METHOD 

This retrospective, qualitative study was conducted 
at the blood bank of a Hassan Institute Medical Sciences, 
Hassan for a period of three years from January 2014 to 

December 2016. Data was collected from the blood bank. 
A Blood sample of 14413 apparently healthy voluntary 
donors and relative donors (replacement donors) who 
were not on any treatment, within the age group of 18-60 
years, with Hemoglobin more than 12.5 gram% and body 
weight above 45-50 kg was collected after fulfilling all 
the eligibility criteria of a healthy donor. Written consent 
was obtained for various tests to be carried out for the 
transfusion transmitted diseases and their data usage 
for research or transfusion purposes from each donors 
as a routine blood bank procedure. ABO grouping and 
Rh typing was done by agglutination method by using 
commercially available standard antiseras i.e. anti A, 
anti B, and Anti D (Bhat Bio-Tech India private Ltd). 
Weak D antigens (Rh Du) were recognized by most 
reliable Rh Du test and positives were considered as 
Rh positive (Coomb’s method).11,12 Then all blood 
samples  were screened for Human Immunodeficiency 
Virus (HIV-1 & 2), Hepatitis B virus (HBV), Hepatitis 
C virus (HCV), Syphilis and Malaria Parasite (MP). 
Third generation enzyme linked immunosorbant assay 
( ELISA -Erba Lisa ® HIV Gen 3 from Transasia Bio-
medicals Ltd) was used to detect antibodies to HIV-1 and 
HIV-2 virus in human serum and plasma. High sensitive 
enzyme linked immunosorbant assay (ELISA-Erba Lisa 
® SEN HBsAg from Transasia Bio-medicals Ltd)) was 
used to detect surface antigen of Hepatitis B (HBsAg) 
virus in human serum and plasma. HCV ELISA test 
Hepa-scan (Bhat Bio-Tech India private Ltd) was used 
to detect antibodies to Hepatitis C virus (HCV).Then 
samples were sent to central laboratory for Individual 
donor nucleic acid testing (ID-NAT) for earlier detection 
of viral nucleic acid which are in window period of HIV, 
HBV and HCV infections. ID-NAT helps to detect the 
presence of viruses missed by ELISA. Its regular use 
in blood banks would ensure safer blood transfusion.13, 

14 Rapid plasma reagin test (RPR-SPAN- Arkray 
Healthcare Pvt Ltd) was used to diagnose syphilis. And 
peripheral smear of all donors are examined for Malaria 
parasite.

STATISTICAL ANALYSIS

The data was statistically analyzed using Statistical 
Package for Social Sciences (SPSS) for windows and 
EpiInfo software by simple percentage and comparison. 
Chi-square test was carried out to evaluate the 
significance in different groups.  The mean difference 
will be significant at P<0.05 level. Conclusion was 
drawn based on outcome of this statistical treatment.



        174        International Journal of Physiology, July-December 2017, Vol. 5, No. 2     International Journal of Physiology, July-December 2017, Vol. 5, No. 2            175         

RESULTS

ABO and Rh blood group of 14,413 donors was 
determined using antisera. Majority of donors belonged 
to age group between 18-40 years. The percentage 
distribution of voluntary and replacement or relative 
donor (ratio  2.1:1)  and males and females (ratio 20.4:1) 
are shown in table 1.In Hassan population the distribution 
of the ABO and Rh blood group system are as shown in 
table 2.The most prevalent blood group in Hassan district 
was O positive (39.04%), and least prevalent was AB 
negative (0.36%).The prevalence of other blood groups 
like A+,A-,B+,B, AB+,O- are 24.63%,1.22%,25.47%,1.
11%,6.16% and 1.98% respectively(O>B>A>AB). The 
prevalence of Rh positive donors (95.32%) was more 
than Rh negative donors (4.68%).

All the blood samples were screened and the 
results are as shown in the table 3 and table 4. A total 
of 132 donors (0.92%) were found to be positive for 
one or more diseases. Out of which 124 (93.94%) was 
Rh positive and only 8(6.06%) was Rh negative. And 
these Rh negative donors were found to be infected by 

hepatitis B infection. Prevalence of HIV, HBV, HCV 
and syphilis are 11(0.076%), 116(0.8%), 2(0.014%) and 
3(0.02%) respectively (table 3). Statistically significant 
association was found between HIV and Hepatitis B 
infection with ABO and Rh blood groups (Pinfection with ABO and Rh blood groups (Pinfection with ABO and Rh blood groups ( <0.05). 
There was no statistically significant association 
between Hepatitis C and Syphilis infections with blood 
groups (Pgroups (Pgroups ( >0.05). Higher prevalence of HIV was found 
in O positive blood group 7(0.124%) followed by B 
positive 2(0.0.054%), A positive 1(0.03%). Higher 
prevalence of HBV was found in B negative blood group 
3(1.86%) followed by O negative 5(1.75%), AB positive 
11(1.24%), B positive 33(0.89%), O positive 39(0.69%), 
A positive 5(0.7%). Higher prevalence of HCV was 
found in A positive 1(0.028%) followed by O positive 
blood group 1(0.017%). Higher prevalence of syphilis 
positive was found in O positive blood group 2(0.035%) 
followed by B positive 1(0.03%).However subclinical 
asymptomatic malaria positive donors were not found 
in present study. And all symptomatic clinical malaria 
positive donors were excluded from our study.

Table 1: Distribution according to type of donors and gender

Samples in 
year Total Donors Voluntary Donors 

(%)
Replacement 
Donors (%) Males (%) Females (%)

2014 4578 2791(60.96) 1787(39.08) 4300 (93.92) 278(6.07)

2015 4912 3583(73.94) 1329(27.05) 4683(95.33) 229(4.66)

2016 4923 3470(70.48) 1453(29.5) 4757(96.62) 166(3.37)

Total 14413 9844(68.29) 4569(31.7) 13740(95.33) 673(4.66)

Table 2: Distribution according to type of blood group and in percentage

Samples in 
year Total Donors A + (%) A-(%) B+

(%) B –(%) AB+
(%)

AB-
(%)

O+
(%)

O-
(%)

2014 4578
1111 

(24.26)

60 

(1.31)

1124
(24.55)

50
(1.09)

272
(5.94)

09
(0.19)

1843
(40.25)

109
(2.38)

2015 4912 1214
(24.71)

65
(1.32)

1272
(25.89)

52
(1.05)

320
(6.51)

21
(0.42)

1880
(38.27)

88
(1.79)

2016 4923 1225
(24.88)

51
(1.03)

1276
(25.91)

59
(1.19)

297
(6.03)

22
(0.44)

1904
(38.67)

89
(1.8)

Total 14413 3550
(24.63)

176
(1.22)

3672
(25.47)

161
(1.11)

889
(6.16)

52
(0.36)

5627
(39.04)

286
(1.98)
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Table 3: Distribution according to infected (positive) blood donors in each year

Samples in 
year

Total 
Donors HIV (%) HBV (%) HCV (%) Syphilis (%) MP (%) Total

2014 4578 05(0.11) 31(0.67) 01(0.02) 03(0.06) 0(0) 40(0.87)

2015 4912 03(0.06) 45(0.91) 01(0.02) 0(0) 0(0) 49(0.99)

2016 4923 03(0.06) 40(0.81) 0(0) 0(0) 0(0) 43(0.87)

Total 14413 11(0.07) 116(0.8) 02(0.013) 03(0.02) 0(0) 132((0.92)

Table 4: Distribution of infected (positive) donors according to blood group type

Blood group Total 
donors HIV (%) HBV

(%) HCV (%) Syphilis (%) MP
(%)

TOTAL
(%)

A Positive 3550 1
(0.03)

25
(0.7)

1
(0.03) 0 0 27

(0.76)

A Negative 176 0 0 0 0 0 0

B Positive 3672 2
(0.054) 33 (0.89) 0 1

(0.03) 0 36
(0.98)

B Negative 161 0 3
(1.86) 0 0 0 3

(1.86)

AB Positive 889 1
(0.11)

11
(1.24) 0 0 0 12

(1.35)

AB Negative 52 0 0 0 0 0 0

O Positive 5627 7
(0.124)

39
(0.69)

1
(0.017)

2
(0.035) 0 49

(0.87)

O Negative 286 0 5
(1.75) 0 0 0 5

(1.75)

Total 14413 11
(0.076)

116
(0.8)

2
(0.014)

3
(0.02) 0 132

(0.92)

Statistical 
Significance (SS) P<0.05 SS P<0.05 SS

P>0.05 Not
SS P>0.05 Not

SS 0

DISCUSSION

In the present study majority of donors belonged to 
age group between 18-40 years. Voluntary: Replacement  
donor ratio is 2.1:1 which is due to motivation and 
regular blood camps. The Male: Female ratio is 20.4:
1. Lack of motivation, fears, cultural habits, social 
inhibition, anemia during menstruation, low body 
weight etc could have prevented the females from blood 
donation. Hence, Females need to be motivated and 
made aware of advantages of blood donation.5

The most prevalent blood group in Hassan district 
was O positive group (39.04%) in comparison to earlier 

studies.4, 5 Least prevalent blood group was AB negative 
(0.36%).The frequency was given by (O>B>A>AB) 
where as it was (B>O>A>AB) in other studies.4, 5

Prevalence of Rh positive donors (95.32%) was more 
than Rh negative donors (4.68%).

After screening, 0.92% were found to be positive 
for one or more diseases compared to 3.48 %, 0.5% and 
2.25% respectively in earlier studies. 9, 10, 15 Among the 
total reactive group, 93.94% were Rh-D positive and 
remaining 6.06% were Rh-D negative donors. Rh-D 
negative donors were found to be infected from hepatitis 
B infection. Prevalence of hepatitis B infection was 
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more in B negative group (1.86%) when compared to 
O negative group (1.75%). Sreedhar Babu et al found 
that among the total HBV and HCV seroreactive group, 
93.7% and 93.1% had Rh-D positive blood group and 
remaining 6.3% and 6.9% had Rh-D negative blood 
group respectively.16

In the present study, prevalence of HIV, HBV, HCV 
and Syphilis are 11(0.076%), 116(0.8%), 2(0.014%) 
and 3(0.02%) respectively. This can be compared with 
earlier studies in which seroprevalence of HIV, HBV, 
HCV, and syphilis was 0.1%, 0.57%, 0.05%, and 0.05%, 
respectively.17 Statistically significant association was 
found between HIV and Hepatitis B infection with ABO 
and Rh blood groups (Pand Rh blood groups (Pand Rh blood groups ( <0.05). Higher prevalence of 
HIV, HBV, HCV and Syphilis was found in O positive 
(0.124%), B negative (1.86%), A positive (0.03%), 
O positive blood group (0.035%) respectively. Lekha 
Mandodar et al study showed HIV was seen majorly 
in B-ve group, HBsAg in A –ve, HCV in  B –ve and 
VDRL in A –ve blood group.18 There was no statistically 
significant association between Hepatitis C and syphilis 
infections with blood groups (Pinfections with blood groups (Pinfections with blood groups ( >0.05).This goes in 
support of earlier studies.10

Getaneh Alemu et al studied ABO/Rh Blood group 
association with asymptomatic Malaria and found that
blood group is significantly associated with malaria 
infection. High rate of parasitemia was seen in O blood 
group donors compared to other ABO blood groups.19 

However subclinical asymptomatic malaria positive 
donors were not found in present study. All symptomatic 
clinical malaria positive donors were excluded from 
present study.

CONCLUSION

 The most prevalent blood group in Hassan district 
was ‘O positive’ (39.04%), and least prevalent was AB 
negative (0.36%). Prevalence of Rh positive donors 
(95.32%) was more than Rh negative donors (4.68%). A 
total of 0.92% was found to be positive for one or more 
diseases. Out of which 93.94% was Rh positive donors 
and 6.06% were Rh negative. Rh negative donors were 
found to be positive for hepatitis B infection. Prevalence 
of HIV, HBV, HCV and VDRL are 11(0.076%), 
116(0.8%), 2(0.014%) and 3(0.02%) respectively. 
Higher prevalence of HIV, HBV, HCV and Syphilis was 
found in O positive (0.124%), B negative blood group 
(1.86%), A positive (0.03%) and O positive blood group 

(0.035%) respectively. The most common Transfusion 
transmitted infections seen in Hassan district is Hepatitis 
B infection.
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ABSTRACT

Background: The goal of medical education is to train knowledgeable, competent and professional physicians 
to care for the nation’s sick, advance the science of medicine and promote public health. Medical school can 
impose significant psychological stress on medical students mainly through time pressure, large amount of 
new information, excessive working hours and knowing that at the end of their training they will be directly 
responsible for the health and welfare of others.

Aims and Objectives: To determine the prevalence of anxiety, depression and stress in first year undergraduate 
medical students in Shimoga.

Materials and Method:  A cross-sectional, questionnaire based survey was conducted among 200 First Year 
MBBS students aged between 18-22 years at SIMS, Shimoga using DASS-42 Scale.

Results: Out of 200 students, about 65% had anxiety, 42% had depression and around 58% were found to be 
under stress. Female students were 6 times more likely to develop stress.

Conclusion: The challenges to all medical colleges are to promote student well-being and provide students with 
the coping tools to deal with stress throughout their medical education. They should incorporate more leisure 
activities in their curriculum, promote better interaction between the students and the faculty, have advisory 
services and peer group counseling at the campus and instigate rehabilitation programs for victims of anxiety and 
depression.

Keywords: Anxiety; Depression; Stress; First year medical students.
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INTRODUCTION

In the more competitive environment that 
accompanied the increasing industrialization of the 20th 
century, there has been a widespread increase in stress-
related mental disorders. It is estimated that by the year 
2020, anxiety and depression will be the second most 
common cause of disability worldwide. [1]

The goal of medical education is to train 
knowledgeable, competent and professional physicians 

to care for the nation’s sick, advance the science of 
medicine and promote public health.[2] Medical school 
can impose significant psychological stress on medical 
students mainly through time pressure, large amount 
of new information, excessive working hours and 
knowing that at end of their training they will be directly 
responsible for health and welfare of others.[3]

A considerable degree of psychological morbidity 
has been reported in medical students ranging from 
stress, interpersonal problems and suicidal ideation to 
psychiatric disorders. These reports have given rise 
to concern on how students’ distress can affect their 
learning, professional development and patient contacts 
.Psychological problems from medical school stress 
may predict later mental health problems; students 
seldom seek help for their problems. [4] 
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There is a paucity of such studies in South India. 
Hence, this study was carried out to see the prevalence 
of anxiety, depression and stress among first year 
undergraduate medical students in SIMS, Shimoga.

MATERIALS AND METHOD

The study was carried out among 200 first year 
undergraduate medical students of SIMS, Shimoga 
in January –February around five months after 
the commencement of the course. It was a cross-
sectional study which included all First year medical 
Undergraduate students in the age group of 18-22 years.

Method of collection of data:

1. The study was done after obtaining Institutional 
Ethical Committee Clearance.

2. Details of the study protocol were explained to 
all those who volunteered for the study.

3. Informed consent was obtained. 

4. The tests were carried out on the students in 
small batches of 20-30.

5. They were given a questionnaire (DASS 42 
Scale) to be filled by themselves individually. 

6. The students were explained the aim of the 
study and the fact that their co-operation in the form of 
giving honest answers was necessary.

7. Students were also assured that their anonymity 
would be maintained.

8. Score was noted based on DASS Scoring. [5]

9. Data was expressed in terms of percentage.

Statistical analysis: Statistical analysis was done 
using SPSS software version 21. p value < 0.05 was 
considered significant.

RESULTS

200 first year undergraduate medical students aged 
18-22 years  of whom 120 were males and 80 females 
were included in the study.Mean age was around 19.5± 
1.33. Score was interpreted based on DASS-42 scoring 
.Prevalence of Anxiety , Depression and Stress among 
these medical students are shown Table 1.In the study, 
anxiety was more prevalent ( 65%) , compared to stress 
(58%) and depression (42%).

Among those with anxiety, 32% had mild degree of 
anxiety, 17% had moderate anxiety , 11%  had severe 
anxiety and 5% had extremely severe anxiety (Figure 
1).Among those who had depression, 22% had mild 
depression, 11%  had moderate level of depression 
7% had severe depression and 2% were found to have 
extremely severe depression(Figure 2).Among those 
who were stressed, 16% had mild stress, 21% were 
moderately  stressed, 12% were under severe stress, and 
9% were found to be extremely stressed out(Figure 3).

Table 2 shows the gender differences in prevalence 
of various grades of anxiety, depression and stress. The 
present study showed that prevalence of anxiety was 
equal (65%) among both the genders. Table 2 shows 
24% of the females were moderately anxious whereas 
only 12% males had moderate anxiety.

There was no significant gender difference in 
the prevalence of mild/ severe anxiety. There was no 
significant difference in the prevalence of depression 
among males and females. However prevalence of 
moderate to severe depression was significantly more 
among females compared to males (p < 0.05).

Table 2 shows that prevalence of stress in females 
was 80%, whereas it was 43% among males. Table 3 
shows prevalence of stress was 6 times higher in females 
compared to their male counter parts (p <0.0001). 45% 
of females were under severe- extremely severe stress 
compared to 5% in males indicating female medical 
undergraduate students significantly suffered from 
severe-extremely severe stress (p<0.05).

Table 1: Prevalence of anxiety, depresssion and stress among first year medicl students

Present Not Present
No. of Partcipants Percentage (%) No . of Partcipants Percentage (%)

Anxiety 130 65 70 35
Depression 84 42 116 58
Stress 116 58 84 42
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Figure 2: Prevalence of depression among first year 
undergraduate medical students (n=200)

Table 2: Gender wise distribution of anxiety, depression and stress among first year medical students

Grades

Males Females Total 

No. of 
Individuals % No. of 

Individuals % No. of 
Individuals %

Anxiety

Normal 42 35 28 35 70 35

Mild 38 31.5 26 32.5 64 32

Moderate 15 12.5 19 24 34 17

Severe 17 14 5 6 22 11

Extremely Severe 8 1 2 2.5 10 5

Depression 

Normal 91 76 25 31.2 116 58

Mild 22 18 22 27.5 44 22

Moderate 04 3.4 18 22.5 22 11

Severe 02 1.7 12 15 14 07

Extremely Severe 01 0.9 03 3.8 04 02

Stress

Normal 68 57 16 20 84 42

Mild 12 10 20 25 32 16

Moderate 34 28 08 10 42 21

Severe 04 03 20 25 24 12

Extremely Severe 02 02 16 20 18 09

Table 3: Association of gender with stress

STRESS NO STRESS 
ODDS RATIO VALUE
(95% CONFIDENCE 
INTERVAL)

P-VALUE

FEMALES 64
(80%)

16
(20%)

6.1818
(3.1751 to 12.0359)

P<0.0001
(<0.05)
SIGNIFICANTMALES 52

(43%)
68
(57%)

Figure 2: Prevalence of depression among first year Figure 1: Prevalence of anxiety among first year Figure 1: Prevalence of anxiety among first year 
undergraduate medical students (n=200)
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Figure 3: Prevalence of stress among first year 
undergraduate medical students (n=200)

DISCUSSION

 Psychological well-being is important for medical 
students, for the patients they met and for their future 
medical practice. Current education process in medical 
training exposes their students several types of stressors, 
some are exogenous such as adaptation to medical 
curriculum, vastness etc. and some are endogenous like 
gender, personality traits etc. We have used the reliable 
and valid depression and anxiety screening tool, DASS-
42.

A similar cross-sectional study done using DASS 
42 questionnaire showed that. More than half of the 
respondents were affected by depression (51.3%), 
anxiety (66.9%) and stress (53%). Females reported 
higher score as compared to their male counterparts. 
Perception of self assessment in academics was strongly 
associated with the higher score.[6]

A cross-sectional study carried out on 815 medical 
students at Nishtar Medical College, Multan showed a 
high prevalence of anxiety and depression (43.89%) . 
Prevalence of anxiety and depression among students of 
first, second, third, fourth and final years was 45.86%, 
52.58%, 47.14%, 28.75% and 45.10% respectively. 
Female students were found to be more depressed than 
male students (OR = 2.05, 95% CI = 1.42-2.95, p = 
0.0001). There was a significant association between the 
prevalence of anxiety and depression and the respective 
year of medical college (p = 0.0276).[7]

In a study done on 252 students, prevalence of 
anxiety and depression in students of 4th year, 3rd year, 
2nd year and 1st year was 49%, 47%, 73% and 66% 
respectively. It was significantly higher in 1st year and 
2nd year, as compared to 3rd and 4th year (p < 0.05).[8]

Medical students go through not only the stress 
imposed by medical education but also routine everyday 
life stressor which may explain the level of severe stress 
noted among medical students. It was found in our study 
that females were  6 times more likely to develop stress. 
The reason may be because in South India most girls 
are brought up in a conservative environment and once 
they join the medical school they may end up staying 
away from home and find it difficult to cope up with the 
changes around them. 

The reasons that can be attributed to the severe 
stress among 1st year students are large content of the 
text to be learnt, tests/examinations and no sufficient 
time to review what has been learnt. These calls for 
introducing early intervention strategies so that students 
who are entering in the medical education system can 
learn to cope with the pressure induced by medical 
education timely.

Interaction between students and faculties should 
be encouraged so that the signs of stress, anxiety and 
depression can be detected and addressed at the earliest. 
Prevention strategies should take into consideration 
the wide variety of factors that are inducing stress, 
depression or anxiety among students. Adding electives 
can also allow flexible learning options in the curriculum 
and may offer a variety of options including clinical 
electives, laboratory postings or community exposure in 
areas that students are not normally exposed as a part of 
regular curriculum. This will also provide opportunity 
for students to do project, enhance self directed learning, 
critical thinking and research abilities.

It is possible that few students have already an 
inherent tendency of taking stress and being anxious 
at their entry in M.B.B.S course may be aggravating 
it. Such students should be identified by psychological 
screening tests at the time of their entry only. Recreation 
facilities should be provided within the campus for the 
students as it is proved that inadequate social activity and 
impaired psychological health are interlinked and also 
that leisure activities can reduce stress among students. 
Relaxing exercises, yoga and meditation should be 
studied to relieve stress among medical students

CONCLUSION

This study has found that majority of First year 
undergraduate medical students experience stress. 
Proper guidance and counseling by faculties may help 

Figure 3: Prevalence of stress among first year 
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to improve the present scenario. A physician is like a 
flower in the society. For spreading its fragrance into 
the society, it needs to be nurtured healthily providing 
a sound mental built up from the curricular activities 
supported adequately by their families.

LIMITATIONS

Lack of generalization of our results to other 
medical schools in India is an important limitation of 
this study. As it is a questionnaire based study, reporting 
bias can’t be eliminated. This study was restricted to 
only one medical college. The sample size was small and 
unequal. Further studies taking large and proportionate 
sample size would minimize bias.

The study was done only in first year medical 
students and did not involve the students of other phases. 
The main reasons that surfaced were the sensitive and 
personal nature of the study as well as the length of 
questionnaire.

Source of Funding: None
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Ethical Clearance: Ethical clearance obtained from 
Institutional ethical committee.
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ABSTRACT

Background: Computers have become an integral part of our modern world. Computer use is an interactive 
activity. Participation in cognitively challenging activities is associated with higher level of cognitive performance. 
However, effect of computer use on cognitive function is not well understood. Hence this study was taken up to 
evaluate the effect of occupational computer use on cognition.

Methodology: A total of 50 occupational (using computer for work for >40hrs/week) and 50 recreational (<15hrs/
week) computer users who were graduates in the age group of 21-35yrs were tested for ‘Mental Speed’ by Digit 
Symbol Substitution Test (DSST), ‘Sustained Attention’ by Digit Vigilance Test (DVT), ‘Response Inhibition’ 
by Stroop Test and ‘Learning & Memory’ by Auditory Verbal Learning Test (AVLT) & Complex Figure Test 
(CFT).

Results: Results were statistically analysed using student ’t’ test. Occupational computer users performed better 
than the controls in DSST (p=0.041), DVT (p=0.027), Stroop Test (p=0.004) and Complex Figure Test (p=0.02) 
which were statistically significant. However, no statistically significant difference was observed in AVLT 
between the two groups. 

Conclusion: Occupational computer users have better mental speed, sustained attention, response inhibition and 
visual memory compared to recreational computer users.

Keywords: Cognition, Occupation, Recreational, Computer Use.

INTRODUCTION

Computers have become an integral part of our 
modern world1. It is being used in every aspect of life 
from calculating grocery bills, banking operations, 
telecommunications, IT field, education & medical 
care2. However along with its benefits, it is associated 
with visual fatigue, musculoskeletal disorders, stress 
and decreased sleep due to their time bound work3, 4. 
Computer related morbidity has become an important 
occupational health problem2. 

The concept of cognition (from the Latin word 
cognoscere, "to know" or "to recognize") refers to the 
capacity for information processing, applying knowledge 
and changing preferences. Cognition involves memory, 
attention, executive functions, perception, language and 
psycho-motor functions5. Several studies have suggested 
that engaging in cognitively challenging activities, such 

as reading books or newspapers, playing games, making 
crossword puzzles and listening to music, is associated 
with maintenance or even improvement of cognitive 
skills6. 

Some studies have shown that greater use of 
computer will be associated with higher levels of 
cognitive performance1. Whether adults with better 
cognitive abilities tend to use the computer more (due 
to socio-economic status/occupation, better computer 
attitudes or other factors) or the computer use helps to 
maintain or improve cognitive abilities, is still unclear7. 
Few studies have also shown that computer use has no 
effect on cognitive function8.

To date, only a limited number of studies have 
actually focused on the impact of computer use on 
cognitive functions. Hence this study was undertaken, 
to evaluate the effect of occupational computer use 
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on cognition and to settle down the contrary results in 
previous studies.

MATERIAL AND METHOD

Study was conducted on computer users in Bangalore 
after obtaining clearance from the Institutional Ethical 
Committee.  Study was carried out between April and 
June 2016. Informed written consent was obtained from 
every subject after explaining the study protocol. 100 
computer users in the age group of 21–35 years who 
were graduates were selected for the study according to 
the eligibility criteria. 

A detailed history taking and relevant clinical 
examination was done for all subjects. Following which, 
subjects who had BMI > 30kg/m2, Perceived Stress Scale 
Score > 13, Pittsburgh Sleep Quality Index Score   5 were 
excluded from the study. Also, individuals with diabetes 

mellitus, hypertension, psychiatric illness, neurological 
disorders, smoking, alcohol intake or  any substance 
abuse were not taken up for the study. Subjects receiving 
medications like sedatives and hypnotics were also 
excluded. Of the 100 participants, 50 were occupational 
computer users who used computer for work for 
>40hrs/week and 50 were recreational computer users
who used computer for <15hrs/week for recreational 
purposes. In this modern era of technology, since it 
is difficult to get a non-user of computer, recreational 
computer users were chosen as the control group.

Cognitive Function Tests were administered 
according to the instructions provided in the NIMHANS 
Neuropsychology Battery9. Time taken for test was 
noted with the help of a stopwatch. Following tests were 
administered in a fixed order during a single session in a 
quiet room for all participants:-

Domain Function Test

Speed Mental Speed Digit Symbol Substitution Test (DSST)

Attention Sustained Attention Digit Vigilance Test (DVT)

Executive Functions Response Inhibition Stroop Test

Learning & Memory Verbal Auditory Verbal Learning Test (AVLT)

Learning & Memory Visual Complex Figure Test

Digit Symbol Substitution Test: DSST consists of 
a sheet in which numbers 1–9 are randomly arranged 
in 4 rows of 25 squares each. Subject substitutes each 
number with a symbol using a number-symbol key given 
on top of the page. First 10 squares are for practice. Time 
taken to complete the test forms the score. Lower score 
indicates better mental speed.

Digit Vigilance Test: DVT consists of numbers 1–9 
randomly ordered and placed in rows on a page. There 
are 30 digits per row and 50 rows on the sheet. Digits 
are closely packed on the sheet. Subject has to cancel 
the digits, 6 and 9 as fast as possible without missing 
the targets or cancelling wrong numbers. Time taken to 
complete the test forms the score. Lower score indicates 
better sustained attention.

Stroop Test: Colour names Blue, Green, Red and 
Yellow are printed in capital letters on a paper. Colour 
of the print occasionally corresponds with the colour 

designated by the word. Words are printed in 16 rows 
and 11 columns. Subject was asked to read the words 
column-wise as fast as possible. Time taken to read all 
the 11 columns were noted down. Next, the subject was 
asked to name the colour in which the word was printed. 
The time taken to name all the colours in column wise 
was noted down. Reading time and naming time were 
converted into seconds. Reading time was subtracted 
from the naming time to get the Stroop effect score. 
Lower score indicates better executive function.

Auditory Verbal Learning Test: AVLT consists 
of words designating familiar objects like the vehicles, 
tools, animals and body parts. There are two lists A 
and B, with 15 words in each list. Words in list A were 
presented at rate of 1 word per second in the same order 
for 5 trials. Each trial consisted of the presentation of 
all 15 words, immediately followed by the recall of the 
same by the subject. Response was noted down. After 
the completion of 5 trials of List A, words in List B were 
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presented once and an immediate recall was taken for 
the same. Presentation of List B serves as interference. 
This was followed by immediate recall of words from immediate recall of words from immediate recall
List A. After a delay of 20 min, words from List A 
were again recalled to form the delayed recall score. delayed recall score. delayed recall
Following delayed recall, recognition trial was done in recognition trial was done in recognition trial
which, 30 words [15 words from List A & 15 new words 
were randomly mixed] were called out one at a time and 
the subject indicated whether each word belonged to list 
A or not. Hits and errors were recorded. Total number of 
words correctly recalled over 5 trials form the Learning 
Score. Number of words recalled correctly in immediate 
recall trial, delayed recall trial and recognition trial form 
the Memory Score.

Complex Figure Test: An 8.5 inch by 11 inch card 
containing complex figure and a paper of same size is 
placed in front of subject. Subject has to copy the figure 

on the paper without using rulers; erasers may be used. 
Then, the subject is asked to recall the figure twice 
– 3 minutes after copying (Immediate Recall) and 30 
minutes later (Delayed Recall). A score of 0, 0.5, 1 or 2 
was assigned to each unit of figure based on the accuracy 
and placement criteria; total score was calculated.

Statistical Analysis: Data presented as mean ± 
standard deviation.  Independent Student’s t-test (two 
tailed) was used to compare the two groups. P-value < 
0.05 was considered statistically significant. LibreOffice 
Calc was used for statistical analysis and to generate 
tables and graphs.

RESULTS

Table 1 shows demographic details of both the 
groups. Both the groups were age, BMI and gender 
matched.

Table 1: Demographic Details

Occupational Computer Users Recreational Computer Users P-Value

Age (yrs) 28.1 ± 3.76 27.08 ± 3.26 0.151

BMI (Kg/m2) 23.12 ± 1.8 23.75 ± 1.98 0.096

Males 27 23

Females 23 27

Table 2 shows mean ± SD values of the scores of different tests for both the groups. It was observed that occupational 
computer users performed better in DSST, DVT, Stroop Test and Complex Figure Test which was statistically 
significant. However, no statistically significant difference was observed for AVLT score between the two groups.

Table 2: Scores of different tests of both the groups

Occupational Computer 
Users

Recreational Computer 
Users P-Value 

DSST Score 159.32 ± 13.37 164.28 ± 10.39 0.041*

DVT Score 371.02 ± 18.39 378.88 ± 16.47 0.027*

Stroop Score 92.82 ± 5.78 96.74 ± 7.35 0.004*

AVLT – Learning Score 62.16 ± 3.59 60.9 ± 5.64 0.186

AVLT – Memory Score 44.04 ± 3.63 44.72 ± 2.79 0.296

CFT – Copy 35.08 ± 1.1 34.76 ± 1.42 0.212

CFT – Immediate Recall 26.2 ± 2.06 24.99 ± 2.98 0.02*

CFT – Delayed Recall 25.83 ± 2.53 24.52 ± 3.03 0.021*
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DISCUSSION

The present study reveals that occupational 
computer users have better mental speed, sustained 
attention, response inhibition and visual memory 
compared to recreational computer users. ‘Mental 
Speed’ requires rapid processing of information which 
in-turn requires coordination of different areas of brain. 
‘Sustained Attention’ refers to the capacity to attend a 
task for a required period of time. Right fronto parietal 
network mediates sustained attention. ‘Response 
Inhibition’ measures the ease with which a perceptual 
set can be shifted both to conjoin changing demands 
and by suppressing a habitual response in favour of an 
unusual one. Pre-frontal areas are essential for response 
inhibition. ‘Verbal / Visual Learning and Memory’ 
is the capacity to learn and remember verbal / visual 
material9.

Computer use requires continuous inputs from 
the users and therefore provides mental stimulation. 
Computer use is an interactive activity which requires 
visuomotor control in their operation: visual-cognitive 
input (i.e., viewing a screen) and manual output (i.e., 
manipulation of peripheral devices such as a keyboard 
and mouse) 10. 

Procedural memory is required to activate the 
routines that are necessary to use a computer program, 
e.g. to launch a Web browser, and to execute specific 
commands in that browser. To keep track of information 
already processed or to decide on the next action to 
take, working memory is required. Executive functions 
come into play when strategies are made to perform a 
task efficiently. Visual search, information processing 
and attention processes are recruited in order to find 
relevant cues, to evaluate which information is relevant 
within a given context, and to focus on those cues while 
ignoring or inhibiting irrelevant cues6. Therefore, it is 
possible that having and maintaining a job that involves 
a computer also requires more mental activities such as 
organizing and multi-tasking1.

Researches have shown that structural differences 
emerge in brain, when exposed to divergent sensory 
experience. So the external conditions can transform 
the course of brain development. This phenomenon 
is referred as neural plasticity11. Computer experience 
is associated with altered neural activation in frontal 
regions which are consistent with the computer's 
demands on multitasking, involving shifting of attention 

and interactive coordination of motor, sensory and 
cognitive skills. Thus coordinating and scheduling all 
of these component activities may help to maintain 
good cognitive function1. And this cognitively 
stimulating activity may enhance functional connections 
contributing to cognitive reserve12.

Findings in the present study are consistent with the 
results from a study done by Patricia A.Tun et al in 2010. 
They found that frequent computer activity is associated 
with good cognitive function particularly executive 
control1. Slegers K et al in 2012 also reported similar 
findings. Their study was quiet similar to ours in terms 
of tests used. They used Visual Verbal Learning Test 
to measure verbal memory, Letter–Digit Substitution 
Test to measure processing speed and Stroop Colour 
Word Test for selective attention and susceptibility to 
interference. They also found protective effects of the 
computer use for measures of selective attention and 
memory in both older (>50yrs) and younger (24-49yrs) 
participants6. But contrary to above results, Slegers K et 
al in 2009 observed that learning to use a computer, does 
not benefit older adults with respect to many domains 
of cognitive functions8. It could be because, it was an 
intervention study in which participants used computer 
for 1 year and just 1 year of computer use  may not be 
enough to cause changes in cognitive functions. Also, 
in our study, computer use was self-initiated, while 
in intervention studies participants are asked to use 
computer. As a result, individuals might have differed in 
their motivation to use computers.

There were few limitations in the present study. 
Larger and more diverse population including varied 
age groups should have been more representative of the 
population. Longitudinal studies are required to examine 
the causal mechanisms in the relationship between 
cognitive performance and computer use. Further 
research using functional MRI can provide better insight 
into the mechanisms.

CONCLUSION

Computer use has positive effects on cognition. 
Computer use may be one of the easily accessible 
activity that helps to remain mentally active. Computers 
are useful tools which should be suitably & thoughtfully 
integrated within the educational system. Computer use 
can be promoted to lessen the chances of developing 
cognitive impairments like Alzheimer's disease and age-
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ABSTRACT

Background: Type 2 diabetes mellitus (T2DM) is a leading cause of morbidity and mortality, particularly from 
cardiovascular diseases. Family history of diabetes appears to increase the risk of coronary artery disease (CAD), 
even in non-diabetic subjects. They are insulin resistant and carry a risk of premature atherosclerosis, the extent 
of which can be estimated by measuring the carotid artery intima media thickness (CIMT).

Aim & objectives: To compare the CIMT in offsprings with (FH+) of T2DM and offsprings without (FH-) of 
T2DM. Subjects in both groups are apparently healthy individuals with no known cardiovascular risk factors.

Method: We studied 69 young (18-25 years), adult offsprings with (FH+) of T2DM and 50 control subjects 
without (FH-) of T2DM (age, sex, BMI and blood pressure matched). A FH+ of T2DM was defined as having one 
or both parents with type 2 diabetes. All subjects underwent high resolution B-mode ultrasonographic evaluation 
of common carotid artery intima–media thickness. Plasma glucose and lipid profile were measured after an 
overnight fast of 10-12 hours.

Results: Compared to controls, subjects with FH+ had increased CIMT, (0.46 mm ± 0.01 Vs 0.56 mm ± 0.01, 
P<0·001). Metabolic parameters were within normal limits and there was no statistical difference among both 
groups. Pearson’s correlation established a significant and stronger association between CIMT and metabolic 
variables (fasting blood glucose, triglycerides and very low density lipoprotein cholesterol) only among FH+

subjects.

Conclusion: These results suggest that a genetic predisposition to T2DM may accelerate the development of 
atherosclerosis and increase the risk for CHD. 

Keywords: Type 2 diabetes mellitus, coronary heart disease, carotid artery intima media thickness, blood 
glucose.
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INTRODUCTION

It is well established that type 2 diabetes mellitus 
(T2DM) is a leading cause of morbidity and mortality, 
particularly from cardiovascular disease. The risk of 

heart disease increases even in non-diabetic subjects 
with family history of T2DM. They approximately 
have a 40% life time risk of developing T2DM1. 
Though, present life style with excess calorie dense 
food and limited physical activities are attributed for the 
development of T2DM, a genetic predisposition seems 
to be an important trigger in initiating the metabolic 
dysregulation that leads to the development of T2DM2.  
Subjects with family history of T2DM are often insulin 
resistant and carry a risk of premature atherosclerosis. 
Measurement of carotid artery intima media thickness 
(CIMT) by high resolution ultrasonography is being 
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used as an approved surrogate marker for subclinical 
atherosclerosis3, since it is an excellent non-invasive 
marker of generalized atherosclerosis. There are many 
reports that suggested that the carotid and cerebral 
arteries and the aorta undergo the atherosclerosis at the 
same age as the coronary arteries4. It is also a strong 
predictor of future cardiovascular events5. Hence, 
a family history of diabetes, even in non-diabetics 
subjects without any cardiovascular disease risk factors, 
is regarded as an increased coronary heart disease risk. 
Carotid ultrasonic measurements can be an important 
early atherosclerosis marker. The objective of this study 
is to analyse the structural characters of the carotid 
arteries in subjects with and without a family history of 
T2DM, both groups with no other known cardiovascular 
risk factors.

MATERIALS AND METHOD

Research design & subjects

In this cross-sectional study, we studied a total 
of 103 subjects between the ages of 18-25 years of 
both sexes. Among which 69 were cases with positive 
family history of T2DM and 34 were controls with 
negative family history for T2DM. Few control subjects 
included in the present study were the same in whom 
we investigated the effects of family history of coronary 
artery disease on carotid intima media thickness6. A 
positive family history of T2DM was defined as having 
one or both parents with T2DM and a negative family 
history of T2DM was defined as having either parents 
or relatives up to third generation without T2DM. Cases 
were recruited among the offsprings of patients who 
visited the Diabetic clinic and controls were subjects 
who visited the same hospital for physical fitness 
certificates prior to employment. The study was done in 
the Department of Physiology in conjunction with the 
Department of General Medicine and Radiodiagnosis at 
SRM Medical College, Hospital and Research Centre, 
kattankulathur, India for a total duration of 22 months 
from August 2014 till May 2016. To reduce the effect 
of other confounding factors we excluded subjects 
with smoking history, alcohol intake, coronary artery 
anomaly, arrhythmia, heart failure, stroke, transient 
ischaemic attack, obesity, who are already being treated 
for CAD/diabetes and/ anaemia, hepatic and other 
chronic illness that might affect glucose homeostasis 
and endothelial function. Thus participants in both 
groups were metabolically well defined individuals with 

no other known cardiovascular risk factors other than 
family history of T2DM in cases. 

Ethics statement:

The study was initiated after obtaining approval 
from the institutional ethics committee (659/IEC/2014) 
and conducted in accordance with the Declaration of 
Helsinki, including written informed consent from each 
participant. 

Blood pressure and anthropometric 
measurements:

All those who agreed to participate were given a 
questionnaire to obtain information on smoking, alcohol 
consumption, history of diabetes, hypertension, family 
history of vascular disease and diabetes. Each subject 
underwent a detailed clinical examination and BMI was 
calculated after measuring anthropometric variables like 
height and weight according to standardized protocols7. 
Blood pressure was measured as a mean of three 
readings taken at 2 minutes interval using a periodically 
calibrated mercury sphygmomanometer8. 

Sample collection and blood investigations:

Fasting venous blood samples were collected 
between 8-10 am in the morning after 10-12 hours of 
fasting to estimate blood sugar levels and lipid profile. 
Blood glucose levels were estimated by the glucose 
oxidase method9. Lipid profile included measurement 
of total cholesterol (TC), triglyceride (TG), high-
density lipoprotein cholesterol (HDL-C), low-density 
lipoprotein cholesterol (LDL-C) and very low-density 
lipoprotein (VLDL-C) cholesterol using standardized 
commercially available SIEMENS kit8. Serum LDL-C 
and VLDL-C were calculated from the estimated values 
of TC, TG and HDL-C, using Frieldwald’s equation10.

Ultrasonography measurements:

CIMT was measured with high resolution ultrasound 
of the right and left carotid arteries using PHILIPS HD 7 
ultrasound machine with L12-3 broadband linear probe. 
The study protocol involved scanning the bilateral 
cervical carotid arteries in cross section to see the luminal 
patency and for the presence of plaques in the longest 
extension possible from the base of the neck to the 
carotid bulb and bifurcation. Then longitudinal images 
were obtained and the distance between the far two 
echogenic lines representing the intima media thickness 
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(IMT) of the arterial wall of the distal common carotid 
artery (CCA) was measured within 1 cm proximal to the 
carotid bulb. The maximal IMT at this site in the right 
and left CCAs was measured by manual technique using 
electronic callipers11. The lumen diameter between the 
near and far wall intima media interfaces was imaged 
at this site on both sides. All measurements were made 
by a single trained radiologist who was unaware of the 
subjects’ status. 

STATISTICAL ANALYSIS

Data were analysed by using Microsoft excel and 
statistical software SPSS version 21.0. Descriptive 
statistics such as mean & standard deviation were used 
to describe the continuous variables and frequency 
& percentages were used to describe the categorical 
variables. Inferential statistics such as Independent T 
test was used to analyse the difference in the means 
between the groups. Pearson correlation was used to 
find out the correlation between continuous variables. 
P value less than 0.05 was considered to be statistically 
significant. 

FINDINGS

The data on anthropometric and clinical 
characteristics of our study subjects is presented in 
table 1. Our data shows that there is no difference in 
the mean value between both groups, thus making them 
comparable. Also the BMI and other clinical characters 
like blood pressure and its derivatives were within 
normal limits in both groups, indicating our subjects 
to be apparently healthy individuals. As expected, 
from table 2 it is evident that there was no significant 
difference among both groups with respect to blood 
glucose and lipid profile. 

Table 3 summarizes the ultrasonographic findings 
of the carotids. Subjects with a positive family history 
of T2DM had greater intima media thickness (right, left 
and average IMT) compared to those with a negative 
family history. No difference was observed for carotid 
lumen diameter. 

Table 4 shows the results of the logistic regression 
analyses of CIMT(dependent variable) and metabolic 
parameters like fasting blood glucose and lipid profile 
among our study subjects (n=103). It is observed that 
mean CIMT was significantly associated with FBS, TG 
and VLDL cholesterol. When we did subgroup analyses 

we noted a significant and stronger association between 
CIMT and metabolic variables (FBS, TG and VLDL) 
only among those with a positive family history of 
T2DM (Table 5).  

DISCUSSION

It is a well-established fact that genetic predisposition 
to type 2 diabetes is associated with higher risk of coronary 
artery disease (CAD). Many authors have shown an 
increased CIMT values in diabetic individuals compared 
to non-diabetic controls12. Also a positive relation was 
found between duration of diabetes and CIMT13. Mohan 
et al14 in their study showed a linear increase in mean 
CIMT values with increased post prandial blood glucose 
level, corroborating a greater damage to the vessel wall. 
However, a similar observation among young adults 
with genetic predisposition to T2DM is very scarce.

To the best of our knowledge this is the first Indian 
study reporting observations with regards to heritability 
of CIMT. Our results show that healthy, young offspring 
of parents with T2DM have significantly increased 
CIMT compared with the offspring of non-diabetic 
parents (Table 2). Statistical significance is retained 
even after adjustment for a range of confounders, 
suggesting an independent association between CIMT 
and family history of diabetes (Table 4 & 5). Thickness 
of the intima-media complex in large vessels is the 
first evidence of atherosclerosis at subclinical stage. 
A closer look at the chronology of atherosclerosis- the 
first to set in is endothelial dysfunction, followed by 
increase in intima-media thickness. Thus an increased 
CIMT in our study suggest the possibility of accelerated 
atherosclerosis at subclinical stage and these individuals 
though apparently healthy are at greater risk of CAD 
compared to controls. Pannacciulli et al15 demonstrated 
higher CIMT in young normal, overweight and obese 
glucose tolerant offsprings of T2DM patients compared 
with control subjects. Balletshofer et al16 established 
association between endothelial dysfunction and insulin 
resistance in young normotensive offsprings of diabetic 
subjects independent cardiovascular risk factors. The 
mechanism behind a raised CIMT in healthy offspring 
is still unclear. As mentioned earlier endothelial 
dysfunction plays a central role in the development 
of atherosclerosis- a disturbed endothelium dependent 
vasodilation is regarded as an early marker in the 
development of vascular disease and this occurs even 
before hyperglycemia becomes evident17. These vascular 
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derangements are believed to ensue at an early and 
faster pace in individuals with a genetic predisposition 
explaining the raised CIMT in our study population. 
The reason for such vascular derangements in people 
with family history of diabetes is still a topic of debate, 
however few studies point towards a link between 
decreased endothelium released nitric oxide production 
in susceptible population18, 19. Thus genetics along with 
the interplay of environmental factors, urbanization 
and detrimental lifestyle poses a higher risk of CAD 
for such individuals.  Our study has some limitations; 
we were not able to match the cases and controls, as 
it was extremely difficult to recruit control subjects 
having either parents or relatives up to third generation 
without history of T2DM. Also, we only quantified the 
anatomical abnormalities of the vessel wall and did not 
assess the functional characters of the blood vessel. 

Table: 1 Anthropometric & clinical characteristics 
of (FH+) and (FH-) subjects

Parameters Positive family 
history (FH+)

Negative family 
history (FH-)

Mean age(yrs) 22.57 ± 0.52 23.64 ± 0.96

Male (%) 42/69 – 60.9 15/34 – 44.1

Mean Weight (kgs) 62.75 ± 1.38 60.42 ± 1.63

Mean Height (cms) 165.71 ± 1.20 165.33 ± 1.81

Mean BMI (kg/m2) 22.80 ± 0.40 22.08 ± 0.45

Mean SBP (mm Hg) 109.32 ± 1.42 107.88 ± 1.93

Mean DBP (mm Hg) 72.59 ± 1.04 72.48 ± 1.62

MAP (mm Hg) 83.66 83

PR/min 74 77

BMI- Body mass index, SBP- Systolic blood 
pressure, DBP- Diastolic blood pressure, MAP- Mean 
arterial pressure, PR- Pulse rate

Table: 2 Ultrasonographic characters of blood vessel in study subjects

Parameters
Positive family history 
(FH+)

Negative family history 
(FH-)

T value P value

CIMT- Right(mm) 0.56 ± 0.01 0.46 ± 0.01 5.814 0.0001*

CIMT- Left(mm) 0.57 ± 0.01 0.47 ± 0.01 6.888 0.0001*

CIMT- Average(mm) 0.56 ± 0.01 0.46 ± 0.01 7.154 0.0001*

Lumen diameter-Right(cm) 0.57 ± 0.00 0.57 ± 0.01 -0.272 0.786

Lumen diameter-Left(cm) 0.57 ± 0.00 0.56 ± 0.01 0.620 0.537

Lumen diameter-Average(cm) 0.57 ± 0.00 0.57 ± 0.01 0.197 0.844

CIMT- Carotid artery intima media thickness , *- Statistically significant

Table: 3 Biochemical profile of study subjects

Parameters
Positive family history 
(FH+)

Negative family history (FH-) T value P value

FBS(mg/dl) 83.35 ± 1.07 80.94 ± 1.58 1.281 0.203

TGL(mg/dl) 115.53 ± 3.94 107.03 ± 5.12 1.270 0.207

Total cholesterol(mg/dl) 133.40 ± 4.07 117.21 ± 4.11 2.487 0.015

LDL(mg/dl) 73.92 ± 4.18 53.75 ± 4.31 3.003 0.003

HDL(mg/dl) 36.37 ± 1.13 42.06 ± 1.61 -2.885 0.005

VLDL(mg/dl) 23.11 ± 0.79 21.41 ± 1.02 1.270 0.207

FBS- Fasting blood sugar, TGL- Triglycerides, TC- Total cholesterol, LDL- Low density lipoprotein, HDL- 
High density lipoprotein, VLDL- Very low density lipoprotein
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Table: 4: Simple correlations between the CIMT and metabolic parameters in the study subjects 
(n= 103)

Parameters Average CIMT

Correlation coefficient P value

FBS(mg/dl) 0.267 0.007*

TGL(mg/dl) 0.263 0.008*

Total cholesterol(mg/dl) 0.247 0.013

LDL(mg/dl) 0.221 0.026

HDL(mg/dl) -0.121 0.229

VLDL(mg/dl) 0.263 0.008*

FBS- Fasting blood sugar, TGL- Triglycerides, TC- Total cholesterol, LDL- Low density lipoprotein, HDL- 
High density lipoprotein, VLDL- Very low density lipoprotein, 

*-Statistically significant

Table: 5 Simple correlations between the CIMT and metabolic parameters in (FH+) & (FH-) subjects

Parameters Average CIMT

Positive family history (FH+) Negative family history (FH-)

r value P value r value P value

FBS(mg/dl) 0.223 0.007* 0.238 0.183

TGL(mg/dl) 0.215 0.002* -0.105 0.562

Total cholesterol(mg/dl) 0.196 0.109 -0.232 0.194

LDL(mg/dl) 0.105 0.392 -0.152 0.398

HDL(mg/dl) 0.096 0.434 -0.119 0.511

VLDL(mg/dl) 0.205 0.001* -0.105 0.562

FBS- Fasting blood sugar, TGL- Triglycerides, TC- Total cholesterol, LDL- Low density lipoprotein, HDL- 

High density lipoprotein, VLDL- Very low density 
lipoprotein

*- Statistically significant

CONCLUSION

Healthy, young individuals with family history 
of T2DM have increased CIMT (sub-clinical 
atherosclerosis) compared to family history negative 
controls. Thus these individuals, though apparently 
normal are at greater risk of CAD. Routine screening of 
such individuals with a quick, non-invasive ultrasound 
scan of carotid artery for intima-media thickness will go 
a long way in prolonging survival and improving quality 
of life by detecting and appropriate management of 
subclinical atherosclerosis at early stages. 
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ABSTRACT 

Background & Objectives: Worldwide obesity has more than doubled since 1980. A large number of studies 
have explored the relationship between Body Mass Index (BMI) and mortality. Objective of this study was to 
screen out the overweight and obese category in present students and to evaluate the changing trends in a gap of 
ten years. 

Method: Total participants (17-20 years of age) were divided into two groups of 400 each& were categorized into 
BMI based, normal ,overweight and obese groups.  

Results : In the last four years about 43% students were overweight and obese while ten years ago data showed 
21% students in these categories.

Interpretation & Conclusion: Comparing both the groups , it can be concluded that, a significant increase in 
overweight and obese category of students over a period of ten years is observed.
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 INTRODUCTION

Overweight and obesity i.e abnormal or excessive fat 
accumulation, in childhood, adolescence and adulthood 
is an increasing problem in many countries. Body Mass 
Index (BMI) as defined by World Health Organization 
in fact sheet updated in january, 2015- is a simple index 
of weight for height that is commonly used to classify 
overweight and obesity in adults. Worldwide obesity has 
more than doubled since 1980. A large number of studies 
have explored the relationship between Body Mass 
Index (BMI) and mortality, but in most of the studies, 
height and weight have been measured in adults12. As 
a consequence knowledge is limited about connection 
between obesity in adolesence and later mortality. It 
is known that obesity in adolescence also has other 
negative effects 3,4,5. Adolescent obesity has been shown 
to be associated with early maturation, increased truncal 

deposition of fat 6,7. It has lasting social effects on self 
esteem and body image 5,7,8. Obesity in childhood/
adolescence also seems to be an important predictor of 
adult obesity, although research that includes long-term 
follow-up data is lacking 9,10.

BMI is not a perfect measure of adiposity in 
adolescents, but it has been shown to be a valid measure 
of fatness in adolescent11. In addition, a workshop 
on childhood obesity convened by the International 
Obesity Task Force in 1997 concluded that BMI 
offers a reasonable measure of fatness in children and 
adolescents12. Since height and weight measurements 
are simple and inexpensive to collect and often have 
been a routine part of health examinations, BMI can be 
calculated in many epidemiologic studies. On the basis 
of a proposal from the International Obesity Task Force 
workshop, Cole et al. proposed age- and sex-specific 
cutoff points to define overweight and obesity in 
adolescents. These cutoff points were linked to the adult 
categories for overweight (BMI, 25–30) and obesity 
(BMI >30) and may be used in international comparisons 
of the prevalence of overweight and obesity 13,14.
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   OBJECTIVES

• To screen out the overweight and obese category 
in present students of recent four years (2010-2013)and 
(2001-2004) 

• To evaluate the changing trends in a gap of ten 
years. 

MATERIAL & METHOD

• Present study was conducted on 800 subjects, 
first year medical students ,17-20 years of age of recent 
four years (2010-2013)and four years of (2001-2004).

• Total subjects were divided into two groups of 
400 each. group-1 (2001-2004), group-2 (2010-2013).

• Anthropometric parameters height and weight 
were measured objectively with a calibrated scale.

• BMI or ‘QUETELET - INDEX’ was calculated 
as a ratio of weight (in kilograms)to height (in 
meters)squared.

• BMI= mass(kg)/height(m)2.

BMI PRIME, a simple modification of BMI system 
was derived. It is the ratio of actual BMI to upper limit 
BMI (currently defined at BMI 25).

WHO CATEGORIES OF BMI

Table-1: Observation & Results Percentage of subjects under different categories of Body mass index are 
as shown in table 2.

Weight classification BMI range (kg/m2 )                 BMI PRIME

Underweight <18.5 <0.74

Normal 18.5-24.9 0.74-1.0

Overweight 25.0 – 29.9 1-1.2

Obese >30.0 >1.2

Table-2

Body Mass Index (BMI) Group A Group B

2001 2002 2003 2004 Mean±sd 2010 2011 2012 2013 Mean±sd 

<18.5 : Under weight 13 20 12 14 14.75±3.59 13 15 14 12 13.5±1.29 

18.5-24.9: Normal 62 68 69 58 64.25±5.19 39 45 44 46 43.5±3.11 

25.0-29.9: Over weight 16 5 13 19 13.25±6.02 8 22 29 27 21.5±9.47 

>30 : Obese 9 7 6 9 7.75±1.50 40 18 13 15 21.5±12.5 

DISCUSSION AND CONCLUSION

• Comparing  groups A & B inTable-2 ,it can 
be concluded that there is a significant increase in 
overweight and obese category of students over a period 
of ten years.

• In the last four years about 43% students are 
overweight and obese while ten years ago data shows 
21% students in these categories.

• BMI PRIME was derived individually to make 
them aware by what percentage their weight deviated 

from their upper weight limits. 

• Nutritional problem in India is gradually 
shifting from undernourishment to obesity 15. It is 
a condition, which has evolved with the advent of 
civilization, sedentary life style and high calorie diet 
16. Obesity is one of the causative factors for multiple 
co-morbid conditions leading to metabolic and cardiac 
disorders 17. Growing number of evidences indicate 
association of obesity and sudden cardiac deaths 18,19.

• Students have been motivated to follow lifestyle 
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management to take care of their weight problem taking 
into consideration the various health issues associated 
and risk of developing a number of diseases. 
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ABSTRACT

Aims and Objectives:- To establish numerical norms of cardio-respiratory functions and collect substantial 
amount of data relating to physical fitness in elderly peoples. The spirometer consists of a vessel placed inverted 
like a bell in jacket of water. A wide air passage through the Centre of the jacket communicates with the bell. The 
other end of the passage is connected through a corrugated impervious tubing to a mouth piece; when the subject 
breaths out through it, the expired air lifts the bell. A counter weight attached to a wire over a pully, balances the 
weight of the bell, and a pointer records the volume contained in the spirometer. The scale is marked on a wheel 
fixed over the pully.

Method:- The present study “The Cardiorespiratory Function Tests” was conducted on a randomly selected 110 
apparently healthy subjects of 60 years and above age group belonging to both the sexes at Agra. The survey was 
conducted under the joint auspices of Department of Physiology and Department of Cardiology, S.N. Medical 
College, Agra.

Result:- In elderly man  (60+) mean the average vital capacity (V.C) was 2334.3 ± 370.3 ml and in elderly women 
(60+) 2206.2 ± 297.5 ml.

Conclusion:- The  prediction equations have been developed for spirometry variables in elderly group of Indian 
origin using the current ATS/ERS spirometry standardisation recommendations. The equations suggest an 
improvement in the lung health of the population over time in the middle-aged and the elderly. These equations 
should address a long-felt unmet need and enable a more appropriate evaluation of spirometry data in different 
chest diseases in Indian subjects. It can be applied clinically for improving balance in elderly population.

Keyword:-  Spirometer, Male & Female, elderly population, Indian. 

INTRODUCTION

Spirometry is a highly informative and by far the 
most commonly performed investigation to evaluate 
pulmonary function in patients with chest diseases. The 
technical aspects of equipment and test performance 
require a very meticulous attention to quality control 
and these have been well-standardised and revised 
from time-to-time. The most recent recommendations 
on standardisation were jointly formulated by the task 
force of the American Thoracic Society (ATS) and 
the European Respiratory Society (ERS) in 20051. A 
few studies from different parts of India have reported 
prediction equations for spirometry over the last few 
decades.

6-9,12-14 These studies have varied in study 
population, sample size, instrumentation and statistical 
techniques used and may no longer be useful as these 
were carried out with equipment and measurement 
protocols that have since changed. Their current utility 
and validity are further questionable considering the 
evidence of a cohort effect that shows improvement in 
the lung health of a population over a long-term2,3,4,5.

Thus, there is clearly an urgent need to develop these 
equations afresh for different regions of the country 
using current standardisation protocols recommended 
by the ATS-ERS6,7.

Lack of locally relevant and valid prediction 
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equations is a widely felt unmet need in the field of 
pulmonary medicine in India hampering interpretation 
of data and patient management1.

Therefore, we carried out a study to develop and 
validate prediction equations for spirometry in adults 
of north Indian origin. This was part of a larger multi-
centric exercise supported by the Indian Council of 
Medical Research to develop prediction equations for 
lung function parameters for different regions of the 
country. Spirometry was carried out according to the 
2005 recommendations of the ATS-ERS1.

A non-heated Fleisch Pneumotach Spirometer 
(KOKO, nSpire, UK) was used with a filter and a re-
usable sterile mouthpiece with side flanges to avoid 
any leakage. The spirometer was calibrated daily 
using a 1-L syringe according to the manufacturer’s 
recommendations. The breathing procedure was 
explained and a demonstration of the test was given. 
In addition, the next subject to be tested was asked to 
sit nearby and watch. The manoeuvers were performed 
in the sitting position with a nose-clip applied. Tight 
clothing around the neck was loosened1.

The role of ventilation in maintaining life was 
demonstrated by Vesalius (1514 - 1564)8 who was able 
to restore the activity of the heart in an apnoeic dog 
by insufflating air into trachea through a Reed. Hook 
(1635 - 1703)9 subsequently showed that the essential 
factor is the supply of fresh air which he allowed to 
escape through puncture holes in the pleura after the 
lung had been exposed.  Boyle (1627 - 1691)10 and, to 
lesser extent, Mayow (1643 -1679)11 demonstrated that 
the constituent of air which supports combustion also 
supports life.  Lower (1631 -R71691)12 further showed 
that the uptake of air in the lung causes the blood to 
change colour. These discoveries laid the foundation for 
subsequent studies of gas exchange but their importance 
was not immediately apparent.

The shape of the population pyramid is gradually 
changing from a wide base/ narrow top, to a barrel-
shaped form. People older than 60 years, constitutes 
one of the fastest-growing population segment with 
increase in the number of the older-old (persons above 
80 years)13. 

In applied Physiology first time in 167914 the stroke 
output of the lung was measured and was used as a test 
of lung function in 1846. Borelli (1679)14 measured the 

volume of air which a man can inhale during a single 
deep breath, subsequent work established that this 
value in an average adult is about 3.3 - 4.9 litre). Davy 
(1800)15 was the first who measured the residual volume 
by a gas dilution method. Thackrah (1831)16 showed the 
volume of air which a person can inhale during a single 
deep breath is less in women than in men. Hutchinson 
(1846) defined the vital capacity as the “greatest 
voluntary expiration following the deepest inspiration” 
and designed a spirometer for its estimation. He showed 
that vital capacity is related to the height that for every 
inch of height (from 5 ft. to 6 ft) eight additional cms 
inches of air at 60oF are given out by forced expiration. 
He further showed that the vital capacity decreases with 
age, excess weight and lung disease.

Danders (1849)17 demonstrated the role of elastic 
recoil of the lungs causing expiration, was the first to 
measure the retractive force. The work was extended 
by Cloetta (1913)18. Peabody (1915)19 gave an idea of 
the relationship of vital capacity to breathlessness. The 
term Forced Vital Capacity was used first time by Strohl 
(1919)20. Roher (1915)21 tried to explain the relationship 
between the force exerted by the respiratory muscles 
and the rate of air flow on the basis of Newton’s law. 
This work was further extended by Neergaard and 
Wirz (1927) using the pneumatochrograph of Fleisch. 
Neergaard in the same year (1927) also demonstrated 
the role of surface forces in the lung by comparing the 
relationship of lung volume to retractive force when the 
air in the lung was replaced by water.

Jansen, Knipping and Stromberger (1932)22

calculated the equivalent minute volume froo kyaograph 
records of a forced vital capacity and introduced the 
term maximal breathing capacity as one of the lung 
function test. The measurement of maximal breathing 
capacity was made first time in 1933 by Hermannsen. 
Christie (1934) demonstrated the role of change in lung 
distensibility in causing breathlessness.

MATERIAL AND METHOD

The present study “The Cardiorespiratory Function 
Tests” was conducted on a randomly selected 110 
apparently healthy subjects of 60 years and above age 
group belonging to both the sexes at Agra. The survey 
v/as conducted under the joint auspices of Department 
of Physiology and Department of Cardiology, S.N. 
Medical College, Agra.
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The following Cardiorespiratory function tests were 
carried out on these subjects

1. Vital Capacity in ml.

The survey was conducted at Sheesh Mahal Teela, 
Taj Garden, Motilal Nehru Garden and Company Garden 
in Agra. Before assessment of various cardiorespiratory 
function tests a careful record of age, sex. 

Those subjects on whom any suspicion of 
cardiorespiratory pathology was suspected, or were 
on any antihypertensive medicine, of any chronic 
respiratory disease, were not included in the survey 
study.

A demonstration of technique of the use of 
instruments was displayed to the subjects and before 
they were given the instrument to be handled, all of 
them were properly apprised of in s and outs of these 
instruments and of their use. Furthermore, they were 
explained quite at length about desired precautions to 
be observed under the process of recording of these 
parameters in order to avoid any mistake.

Methods for Recording:

(1) Vital Capacity : It is defined as maximum 
volume of air that a person can forcefully expire 
with maximum expiratory efforts after taking deepest 
possible inspira tion. It is expressed in terms of litres.

Procedure :

The instrument used was Spirometer. Before 
starting the test, procedure was well demonstrated to 
the subject. The pointer was adjusted to zero level. The 
subject was asked to take the mouth piece in the grip 
of his mouth. Now the subject was instructed to take a 
deepest possible inspiration in order to fill the lungs with 
air to the maximum extent. The nose was closed with 
nose clip and then exhaled out the air with maximum 
expiratory efforts through mouth piece. Three readings 
were taken at the interval of five minutes. Highest of 
three was taken as final reading for the study.

Precautions:-

The following precautions were taken to obtain the 
best results:-

(i) The subject was explained the detailed 
procedure. 

(ii) The subject was taken in full confidence before 
starting the test,

(iii) The spiroaseter was thoroughly checked for any 
zero error, 

(iv) Measures were taken to avoid any leaks through 
nose or from around the mouth piece.

(v) Resistance and inertia of the instrument should 
be minimum. The air passage should be wide (more than 
3.2 cm).

Before taking reading the subjects were given 
preliminary training/practice attempts to attain the best 
of their ability.

OBSERVATIONS

In the present study “Assessment of Cardio-
respiratory function tests in Indian Population of 60 
years and above Age Group”, 110 subjects belonging 
to different both sexes were studied. Out of these 110 
subjects, 84 were male and 26 female. The details of 
these findings in different sexes are shown in Tables 
no. 1.

Ageing is a progressive failure of body’s homeostatic 
adaptive response resulting in increased vulnerability to 
environmental stress and disease. The physiological 
sign of ageing are gradual deterio ration in function and 
capacity to respond to environmental stress. Ageing is 
a general physio logical on-going process and despite 
intensive research the mechanisms of ageing are still to 
be explored. Even though the mechanism of ageing will 
probably be attributed to a number of different regulatory 
mechanisms; such as cellular or molecular function, the 
study of system-integration should remain an important 
topic in the scientific investigation of ageing (Shock, 
1977)23. The performance of most human physiological 
functioning is dependent on the co-ordinated efforts of 
several organ systems.

Shock (1979)23 demonstrated greater ageing 
decrements in the performance of integration system 
than in the separate variables themselves. One of the 
most rapidly declining and perhaps most devastating 
decrement in ageing is the declining functional ability of 
cardiorespiratory system.

The present study of evaluation of cardio-respiratory 
functional ability in elderly group was conducted with 
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the objective to determine the effect of two group 
on these functional abilities and also to compare and 
observed. we are studied in relation in both the sexes.

In elderly man (60+) mean the average vital capacity 
(V.C) was 2334.3 ± 370.3 ml and in elderly women (60+) 
2206.2 ± 297.5 ml. The vital capacity shows a declining 
pattern with age in all age groups in men as well as in 
women and the relationship is statistically significant in 
both the sexes (p < 0.01 in men as well as in women).

Table - 1: Comparative evaluation of vital 
capacity of total number of male and female subjects 
studied (n= 110)

Sex No. of Cases
Vital Capacity in ml

Mean S.D.

Male 84 2334.30 ± 370. 30

Female 26 2206.20 ± 297.50

t = 7.1103                        P < 0.01

CONCLUSION

The  prediction equations have been developed for 
spirometry variables in elderly group of Indian origin 
using the current ATS/ERS spirometry standardisation 
recommendations. The equations suggest an 
improvement in the lung health of the population over 
time in the middle-aged and the elderly. These equations 
should address a long-felt unmet need and enable a more 
appropriate evaluation of spirometry data in different 
chest diseases in Indian subjects. It can be applied 
clinically for improving balance in elderly population.
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ABSTRACT

Aim- Aim- aim of our study was to see the effect of aerobic exercise training on body composition. Objectives-
effect of aerobic exercise on skinfold thickness and % of body fat. Material and method- students between the 
ages 18 to 25 years under went treadmill aerobic exercise training for a period of 60 days (three days per week). 
Their biceps, triceps, calf skin folds, waist circumference, hip circumference all were recorded every 15 days and 
one month after detraining. Statistical analysis- repeated measures ANOVA of different parameters at different 
time interval during the exercise-training period with Bonferroni correction was used. Results-. There was a 
significant difference (p<0.0001) in the parameters like, Biceps, triceps and Calfskin fold over a period of exercise 
training of two months. % of body fat and BMI were decreased but not statistically significant. Conclusion- From 
our study we conclude that aerobic exercise training has a positive effect on body composition by reducing the 
skinfold thickness and also % of fat and BMI, possibly reducing the risk factors for cardiovascular diseases. 
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INTRODUCTION

Excess body fat produces severe adverse 
consequences on health, such as high blood pressure 
and changes in lipid profile constituents, including 
total cholesteroll, in adolescents. One possible way of 
avoiding these health risks is prevention of overweight 
and obesity. This can be avoided by changing the life 
style like sedentary life, food habits2. Previous studies 
have shown that aerobic exercise-based interventions 
promote positive changes in the body composition of 
adolescents, such as reductions in body mass index 
(BMI) and body fat percentage (BF%)3. There are 
numerous techniques that are used to assess body 
composition. Estimates of body composition based upon 
simple straight- forward anthropometric measurements 
have been available for many years. The majority of 
these methods rely on the ability of measurements of 
subcutaneous fat folds or skin- folds at selected sites to 

predict accurately total body fatness4. Skin fold thickness 
is very easy and simple method of estimating the body 
composition specially in children, and also there are 
many equations available for estimating the body 
fat5. Study done by sarria et al6, showed that Skinfold 
thickness measurements are better predictors of body 
fat percentage than body mass index. Regular aerobic 
exercise training can reduce the body fat and skinfold 
measurement and also improves the cardiovascular 
fitness7. Different studies used different aerobic exercise 
to see the effect of exercise on body fat composition 
and skinfold thickness like electromagnetically braked 
ERGO-FIT® brand cycle ergometer8, treadmill9 and 
Aerobic exercise program consists of two protocols with 
different intensity of the stretching and movement10. 
Aim of our study was effect of aerobic exercise training 
on body composition measured by using skin fold 
thickness and calculation of % of body fat.

OBJECTIVES

1. Effect of aerobic exercise training on body 
composition measured by using skin fold thickness,

2.  Calculation of % of body fat.
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METHODOLOGY

Male subjects in the age group of 18-25 years 
were recruited from the student and staff population 
of St Johns medical college and hospital Bangalore. 
A brief history, general and systemic examination was 
performed and healthy subjects were recruited based 
on the inclusion and exclusion criteria. To the Subjects 
detailed description of protocol was explained. Subjects 
were asked to come early morning in the post absorptive 
state written informed consent was obtained from the 
subjects.

Inclusion criteria: Males in the age group of 18-25 
years, Normal BMI(18.5-24.9 kg/m2), fasting over night 
before the day of recording ,not regularly involved in 
extreme physical activity.

Exclusion criteria: Diabetes mellitus, Hypertension, 
Cardiovascular diseases, Any other chronic diseases, 
Smokers, Athletes

PROCEDURE

Students were asked to come to the department of 
Physiology early morning between 7-8 AM, after an 
overnight fast. The subjects were explained in detail 
about the procedure. Recording was done in a quite 
room. Subject’s height, weight, triceps, biceps and calf 
skin folds were measured. Then the subjects underwent 
moderate intensity aerobic exercise training for half an 
hour thrice weekly 8,10, alternate day over a period of 8 
weeks. Bruce 3rd grade of Treadmill exercise (Treadmill rd grade of Treadmill exercise (Treadmill rd

speed of 4.8 kph and inclination of 10 degree) was 
adopted. This 3rdGrade of exercise corresponded to 55% 
to 69% of Target heart rate (THR), which represents the 
moderate degree exercise; the detail explanation of this 
is mentioned in the Treadmill exercise protocol below. 
All the Anthropometric parameters were taken once 
every 15 days. After 1 month of detraining again one 
more measurement was taken.

Treadmill exercise training procedure:

A constant speed 4.8 kph and an inclination of 10 
degrees were maintained for all the subjects. 

Continuous monitoring of Heart rate was done 
during the treadmill exercise with the help of an 
instrument called Wellshallyn. Subjects were made to 
do moderate degree exercise, which they achieved by 
walking on the treadmill with 4.8 Kph as speed and 10 

degrees of inclination. The moderate degree exercise was 
based on their heart rate what they achieved during the 
exercise which was between 107 beats/min to 139 beats/
min. This range of heart rate we calculated because the 
moderate degree exercise is considered when heart rate 
is between 55% to 69% of maximum heart rate 11.

The age of the subject being between 18 to 25 
years. Maximum heart rate (MHR) was calculated by 
MHR=220 - Age of the person

For example 220-18=202 is the MHR For example 
220-25=195 is the MHR

During the half an hour period of moderate exercise 
the HR was monitored and was between 107 to 139 
beats/min.

Body weight and height measurements

Weight was measured using digital scale (OEHNLE- 
WAAGEN GmbH & CO, Murrhardt, Germany) and 
height was measured to the nearest 0.1 cm using 
stadiometer ( Holtain limited, CRYMYCH, DYFED, 
Made in Britain).

Skin fold measurement

Triceps Skin fold

Triceps skin fold is measured in the midline of 
the posterior aspect of arm, over the triceps muscle at 
a point midway between the lateral projection of the 
acromion process of the scapula and the inferior margin 
of the olecranon process of the ulna. The measurement 
ids determined by measuring the distance between the 
lateral projection of the acromion process of the scapula 
and the inferior margin of the olecranon process of the 
ulna using a tape measure with the elbow flexed to 90 
degree. The mid point of these two is marked on the 
lateral side of the arm. The skin fold is measured with 
the arm hanging loosely and comfortably at the subjects 
side .The skin fold is picked up by the left thumb and 
index finger.

Biceps Skin fold

Biceps skin fold thickness is measured as the 
thickness of a vertical fold of raised on the anterior 
aspect of the arm, aver the belly of the biceps muscle. 
The skin fold is raised 1 cm superior to the line marked 
for the measurement of triceps skin fold thickness and 
arm circumference, on a vertical line joining the anterior 
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border of the acromion and the centre of the anti cubital 
fossa. The subject stands, facing the measurer with the 
upper extremity relaxed at the side.

Calf skin fold

For the measurement of the medial calf skin 
fold the subject sits with the knee on the side to be 
measured flexed to about 90 degree, with the sole of 
the corresponding foot on the floor. The level of the 
maximum calf circumference is marked on the medial 
aspect of the calf. The measurer raises the skin fold 
parallel to the long axis of the calf on its medial aspect, 
when viewed from the front, at a level slightly proximal 
to the marked site. The thickness of the fold is measured 
at the marked level to the nearest 0.1 cm. calf, hip and 
waist circumference were also measured using standard 
technique 12.

Percentage body fat (% BF) was calculated by 
using formula-

% BF = 42.42 + 0.003 × age (years) + 7.04 × gender 
(M = 1, F = 2) + 0.42 × triceps skinfold (mm) + 0.29 × 
waist circumference (cm) +0.22 × weight (kg) − 0.42 × 
height (cm) 13.

RESULTS

Table 1: Subject characteristics of the 18 normal 
healthy young adults between the age 18 to 25 years

Variables Mean SD

Age 20.44 ± 2.24

Height (meters) 1.70 ± 0.06

Weight (kgs) 61.49 ± 7.99

BMI 21.65 ± 2.22

SBP( mm Hg) 115.77 ± 4.46

DBP (mm Hg) 74.77 ± 5.16

HR (beats/min) 78.44 ± 4.79

Waist circumference (cm) 72.78 ± 6.80

Hip circumference (cm) 88.12 ± 21.42

Calf circumference (cm) 33.36 ± 2.28

Triceps skin fold (mm) 13.26 ± 3.80

Biceps skin fold (mm) 7.47 ± 2.72

Calf skin fold (mm) 11.67 ± 3.84

Table 2: Repeated measures ANOVA of different parameters at different time Interval during the exercise 
training period including detraining period.

Variables Baseline 15 days 30 days 45 days 60 days 1month P

Detraining Value

Biceps 7.47(2.72) 6.76(2.33) 6.29(2.20) 5.95(2.11) 5.70(2.04) 6.62(2.42) 0. 0001

Triceps 13.26(3.92) 12.59(3.85) 11.69(3.65) 10.84(3.52) 10.29(3.57) 12.00(3.76) 0. 0001

Calf 11.67(3.84) 11.35(3.85) 10.95(3.90) 1046(3.94) 10.17(3.86) 11.19(3.92) 0. 0001

- Values are Mean (S.D)

Repeated measures ANOVA was done for different parameter measured during the exercise training period, 
There was a significant difference (p<0.0001) in the parameters like, Biceps, triceps and Calf skin fold over a period 
of exercise training of two months.

Table 3: Repeated measures ANOVA of different parameters at different time interval during the exercise 
training period excluding detraining period with Bonferroni correction

Variables Baseline 15 days 30 days 45 days 60 days P value

Biceps1 7.47(2.72) 6.76(2.33) 6.29(2.20) 5.95(2.11) 5.70(2.04) 0. 0001

Triceps1 13.26(3.92) 12.59(3.85) 11.69(3.65) 10.84(3.52) 10.29(3.57) 0. 0001

Calf1,2Calf1,2Calf 11.67(3.84) 11.35(3.85) 10.95(3.90) 1046(3.94) 10.17(3.86) 0. 0001
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-Values are Mean (S.D

1 significant difference across 5 group using an 
ANOVA of repeated measures (p<0.05)

2 significantly different between the group’s 
using a post-hoc Bonferroni-corrected pair-wise t-test

Figure 1: Repeated measures ANOVA of % fat

Repeated measures ANOVA of % fat was done to 
see the change in the % fat over a period of exercise 
training of two months, there is a change in the % fat 
over a period of two months exercise, but was not 
significant.

There is a decrease in the BMI over a period of 2 
months of exercise but not significant.

DISCUSSION

According to our results as shown in table 2 and 3 
we can see the significant (P<0.001) decrease in all the 
skin folds (triceps, biceps and calf folds) over a period 
of 60 days and also 1 month detraining effect where 
it showed significant increase in skin fold again. Our 
results were same as that of previous studies14, there 
was significant decrease in all folds with all grades of 
exercise, except triceps where it was seen only with high 
amount vigorous intensity exercise. Study was done 
in undergraduates to see the effect of physical activity 
and inactivity on their BMI and different parameters of 
anthropometry. A higher fat mass Percentage was found 
in sedentary students compared with more Active ones 
15, by using Electromagnetically braked ERGO-FIT® 
brand cycle ergometer, physical exercise program 
showed decreased triceps skinfold thickness8, Aerobic 
exercise program consists of two protocols with different 

intensity of the stretching and movement 10.

This demonstrates that physical exercise can indeed 
promote positive changes in body composition even if 
no caloric restrictions are implemented 8.

According to the previous researches, aerobic 
exercise reduces fat mass and decreased body weight 
that followed. 4 weeks for VO2 max, 6 weeks and 8 
weeks for body weight and BMI, body fat mass, and 
to change HDL levels in blood 16. Regular exercise 
may be a gradual reduction of TG (triglycerol), TC( 
total cholesterol), LDL, BMI, body mass, body fat and 
increase HDL17. 

Aerobic exercise and physical activity significantly 
reduces body fat content for the treatment of heart 
disease, it is very important in cardiovascular exercise 
(aerobics) compared to other training. Since exercises 
are aerobic in nature are more effective in reducing body 
fat percentage18. Aerobic exercise increases skeletal 
muscle specific lipoprotein lipase activity, which 
actually has role in oxidation of fat and anti obesity 
effect, and also increase in capillary density, use of fatty 
acids may increase the blood levels of HDL19. 

In our study we did repeat measurement of skin folds 
after 1 month of detraining, where it was seen that the 
skin fold has started increasing significantly ( P<.0001). 
% fat was calculated to see the change in the % fat over 
a period of exercise training of two months. There was 
a change in the % fat and BMI over a period of two 
months exercise, but was not statistically significant.

Thus, we feel exercise for a longer duration could 
perhaps be required for a significant reduction in body 
fat mass20.

CONCLUSION

From our study we conclude that aerobic exercise 
training has a positive effect on body composition 
by reducing the skinfold thickness and also % of 
fat and BMI, possibly reducing the risk factors for 
cardiovascular diseases. 
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ABSTRACT

Background: Diabetic neuropathy (DN) is one of the most commonly occurring microvascular complications 
accounting for 28% of all the complications in diabetics 3.It is a progressive process that has a long asymptomatic 
stage  

Aims &Objectives: The present study was planned to   evaluate   the   Sural   nerve conduction studies in type 2   
diabetic subjects for early detection and quantification of peripheral neuropathy.

Material  &  Method:  Study  was  done  in  Gandhi  Medical  College,  Bhopal  and The study was approved by 
the ethical committee of Gandhi Medical College. 40 Type 2 DM patients with clinically undetectable Peripheral 
Neuropathy and 40 age matched controls were selected for the study based on the inclusion and exclusion criteria 
and consent to participate in the study. For the nerve conduction study test , RMS EMG EP Mark II was used. 

Results: Showed significant (p<0.05) increase of Distal latency and decrease of Conduction Velocity and 
Amplitude  in sural nerve except conduction velocity of Right Sural nerve of the clinically undetectable peripheral 
neuropathy group as compared to control group.

Conclusion: Nerve conduction studies can diagnose Diabetic Neuropathy  at  a very  early  stage even  before  
symptoms  &  signs  set  in. Thus  nerve  conduction velocity can be used  as non-invasive method to assess early  
asymptomatic diabetic neuropathy in diabetic patients. 

Keywords: Type 2 Diabetes Mellitus, Diabetic neuropathy, Nerve conduction study, Sural nerve.

INTRODUCTION

As the world shifts from a high prevalence of 
infectious diseases to chronic diseases, type 2 diabetes 
mellitus (T2DM) is becoming a major international 
health concern. India, in particular, is poised to become 
the world’s leader in the prevalence of T2DM, and it 
already has a larger number of people with diabetes than 
any other country in the world.1 

Diabetes mellitus (DM) is a group of metabolic 
disorders characterized by a chronic hyperglycemic 
condition resulting from defects in insulin secretion, 
insulin action or both. Permanent neonatal diabetes 
is caused by glucokinase deficiency, and is an inborn 
error of the glucose-insulin signaling pathway. The two 
broad categories of DM are designated type 1 and type 

2. Type 1 diabetes is the result of complete or near-total 
insulin deficiency. Type 2 DM is a heterogeneous group 
of disorders characterised by variable degrees of insulin 
resistance, impaired insulin secretion, and increased 
glucose production. 2 

Diabetic neuropathy (DN) is one of the most 
commonly occurring microvascular complications 
accounting for 28% of all the complications in diabetics3. 
It is a progressive process that has a long asymptomatic 
stage 4. 

It is important to identify neuropathy in the 
asymptomatic stages as the disease process progresses 
to the diabetic foot, a highly morbid condition that arises 
from the infection and the ulceration of the foot, finally 
leading to amputation 5. It is estimated that 35% to 45% 
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of Type 2 diabetic patients have diabetic polyneuropathy 
(DPN). Advanced DPN causes serious complications, 
such as diabetic foot ulcers, gangrene, and Charcot 
joint, all of which worsen the quality of life in diabetic 
patients.6

Therefore, early detection of nerve dysfunctions is 
important to provide appropriate care for patients with 
DPN.

The diagnosis of diabetic peripheral neuropathy 
is mainly based on the characteristic symptoms.7 But 
symptoms usually develop at any degree of neuropathic 
impairment or may not develop at all. This indicates the 
need for doing nerve conduction studies (NCS).8

It is reported that poor glycaemic control is 
responsible for microvascular complications.9 Glycated 
haemoglobin (HbA1c) has not only been established as a 
marker of glycaemic control but it also indicates the risk 
of developing small vessel complications.10

Electro diagnostic tests can be used to detect diabetic 
neuropathy at an early stage (before development of the 
signs or symptoms of neuropathy).11 Electrophysiological 
studies are more sensitive than clinical examinations as 
clinical examinations fail to offer quantitative results. It 
has been established that electrodiagnostic assessments 
are sensitive, specific and reproducible measures of the 
presence and severity of peripheral neuropathy and they 
also correlate with the morphological findings of nerve 
biopsy and thus define quantitative nerve dysfunction.12

Many authors have reported distal symmetric 
polyneuropathy in patients with type 2 diabetes mellitus 
(Chandrashekhar A ,Amanda J, Kakrani AL ,Kong 
X).13,14

In Type 2 diabetic patients decreased Nerve 
Conduction Velocity (NCV) is probably one of the 
earliest neuropathic abnormalities and is often present 
even at diagnosis. 15

Demyelination and axonal loss of sural nerve was 
reported by Kong X et al (2008). 14

It  is  well  known  that  neuropathy  has  a  
metabolic  component in its pathophysiology.16 Hence 
early metabolic aberrations as seen in impaired glucose 
tolerance (IGT) may also lead to changes in the nerve 
conduction. Studies in the Caucasian population have 
shown that IGT is associated with dysfunction in 

peripheral nerves. 17

Most  of  the  nerve dysfunctions  begin  in  the  
sensory  nerves  of  the lower  extremities.  Thus  this  
study  was  planned  to measure  the  sensory  function  in  
the  lower  limb nerves by electrical stimulation in type 2 
diabetics and for this Sural nerve was selected because it 
provides the highest   diagnostic   sensitivity.

With this background the present study was planned 
to   evaluate the   Sural   nerve conduction studies   in type 
2 diabetic subjects for early detection and quantification 
of peripheral neuropathy.

METHODOLOGY

The present study was conducted in the Department 
of Physiology, Gandhi Medical College, Bhopal in 
collaboration with the Department of Medicine, Gandhi 
Medical College, Bhopal. The study was approved by 
the ethical committee of Gandhi Medical College. The 
biochemical investigations were done in post graduate 
Biochemistry laboratory of Department of Physiology. 

• Study design- Case control study

MATERIAL

40 Type 2 DM patients with clinically undetectable 
Peripheral Neuropathy were selected for the study based 
on the inclusion and exclusion criteria and consent to 
participate in the study.

The subjects were introduced Michigan (MNSI) 
324 questionnaire and Michigan examination for the 
screening of the peripheral neuropathy.

STUDY GROUP

• Inclusion criteria

1. Age 30-60 years.

2. Diagnosed cases of Type 2 diabetes mellitus 
with fasting plasma glucose (FPG) ≥ 126 mg/dl 
or 2 hrs postprandial glucose value (PPPG) ≥ 200 
mg/dl. (ADA criteria 2015)

3. No known endocrinal and metabolic disorders 
other than diabetes.

4. Subjects not undergoing any kind of medical 
treatment with neurotoxic drugs.

5. Resting blood pressure not in hypertensive 
range (SBP ≥140mmHg, DBP≥90mmHg).
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• Exclusion criteria

1. Age less than 30 years and more than 60 years.

2. Patient undergoing any drug therapy that may 
result in neuropathies as adverse effect.

3. History of peripheral neuropathies or nerve 
compression due to trauma or any other medical 
ailment.

4. Patients with other causes of neuropathy such 
as alcoholism, liver or renal disease, toxic exposure, 
other endocrine, metabolic or nutritional disorders, 
inflammatory diseases.

5. Patients not willing to participate.

CONTROL GROUP

Age & sex matched, 40 healthy non diabetic 
volunteers in the age range 30-60 served as controls.

• Inclusion criteria

1. Healthy, asymptomatic non diabetic subjects, 
aged 30-60 years.

2. Fasting plasma glucose <100mg/dl or 2 hrs 
postprandial glucose value (PPPG)  < 140 mg/
dl.

3. No diagnosed neuropathies.

4. Resting blood pressure not in hypertensive 
range (SBP ≥140mmHg, DBP≥90mmHg).

5. No known endocrinal, metabolic, renal or 
cardiovascular disorder.

Exclusion Criteria 

1. Age less than 30 years and more than 60 years.

2. Subjects taking neurotoxic drugs.

3. Resting blood pressure in hypertensive range 
(SBP ≥140mmHg, DBP≥90mmHg).

4. Subjects not willing to participate.

2- EQUIPMENTS & INSTRUMENTS USED

a- RMS EMG EP MAK II 

General instructions to the patients: 

All the subjects will be briefed and the procedures 
will be demonstrated before carrying out the actual 
procedures.

Subjects will be instructed to-

i. Wear loose fitting clothes.

ii. Avoid chemicals, body oils and lotions over 
limbs.

Sural nerve conduction study

1. Position: This study was performed in the 
supine position.

2. Active electrode (A): Placement was such that 
the active electrode is over the dorsolateral surface of the 
foot at the midpoint of the 5th metatarsal and just lateral 
to extensor digitorum brevis tendon of the 5th toe. The 
reference electrode was distal.   

3. Ground electrode (G): Placement was on the 
dorsum of foot. 

4. Stimulation point (S): The cathode was placed 
12 cm proximal to the active electrode behind the lateral 
malleolus. 

Sural nerve recording

 PARAMETERS RECORDED:

• History of  present and past illness relevant to 
the research protocol

• Family history 

• Personal history

• Drug history

• Complete clinical examination 

• Anthropometric measurements

o Weight (Kg)

o Height (cm)

o Body mass index (Kg/m2)

• Biochemical investigation: Fasting plasma 
glucose and Post Prandial Glucose (GOD-POD method) 
(Semi-Auto Analyzer Merck-300) and HbA1C 

• Nerve conduction study was done using RMS 
EMG EP MAK II. Nerves studied were: Sural nerve 
sensory

Nerve conduction parameters recorded were:

• DL(Distal latency) for sensory nerves 

• Nerve Conduction Velocity for sensory (SNCV) 
nerves.

• Sensory nerve action potential (SNAP) for 
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sensory nerves

STATISTICAL ANALYSIS PLAN 

 All the data were expressed as mean ± SD. The 
significance of difference between parameters recorded 
was calculated using unpaired Student’s t-test for 
comparison between control & clinically undetectable 
Peripheral Neuropathy group. 5% level of significance 
will be considered. Statistical analysis was done using 
SPSS 16.0 (statistical package for social sciences)

RESULT

The mean age of control group and clinically 
undetectable peripheral neuropathy group were 

43.82±8.37years and 39.6±9.1 years respectively (age 
range 30-60 years).

The body mass index was in normal range for the 
whole study population.

The mean values of cardiorespiratory parameters 
measured were in normal range in all the subjects at the 
time of investigations.

Analysis of electrophysiological variables recorded 
showed significant (p<0.05) increase of Distal latency 
and decrease of Conduction Velocity and Amplitude  
in sural nerve except conduction velocity of Right 
Sural nerve of the clinically undetectable peripheral 
neuropathy group as compared to control group. 

Table 1 :  Comparison  of  Sural  Nerve  Conduction  Studies:- Latency (in milliseconds) Amp  (in  
microvolts)  &  CV  (in  m/s),  in Asymptomatic Diabetics and Healthy Controls.

Parameters Variables Diabetic  (Mean±SD) Controls (Mean±SD) p-Value

R-Sural

Latency (ms) 3.25±1.02 2.42±1.04 <0.0006*

Amplitude (µv) 5.84±5.71 11.34±9.82 <0.0030*

Velocity (m/s) 45.08±15.57 48.33±16.86 NS

L-Sural

Latency (ms) 2.79±0.58 2.11±0.83 <0.0001*

Amplitude (µv) 7.69±7.54 14.35±8.85 <0.0005*

Velocity (m/s) 47.47±6.97 59.10±19.15 <0.0005*

*statistically significant, NS-not significant

DISCUSSION

Diabetic neuropathy is the commonest of all 
neuropathies in developing countries. Since, diabetic 
population is increasing, the incidence of diabetic 
neuropathy is also expected to increase in the future.

Subclinical diabetic neuropathy or asymptomatic 
neuropathy has been defined as the presence of the nerve 
lesions associated with diabetes mellitus in the absence 
of abnormal clinical signs and symptoms .373

In study by Balaji Ret al (2015) patients without 
any symptoms of tingling or burning sensations 
had an incidence of 85.7% of neuropathy on NCS 
whereas patients with symptoms had an incidence of 
91.7%, which signifies that patients even without any 
symptoms has a high incidence of neuropathy which  
showed the importance of  NCS for the early diagnosis 
and treatment. 358 In our study neuropathy was detected 
electrophysiologically in all the patients without 

clinically detectable signs and  symptoms like tingling 
or burning sensations .

Diabetes causes DPN by promoting neuronal 
apoptosis and  inhibiting  nerve regeneration,  which  
leads  to  significant  deficits in  tactile  sensitivity,  
vibration  sense,  lower-limb  proprioception,  and 
kinesthesia.380 

Certain  pro-inflammatory  cytokines  including  IL-
6  and  TNF-α  are  also  elevated during  hyperglycemia  
and  are  thought  to  contribute  to  nerve  cell 
damage.381 

The result of present work is in conformity 
with Liu MS et al(2005) who studied clinical and 
neurophysiological features in 700 T2DM patients in 
China. They reported that subclinical Diabetic Peripheral 
neuropathy can be detected by elctrophysiological 
studies.383  
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In Pakistan, Niazi et al (2001) evaluated diabetic 
polyneuropathy by doing  electrodiagnostic  study  on  
fourty-one patients in 2001. It was  suggested  that  these  
studies  are  capable  of  diagnosing diabetic  neuropathy  
even  before  clinical  manifestations. 384 

Various studies states that in diabetic patient the 
sensory nerves are more affected than motor nerves and 
lower limbs are more affected than upper limbs.354, 358 
Kakrani et al(2014) performed nerve conduction study 
on 50 patients  of  diabetic  neuropathy  out  of  which  
all patients i.e. 100% had involvement of lower limb 
and 48% had involvement  of  upper limb. They also 
suggested that involvement of lower limb was more 
common due to length dependent dying back process. 
They also opinioned that nerve conduction studies 
detects neuropathy changes even before signs develop.2

Study by Xuan K(2008) showed that the sural nerve 
had abnormal Distal Latency in 58.3% and SNAP in 
62.7%. Present study too had Axonal neuropathy in 
Sural nerve as compared to demyelinating neuropathy.14

According  to  Asad A et al, (2009) in  all  the  
components, amplitude (axonal neuropathy) is the  
strongest  measure of neuropathic problems, also 
reported by the present study.8 

CONCLUSION

The study concluded that NCS can diagnose Diabetic 
neuropathy at very early stage even before clinical signs 
symptoms set in. Early detection of Diabetic neuropathy 
is essential to decrease morbidity by early initiation of 
potential preventative measures, patient education, and 
effective therapeutic intervention. 

The high reproducibility of nerve conduction studies 
and their close correlation with nerve fiber damage 
make these tests sensitive indicators of the peripheral 
neuropathy.

The observations of the present study confirmed the 
existence of predominantly Axonal sensory peripheral 
neuropathy in the nerves investigated in clinically 
undetectable Peripheral neuropathy patients.

It is also concluded from the study that peripheral 
neuropathy may be present in Type 2 DM patients 
without any clinically detectable signs and symptoms.

It is imperative to perform atleast one annual 

complete neurological examination and nerve 
conduction studies to facilitate early diagnosis of 
peripheral neuropathy.
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ABSTRACT

Background: Music has been suggested as an important component of mood enhancement and may help to make 
the aerobic workout more enjoyable and more beneficial for the individual.

Aim: The aim of the study is to investigate the effect of music on cycling with submaximal performance. 

Materials and Method: Twenty participants of age group between 10-50 years were selected. Both sexes were 
included in this study. They performed cycling in Elliptical - vena -V950 model on two occasions. In the first 
session, the subject performs cycling without hearing music. The subjects were asked to do warm up for 3minutes 
with zero resistance, following this the resistance increased to 2 and the target heart rate maintained as 40% -
60% of maximal heart rate. In the second session, the subject listened music during cycling and follow the same 
procedure as he did in the previous session. At the end of each session the time duration of cycling and distance 
travelled were measured. RPE is measured once in every 5minutes. For measuring RPE Modified Brog’s scale 
is used. Both the sessions were performed in morning before breakfast. The subjects with previous history of 
cardiovascular disease, hearing impairment, lower body deformities, metabolic & pulmonary diseases were 
excluded from the study.  Alcoholic and smokers were also excluded. Informed written consent was obtained 
from the subjects.

Conclusion: This study shows that music improves distance  and duration of cycling and music also causes 
reduction in RPE.

Keywords: Music, Cycling, Rate of perceived exertion (RPE).
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INTRODUCTION

According to American college of sports medicine 
to remain healthy an individual should perform 
moderate intensity aerobic (endurance) physical activity 
for a minimum of 30 minutes for 5 days a week (1). In 
the past few years there has been increase participation 
of people in aerobic activities to promote health and to 
reduce disease suffering. Recently fitness professionals 
realize that for complete benefit it is important not only 
to recruit these participants in recreational programme 
but also to retain them. Music has been suggested as 
an important component of mood enhancement and 
may help to make the repetitive aerobic exercise more 
enjoyable and more beneficial (2,3). Music may aid in 

fostering recall of pleasurable memories and this may 
help to block the unpleasant feelings that could surface 
while workout(4).

During repetitive, endurance-type activities like 
cycling self-selected, motivational and simulative 
music has been shown to enhance affect, reduce ratings 
of perceived exertion, improve energy efficiency and 
lead to increased work output(5,6,). There is evidence 
to suggest that carefully selected music can promote 
ergogenic and psychological benefits during high-
intensity exercise, although it appears to be ineffective 
in reducing perceptions of exertion beyond the anaerobic 
threshold. The effects of music appear to be at their most 
potent when it is used to accompany self-paced exercise 
or in externally valid condition. The rhythm is beneficial 
to our muscles is that it has been proven that the muscles 
of our body will synchronize to the beat of the music. 
This means that the faster the musical rhythm the faster 
is our heart beat or the slower the rhythm the slower is 
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our heart beat. Music acts as a natural motivational tool. 
The right music can be used as a tool to ‘psych up’ in 
preparation for performance (arousal regulation), shift 
attentional focus (association/dissociation), boost self-
efficacy and encourage psychological skills usage (e.g. 
mental imagery). 

 The purpose of this study is to examine the effect 
of fast tempo music on RPE, distance and duration of 
cycling in a bicycle Ergometer.

MATERIALS AND METHOD

Twenty participants of age 10-50years were 
selected. They performed cycling in Elliptical - vena -
V950 on two occasions. In the first session, the subject 
performs cycling without music in a bicycle ergometer at 
a constant speed of 2-4 rpm, initially subject is asked to 
do warm up for 3minutes with zero resistance following 
this the resistance increased to 2 and the target heart rate 
maintained as 40% -60% of maximal heart rate. In the 
second session, the subject listened music and followed 
the same procedure as he did in the previous session. 
The music used in this study is fast tempo music of 
>120beats/min. At the end of each session the duration, 
distance, is measured. RPE is measured once in every 
5minutes.For measuring RPE Modified Brog’s scale 
is used. Both the session, were performed in morning 
before breakfast. The subjects with previous history 
of cardiovascular disease, hearing impairment, lower 
body deformities, metabolic & pulmonary diseases were 

excluded from the study.  Alcoholic and smokers were 
also excluded. Informed written consent was obtained 
from the subjects.

Informed written consent was obtained from the 
subjects.

 Study Design: Prospective study.

Study Period: February 2016- August- 2016 

Study was done in Thanjavur. 

 RESULT

Table 1 compares the distance and duration of 
cycling and also RPE before and after listening music. 
The mean distance covered by cycling before hearing 
music is 0.6260   and the mean distance covered after 
hearing music is0 .7135. The P value (0.003) tells us the 
music produces significant difference in distance covered 
by cycling. The mean duration of cycling calculated 
before hearing music is   9.40 and the mean duration 
of cycling calculated after hearing music is 10.70. P 
value (0.001) shows there is significance difference in 
duration of cycling before and after hearing music. The 
mean RPE calculated before hearing music is 4.45 and 
the mean RPE calculated after hearing music is 4.00. 
The. The P value for RPE at the end of 5 min is 0.001, 
indicating that the music causes significant reduction in 
rate of perceived exertion (RPE). 

TABLE:1 Comparison of parameters of cycling before and after hearing music

S.no Parameters N
MEAN

Difference P value
Before After

1 Distance 20 .6260 .7135 -.08750 .003

2 Duration 20 9.40 10.70 -1.300 .001

3 RPE 20 4.45 4.00 .450 .001

Thus, from the above table it is clear that the music 
increases the distance and duration of cycling. The 
table also shows music reduces the Rate OF perceived 
exertion during cycling.  

DISCUSSION

Recently available evidence shows that music 
captures attention, raises spirits, triggers a range of 
emotions, alters or regulates mood, evokes memories, 

increases work output, heightens arousal, induces 
states of higher functioning, reduces inhibitions and 
encourages rhythmic movement (7,8,9,10)– all purposes that 
have considerable application in the exercise domain. 
Although the mechanism that underpin the benefits of 
music is not clearly understood the scientist devoted 
insufficient attention is responsible for the effects of 
music on exercise (11,12,13). The afferent nervous system 
transmits sensory impulses inwards to the central nervous 
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system. Since the capacity of the afferent nervous 
system is limited (an equivalent concept to internet 
‘bandwidth’), sensory stimuli such as music can impede 
the physiological feedback signals associated with 
physical exertion. In 1961 Hernandez Peon explained 
that pleasurable stimuli promote electrical activity in 
one sensory pathway while inhibiting electrical activity, 
and thus the transmission of information, in another 
sensory pathway(14,15). In our study music decreases 
rate of perceived exertion which is similar to the study 
conducted by Yamashita et al (16) who tested the effects 
of favored music on RPE during cycle ergometer work 
at low and moderate intensities. But in another study 
“music on exercise domain” conducted by Costas 
I.Karageorgis  the music reduced RPE at the low but 
not the moderate exercise intensity. However, Pottiger 
in his study have reported a strong effect at moderate 
exercise intensities (17,18). This study is stressing the fact 
that fast music can increase the distance and duration 
of cycling which is accord to the study conducted by 
J Waterhouse,P Hudson,B Edward in2009 (19) . But in 
another study conducted by Reynolds and Guston 2010 
the faster tempo music has been found by researchers to 
motivate exercisers to work harder when performing at a 
moderate pace, but peak performance has been found to 
be unaffected by listening to music.   

CONCLUSSION

Thus, the present study concludes that fast music 
enhances the distance and duration of cycling along 
with the reduction in rate of perceived exertion. Hence 
listening to music while exercising has been found 
in multiple studies to increase the work rate either 
by causing distraction from fatigue or by motivation. 
Further studies are required to capture the actual cause 
for these beneficial effects of music.  
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ABSTRACT 

Background: Lifestyle diseases are increasing at a tremendous rate, especially in developing countries. Physical 
inactivity has been majorly blamed for the rise in these disorders, due to automation and advancement in the 
technology. Physical activity was a part of our routine lifestyle in the olden days. Physical activity like aerobic 
exercises & yoga have proved to be highly beneficial. Surya-namaskar, a form of yogic practice has been utilised 
to very small extent. Hence, we proposed to compare the effect of surya-namaskar with aerobic exercise in the 
form of spot jogging  on the Cardio vascular & Heart rate variability in young healthy subjects.

Aim: To evaluate the individual effect of spot jogging and surya-namaskar of similar duration on cardiac 
parameters and Heart rate variability of healthy subjects and to compare the effects of spot jogging and surya-
namaskar with each other.

Method: The subjects were randomly divided into Group I-surya-namaskar group (n=20) and Group II-spot 
jogging group (n=20). Group I performed surya-namaskar and Group II performed spot jogging (5 min/day for 
6 weeks duration). Cardiovascular and Heart rate variability (HRV) parameters (SBP, DBP, heart rate(HR), VLF, 
LF, HF and LF/HF ratio) were recorded before and after six weeks of training in each group.

Result: The results showed that SBP, DBP, HR decreased significantly in both surya-namaskar and spot jogging 
group. LF values decreased significantly in spot jogging group, while a statistically significant increase in 
HF values was found in surya-namaskar group. LF/HF values decreased significantly in both the groups. On 
comparing surya-namaskar and spot jogging groups, it was found that difference between the mean values (pre 
and post) among the two groups was statistically significantly higher for HF component  in surya-namaskar 
group.

Conclusion: Surya-namaskar & spot jogging are found to be equally beneficial in improving the cardiac 
& autonomic parameters;  whereas Surya-namaskar showed better improvement towards parasympathetic 
dominance.

Keywords : Surya-namaskar, spot jogging, HRV.
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INTRODUCTION

Modern industrial revolution with rapid advancement 
of technology has lead to increase in the stress and life 
style disorders. Physical inactivity is a major concern 

in the present day scenario. This physical inactivity has 
to lead to increase in the life style disorders. Whereas 
the physical activity conveys multiple well established 
health benefits including decreased incidence of 
coronary artery disease, hypertension, non insulin 
dependent diabetes mellitus, osteoporosis[1-3]. Regular 
physical activity will increase the body fitness and 
controls the weight greatly, reducing life style disorders. 
This results from maintaining moderately lower blood 
pressure (BP), reducing blood cholesterol and low-

DOI Number: 10.5958/2320-608X.2017.00090.7 



International Journal of Physiology, July-December 2017, Vol. 5, No. 2            219         

density lipoproteins along with increase in high-density 
lipoproteins and perhaps equally important is that 
physically fit persons have more bodily reserves to call 
on when he or she becomes stressed.

Aerobic exercise training increases cardiovascular 
functional capacity and decreases myocardial oxygen 
demand at any level of physical activity in apparently 
healthy person as well as in most subjects with 
cardiovascular diseases[4,5].

Physical activity in ancient India was part of routine 
life style & it was also complemented with yogic 
practices which supposedly had definite cardiovascular 
benefits; which has now been proved scientifically. 
Reviews have shown that psycho-physiological changes 
by yoga help in improvement of both musculoskeletal 
and cardio-pulmonary functions[6-8].

Surya-namaskar is one such yogic practices which 
has shown to be effective in making the body supple 
in terms of stretching many muscles and performing 
movements at many joints of the body. It involves 
physical and mental exercises which may or may not be 
compared to aerobic exercise [1,9].

The literal meaning of surya-namaskar is salutation 
to Sun. Surya-namaskar comprises of a series of 12 
postures, teaching to co-ordinate rhythmic breathing 
with body postures into a flowing routine. The asanas 
in surya-namaskar is designed in such a way that each 
asana will be complimentary to the next. During surya-
namaskar muscles of entire body experience stretch and 
pressure alternately and therefore it is said to give more 
benefits with less expenditure of time[9-11].

This work was undertaken because there is scarcity 
of research which evaluates the physiological benefits of 
surya-namaskar and spot jogging in the healthy subjects 
and weigh against the benefits at the same time. The 
aim of the study was to evaluate the individual effect of 
surya-namaskar and spot jogging of similar duration on 
cardiovascular & HRV parameters of healthy subjects 
and inturn compare these effects with each other.

METHOD

The study was conducted in department of 
Physiology, Himalayan Institute of Medical Sciences 
(HIMS), Swami Ram Nagar, Dehradun. After obtaining 
ethical clearance from the Institutional ethical 
committee, the study was conducted on 40 healthy 

medical students aged 18-30 years. Trained individuals 
in yoga & sports, smokers, obese and individuals with 
history of major surgery and illness were excluded from 
the study. Subjects were explained the study protocol 
& the right to terminate during the course of study & 
written informed consent was taken.

The subjects were randomly divided into two 
groups.

Group I:- 20 participants performed surya-
namaskar for 5 min/day for 6 weeks duration under the 
guidance of investigator. 

Group II:- 20 participants performed spot jogging 
for 5 min/day for 6 weeks duration under the guidance 
of investigator.

 Prior to the study, baseline data were collected 
from all the participants after taking a detailed medical 
history on the same time of the day. The  following 
parameters were  recorded: age, height, weight, BMI, 
SBP, DBP, HR and HRV parameters.

 The data collection was done using 
computerized polygraph, which is a window based 
machine using software physiopac (Medicaid). HR and 
HRV was measured using it. BP was recorded using 
automated digital sphygmomanometer.

 After recording of baseline parameters, the 
volunteers were trained in surya-namaskar or spot 
jogging depending on their respective groups. Once 
trained, the volunteers were instructed to practice their 
respective exercises for six weeks at the same time daily. 
Following six weeks practice, the cardiovascular & 
HRV parameters were reassessed.

STATISTICAL ANALYSIS

All the values obtained before and after performing 
surya-namaskar and spot jogging were expressed as 
Mean±SD. Data was analyzed by statistical package 
for social science (SPSS version 17). Anthropometric 
parameters of both the groups were analyzed and 
compared, using independent t-test. Cardiovascular 
parameters of pre & post surya-namaskar and spot 
jogging groups were analyzed and compared, using 
ANOVA and post hoc test LSD. Difference of mean 
values pre & post surya-namaskar and pre & post 
of spot jogging group was calculated and analyzed 
using independent t-test. P < 0.05 was considered as 
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statistically significant.

RESULTS

Anthropometric parameters, cardiovascular & HRV recordings  were compared between surya-namaskar and 
spot jogging group and there was no significant difference between the groups (p value >0.05) (Table 1, Table-2).

Table-1: Comparison of anthropometric parameters among surya-namaskar (Group I) and spot jogging 
(Group II)

Variables Group I
(n=20)

Group II
(n=20) p value

Age (years) 18.6±1.2 19.2±1.4 0.803

Height (cm) 166.2±10.5 165.8±10.0 0.920

Weight (kg) 57.9±7.6 59.8±10.2 0.190
BMI (kg/m2 ) 21.3± 2.1 21.5±2.3 0.581

p value : <0.05(significant); >0.05(not significant) 

Pre and post training cardiovascular & HRV parameters of surya-namaskar and spot jogging  group as shown in 
table-2 indicate that mean SBP, DBP and HR of post surya-namaskar group was significantly lower; while HF was 
significantly higher than that of pre surya-namaskar group . There was also significant decrease in mean SBP, DBP, 
HR and LF value in post spot jogging group as compared to pre spot jogging.

Table-2: Comparison of Cardiovascular & HRV parameters among surya-namaskar and spot jogging 
group

Variables

Group I
(n=20)

Group II
(n=20)

Pre surya-namaskar Post  surya-namaskar
€

Pre  spot jogging
£

Post  spot jogging
¥

SBP
(mm Hg) 114.6±7.5 108.6±5.9** 111.4±6.4^ 106.3±4.5**

DBP
(mm Hg) 76.8±5.4 73.2±3.8* 76.2±5.9^ 73.2±3.9*

HR
(beats/min) 82.6±3.1 79.3±4.5** 82.8±4.0^ 80.5±2.8*

VLF
 (Hz) 0.028±0.009 0.025±0.008^ 0.029±0.007^ 0.026±0.008 ^

LF
 (Hz) 0.074±0.037 0.059±0.022^ 0.081±0.038^ 0.058±0.022*

HF 
(Hz) 0.19±0.029 0.222±0.034** 0.187±0.030^ 0.185±0.033 ^

LF/HF 0.402±0.213 0.276±0.119* 0.445±0.25^ 0.324±0.137*

p value : *<0.05(significant); **<0.01(highly significant); ***<0.001(very highly significant); ^>0.05(not 
significant) by ANOVA

€ :  comparison between group I post and pre surya-namaskar

£ :  comparison between group II pre aerobic exercise and group I pre surya-  
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namaskar

¥ : comparison between group II post and pre aerobic exercise

On comparing the difference of mean values (pre and post) of cardiovascular & HRV parameters among surya-
namaskar and spot jogging group; statistically significant increase in HF was observed in Group I as compared to 
Group II, whereas the difference in mean values of SBP, DBP, HR, VLF, LF, LF/HF among the two groups was 
statistically insignificant(Table-3). 

Table-3: Comparison of differences in the mean values of Cardiovascular & HRV parameters of (pre & 
post) surya-namaskar (Group I) and (pre & post) spot jogging (Group II)

Variables Group I 
(n=20)

Group II 
(n=20) p value

SBP(mm Hg) 6.0 ±4.4 5.1 ±6.6 0.615

DBP (mm Hg) 3.6± 3.1 3.0 ±4.1 0.600

HR(beats/min) 3.3± 3.1 2.3± 2.1 0.253

VLF(Hz) 0.003±0.006 0.003±0.009 0.984

LF(Hz) 0.015 ±0.02 0.075±0.05 0.491

HF(Hz) 0.032±0.026 0.002 ±0.04 0.01

LF/HF 0.126 ±0.133 0.121 ±0294 0.946

p value <0.05 is significant; >0.05 is not significant) by independent t test

DISCUSSION

Our study showed that cardiovascular and HRV 
parameters changed significantly in surya-namskar 
group as well as spot jogging group.

Surya-namaskar group showed statistically 
significant decrease in mean values of SBP and DBP. 
These finding are in accordance with Bhutkar et al and 
Herur et al, who also reported a statistically significant 
reduction in SBP and DBP after six months of yogic 
practice among normal subjects. Sasi et al reported a 
statistically significant increase in SBP and statistically 
significant decrease in DBP, following 45 days of daily 
practice of surya-namaskar by healthy school students[11-

13].     

In our study a statistically significant decline in 
mean values of HR was observed in surya-namaskar 
group. This observation is in accordance with the studies 
conducted by Bhutkar et al and Sasi et al on healthy 
subjects who practiced surya-namaskar for 6 months and 
45 days respectively[11,13]. Fondran found statistically 
insignificant decrease in heart rate after training for 6 
weeks of surya-namaskar[14].

On evaluating the HRV parameters following 

surya-namaskar practice, it was observed that the HF 
component increased and was statistically significant. 
LF/HF component decreased significantly while there 
was statistically insignificant decrease in LF values. 
Sarang et al in their study found a decrease in LF and 
LF/HF component and increase in HF component after 
cyclic meditation[15]. 

In our study both the SBP and DBP showed a 
statistically significant decrease following spot jogging.  
Seamus et al, reported a statistically significant reduction 
in both SBP and DBP on comparing aerobic exercise and 
control group[16]. White et al reported an increase in SBP 
and decrease in DBP after 12 weeks of exercise program 
in young and middle aged non-obese women, but these 
changes were statistically insignificant[17].

In current study a statistically significant decline 
in mean values of heart rate was observed after spot 
jogging. This is in accordance with the work of Sloan 
et al and Stein et al who found a statistically significant 
reduction in HR after aerobic conditioning of 12 weeks 
and 12 months respectively[18,19]. Tulppo et al found 
statistically significant decrease in HR in sedentary 
subjects after eight weeks training in both moderate and 
high-volume aerobic exercise groups[20].
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The spot jogging group showed a statistically 
significant decrease in mean values of LF and LF/HF 
components, while a statistically insignificant decrease 
was observed in HF values. Tulppo et al reported that 
in both moderate and high volume aerobic trained 
groups; a statistically significant increase in normalized 
HF spectral component while a decrease in normalized 
LF component and a marked decline of LF/HF ratio[20]. 
Sandercook et al in a meta-analysis reported an increase 
in HF power after exercise training[21].

In the current study a significant reduction in SBP, 
DBP and HR was found in both surya-namaskar and 
spot jogging group. On comparing the two groups for 
the difference between mean values (pre and post); there 
was a greater decline in the values but was statistically 
insignificant. Telles et al reported a statistically 
significant decrease in HR after six weeks of yoga and 
games[22]. Bowman et al conducted a study on sedentary, 
healthy normotensive elderly subject and reported a 
statistically significant decrease in HR following six 
weeks of yoga but an insignificant decrease in HR after 
six weeks of aerobic training[23].

In our study a statistically significant decline was 
seen in LF/HF component in both surya-namaskar and 
spot jogging group, while LF component showed a 
statistically significant reduction in spot jogging group 
and HF component showed a statistically significant 
increase in surya-namaskar group. On comparing both 
the groups for the difference between mean values 
(pre and post) for the above mentioned parameters, the 
increase in HF component was found to be more, which 
was statistically significant in surya-namaskar group.  
This is in accordance with Bowman et al, who reported 
a statistically significant increase in HF value after six 
weeks of yoga but statistically insignificant change 
after six weeks of aerobic training[23]. Sathyaprabha et 
al, showed significant improvement in parasympathetic 
parameters in epileptic patients after 10 weeks of yoga 
as compared with healthy volunteer while the exercise 
group did not show any significant improvement[24].

In conclusion, a few weeks of disciplined practice 
of either surya-namaskar or aerobic exercise can lead to 
improvement in cardiovascular & autonomic functions 
, however a greater tilt towards parasympathetic 
dominance was observed following surya-namaskar. 
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ABSTRACT

Cardiac autonomic neuropathy (CAN) is one of the major complications of diabetes mellitus. Resting heart rate, 
deep breathing difference and valsalva ratio expresses cardiac autonomic function. Present study was done to 
estimate prevalence of cardiac autonomic neuropathy in type II diabetes patients and to investigate its association 
with glycemic control. The study group comprised of 60 type 2 diabetes patients within the age group of 40-60 
years coming to a Tertiary health care center in Maharashtra and those hospitalized in medicine wards, They were 
further classified in to two sub-groups(n = 30 in each group ), well controlled Type II diabetes patients (HbA1c 
< 7) and uncontrolled Type II Diabetes patients (HbA1c > 7). Glycosylated hemoglobin level was detected by 
calorimetric method (spectronic -2).The control group consisted of 30 age matched healthy subjects (volunteers). 
After thorough examination of the subjects as per the proforma resting heart rate, deep breathing difference 
and valsalva ratio were estimated using Physiopac I.n present study total 36 (60%) type II diabetes patients had 
cardiac autonomic neuropathy. Out of 60 type II diabetes patients 16 (26.66%) individuals were found to have 
severe cardiac autonomic neuropathy. While 20 (33.33%) had borderline Cardiac autonomic neuropathy (CAN) 
poor glycemic control is associated with abnormal valsalva ratio. The value of valsalva ratio was significantly 
lower in type II diabetes patients with poor glycemic control as compared to well controlled diabetics and healthy 
subjects. There was no statistically significant difference among value of deep breathing difference and resting 
heart rate in type II diabetes patients with poor glycemic control and type II diabetes with good glycemic control. 
Poor glycemic control is associated with impairment of cardiac autonomic function.

Keywords: Uncontrolled diabetes, resting heart rate, Deep Breathing Difference, Valsalva Ratio, cardiac 
autonomic neuropathy.
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INTRODUCTION

Diabetes mellitus is characterized by chronic 
hyperglycemia associated with altered carbohydrate 
fat and protein metabolism due to defective insulin 
secretion, insulin action or both [1]. The worldwide 
prevalence of DM has risen dramatically in past two 
decades, from an estimated 30 million cases in 1985 
to 422 million cases in 2014 [2]. Prevalence of type II 
diabetes is increasing very rapidly because of sedentary 
lifestyle and obesity. 6 of the top 10 countries with the 
highest prevalence of diabetes are in Asia [3].

Studies in India indicate that more than 50% of 
people with diabetes have poor Glycaemic control 
(HbA1c > 7%), uncontrolled hypertension and 
dyslipidaemia, and a large percentage have diabetic 
vascular complication [4].

Vascular complication includes macrovascular 
and microvascular complications, Microvascular 
complications comprise Neuropathy, Retinopathy and 
nephropathy. Neuropathy includes both peripheral and 
autonomic neuropathy. Diabetic autonomic neuropathy 
may manifest as disturbances in cardiovascular, 
gastrointestinal or genitourinary system[5] and these 
complications are missed because they are usually 
asymptomatic for negligent patients. Cardiac autonomic 
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neuropathy (CAN) is one of the major complications of 
diabetes mellitus. It is also the most under diagnosed and 
least understood diabetic complications [6].  Poor glycemic 
control plays an important role in the development and 
progression of diabetic cardiac autonomic neuropathy, 
and studies have shown that reduced cardiovascular 
Autonomic Function is associated with increased 
morbidity and mortality. Research in this regard has 
suggested a strong association between hyperglycemia 
and the progression of microvascular complications in 
diabetic patients. 

Glycosylated hemoglobin reflects long-term 
glycemic control and has proven to be a more accurate 
and stable measure than fasting blood glucose levels. 
Quantitative cardiovascular Autonomic Function 
tests which include estimating resting heart rate, deep 
breathing test, valsalva maneuver, calculating valsalva 
ratio are widely used to detect, verify and quantify the 
cardiovascular autonomic dysfunction. They have been 
tested for their validity and reliability. These tests are 
performed because the procedures are easy to perform 
bedside, these are reproducible and non invasive.  

Earlier studies have suggested that patients with 
poor glycemic control have higher prevalence of 
cardiovascular autonomic neuropathy than in patients 
with good glycemic control in type I diabetes. Similar 
studies in type II Diabetes mellitus are relatively few in 
this region. 

Present study is designed to evaluate and compare 
cardiac Autonomic Function tests in Type II Diabetics 
with poor control and compare it with Type II   diabetics 
with good glycemic control and with age matched 
control group. Glycosylated hemoglobin levels are used 
as a measure of glycemic control. 

METHOD

The study comprised of 90 subjects, 60 type II 
diabetes patients and 30 age matched normal individuals.  
Type II diabetes patients were selected randomly from 
diabetic O.P.D. and those referred from medicine wards. 
Age and sex matched controls were volunteers. Type II 
diabetes patients were further classified in to two sub-
groups – Type II diabetes patients with good glycemic 
control (HbA1c < 7, n=30) and Type II diabetes patients 

with poor glycemic control (HbA1c > 7, n=30). 

The study was approved by the ethical committee. 
The present study was carried out in accordance with the 
Helsinki Declaration all subjects participated voluntarily 
after being given a detailed explanation of the purpose of 
the study. Written and Informed consent were obtained 
from each subject. All subjects of the study underwent a 
full clinical examination and history. 

Groups were selected by considering following 
inclusion and exclusion criteria.

Inclusion and exclusion criteria for different groups

Type 2 Diabetes patients with poor glycemic 
control (n=30).

All the subject having type II diabetes with Hba1c 
> 7 between the age group of 40-60 years were included 
in this group

Type2 Diabetes patients with good glycemic control 
(n=30).

All the subject having type II diabetes with Hba1c 
< 7 between the age group of 40-60 years were included 
in this group

Healthy Controls (n=30).

All non-Diabetic subject with Hba1c < 6 between 
the age group of 40-60 years were included in this 
group

All smokers, alcohol consuming patients, patients 
suffering from cardiovascular disease and patients who 
were on drugs altering autonomic function test were 
excluded from study

The laboratory tests were done between 7-9 a.m. in 
the lab with stable room temperature 

(22-24oC). 

The subjects were instructed not to smoke, eat or 
drink coffee prior to examination. In the case of the 
diabetics, antidiabetic medication was given at the end 
of the examination.
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Criteria for the diagnosis of diabetes:-

HbA1c ≥ 6.5%. The test should be performed in a laboratory using a method that is NGSP certified and standardized to the 
Diabetes Control And Complication Trial (DCCT) assay.*
Or

Fasting Plasma Glucose(FPG) ≥ 126 mg/dl (7.0 mmol/l). Fasting is defined as no caloric intake for at least8 h.*
Or

2-h plasma glucose ≥ 200 mg/dl (11.1 mmol/l) during an oral glucose tolerance test (OGTT). The test should be performed as 
described by the World Health Organization, using a glucose load  containing the equivalent of 75 g anhydrous glucose dissolved in 
water.*
Or
In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis, a random plasma glucose  ≥ 200 mg/dl (11.1 mmol/l)In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis, a random plasma glucose  ≥ 200 mg/dl (11.1 mmol/l)

*In the absence of unequivocal hyperglycemia, result should be confirmed by repeat testing[7].

Glycosylated hemoglobin was estimated by 
modified method of Fluckiger and Winterhalter 

Following three tests were used to evaluate 
autonomic function test of all subjects

1. Resting heart rate

2. Heat rate response to deep breathing (deep 
breathing difference)

3. Heart rate response to Valsava maneuver (valsalva 
ratio)

Presence of any two abnormal values of above 
mentioned 3 tests is considered as diagnostic criteria for 
presence of cardiac autonomic neuropathy.

Autonomic Function Test: The subjects were asked 
to relax in supine position for 30 minutes. Resting heart 

rate and respiratory activity were recorded by Physiopac- 
8: Computerized 8- channel biopotential acquisition 
system (Medicaid, Chandigarh) BP was measured with 
Omron Intellisense M3 Blood Pressure Monitor. The 
cardiovascular tests performed are detailed below in the 
order of execution. These tests were demonstrated to the 
subjects.  

Deep breathing test: In the sitting position subjects 
were asked to breathe quietly and deeply at the rate of 
6 breaths per minute. A continuous ECG was recorded 
for six cycles. The maximum and minimum R-R 
intervals were measured during each breathing cycles 
and converted to beats per minute. The result was then 
expressed as mean of the difference between maximum 
and minimum heart rate for six measured cycles in beats 
per minute. 

Deep breathing difference (DBD) = mean of heart 
rate differences in 6 breath cycles. 

Heart  Rate response test Normal Borderline Abnormal

Heart rate response to deep    breathing.(DBD) 15 beats/min OrMore 11-14 beats/min 10beats/minim less.

Heart-Rate response to Valsalva Maneuver (valsalva ratio):The subjects were seated comfortably and asked 
to blow into a mouthpiece connected to a mercury sphygmomanometer and holding it at a pressure of 40 mm of 
mercury for 15 seconds. The ECG was continued to be recorded after release of pressure at the end of 15 seconds for 
30 seconds.valsalva ratio was obtained by dividing maximum RR interval with minimum RR interval. 

Valsalva Ratio(VR)= maximal tachycardia/maximum bradycardia

                             = maximum R-R interval/minimum R-R interval

Heart  Rate response test Normal Borderline Abnormal
response to Valsalva Maneuver.(VR) 1.21 or more 1.11-1.20 1.10 or less.
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RESULT

The data collected has been statistically analyzed using SPSS version 19.

First basic characteristic age was compared in all three groups with ANOVA test tables and graphs are given 
below.

Table- 1: BASELINE STATISTICS FOR 3 GROUPS:

Mean Std. 
Deviation Df f P value

RHR
Uncontrolled diabetes 90.17 9.454 2 39.93 < 0.001

Controlled diabetes 87.03 12.40

healthy controls 68.67 7.792

HbA1c

Uncontrolled diabetes 9.53 1.899 2 90.011 < 0.001

Controlled diabetes 6.22 .710

healthy controls 5.71 .428

DBD

Uncontrolled diabetes 11.10 4.054 2 13.006 < 0.001

Controlled diabetes 11.40 5.769

healthy controls 17.53 6.442

VR

Uncontrolled diabetes 1.07 .198 2 10.352 < 0.001

Controlled diabetes 1.22 .148

healthy controls 1.25 .128

COMPARISON OF TWO GROUPS

Table- 2: Uncontrolled diabetes patient group with Controlled diabetes patient group  basic statistics 

Coding Mean Std. Deviation P Value

RHR
Uncontrolled diabetes 90.17 9.454 0.276

Controlled diabetes 87.03 12.40

HbA1c
Uncontrolled diabetes 9.53 1.899 < 0.001

Controlled diabetes 6.22 .710

DBD
Uncontrolled diabetes 11.10 4.054 .817

Controlled diabetes 11.40 5.769

VR
Uncontrolled diabetes 1.07 .198 0.002

Controlled diabetes 1.22 .148

Table- 3: basic statistics for uncontrolled diabetic patient group and healthy control group

Coding Mean Std. Deviation P Value

RHR
uncontrolled diabetic 90.17 9.454 < 0.001
healthy control group 68.67 7.792

HbA1c
uncontrolled diabetic 9.53 1.899 < 0.001
healthy control group 5.71 .428

DBD
uncontrolled diabetic 11.10 4.054 < 0.001
healthy control group 17.53 6.442

VR
uncontrolled diabetic 1.07 .198 < 0.001
healthy control group 1.25 .128
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Table- 4: Basic statistic of controlled diabetes patient group and healthy controls

Coding Mean Std. Deviation P Value

RHR
controlled diabetes 87.03 12.40 < 0.001

healthy controls 68.67 7.792

HbA1c
controlled diabetes 6.22 0.710 0.001

healthy controls 5.71 0.428

DBD
controlled diabetes 11.40 5.769 < 0.001

healthy controls 17.53 6.442

VR
Controlled diabetes 1.22 0.148 0.365

healthy controls 1.25 0.128

DISCUSSION

In present study total 36 (60%) type II diabetes 
patients had cardiac autonomic neuropathy. Out of 60 
type II diabetes patients 16 (26.66%) patients were found 
to have severe cardiac autonomic neuropathy. While 20 
(33.33%) had borderline CAN. out of 30 uncontrolled 
diabetes patients 8 had severe cardiac autonomic 
neuropathy  while in controlled diabetes patient group 
also 8 patients had severe cardiac autonomic neuropathy 
on the contrary none of the patient in healthy control 
group had cardiac autonomic neuropathy 

Though there is no statistically significant difference 
between prevalence of CAN among uncontrolled 
and controlled diabetes patient group (p >0.05) but 
differences in the means of valsalva ratio is statistically 
significant. Valsalva ratio is deranged in uncontrolled 
diabetic patient group. 13 out of 30 uncontrolled diabetes 
patients had abnormal valsalva ratio as compared to 4 
out of 30 patients in controlled diabetes patient group 
and only 1 out of 30 subject from healthy controls had 
abnormal valsalva ratio.

Mean and standard deviation of valsalva ratio 
(VR) (table: 1) in uncontrolled diabetes patient group, 
controlled diabetes patient group and healthy controls 
are 1.07 ± 0.198, 1.22 ± 0.148 and 1.25 ± 0.128 
respectively.  There is gradual decrease in mean from 
healthy control group to uncontrolled diabetes patient 
group. that means there is less variability in heart 
rate .with Analysis of variance (ANOVA) test among 
difference in valsalva ratio was statically significant 
(p < 0.001) when unpaired t test is applied to compare 
Uncontrolled diabetes patient group with Controlled 
diabetes patient group the difference in means of 
valsalva ratio value is found to be statistically significant 

(table: 2) and valsalva ratio is significantly decreased in 
uncontrolled diabetics.  When unpaired t test between 
uncontrolled diabetes patient group and healthy controls 
was applied difference in mean was statistically 
significant and valsalva ratio was significantly 
decreased in uncontrolled diabetics compared to healthy 
controls (p < 0.001).When controlled diabetes patient 
group is compared with healthy controls(table: 4) there 
is statistically insignificant difference in the means of 
valsalva ratio in two groups (P= 0.365). The heart rate 
response to Valsalva maneuver depends on the integrity 
of sympathetic as well as parasympathetic pathways. 
Parasympathetic fibers being the longest fibers are 
affected first due to atherosclerotic changes of vasa 
nervosum. 

Mean  and standard deviation of deep breathing 
difference among three study groups i.e. uncontrolled 
diabetes, controlled diabetes and healthy controls 
are  11.10 ± 4.054, 11.40 ± 5.769 and 17.53 ± 6.442 
respectively. ANOVA test was applied to see significance 
between three groups, difference between three group is 
statistically significant (p < 0.001) unpaired T test was 
applied to know in which two groups there is statistical 
significance, when uncontrolled diabetic patient group 
was compared with healthy controls the difference in 
heart rate response was statistically significant (p< 
0.001). When deep breathing difference was compared 
between controlled diabetic patient group and healthy 
control group difference was statistically significant (p< 
0.001). Between uncontrolled diabetic patient group and 
controlled diabetic patient group value of deep breathing 
difference is statistically insignificant though value 
is comparatively less in uncontrolled diabetic patient 
group. After comparing these results, there is gradual 
loss of deep breathing difference as apparent in mean 
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and standard deviation mentioned above this shows 
that there is progressive parasympathetic dysfunction 
in diabetics but it is more in poorly controlled diabetics. 
HR response to breathing is a normal phenomenon and 
is due to fluctuations in parasympathetic output to heart. 
In diabetes, loss of vagal tone (vagal denervation) is 
responsible for reduced heart rate response to deep 
breathing. Parasympathetic fibers being the longest 
fibers are affected first due to atherosclerotic changes 
of vasa nervosum. Similar results were found in studies 
done previously.   

Abbasher Hussein et al  studied  presence  of  
cardiac  autonomic  neuropathy  in  a group  of  adult  
diabetic  Sudanese  patients. 45% type II diabetes 
patients had abnormal heart rate response to Valsalva 
maneuver. Deep breathing difference was found to be 
abnormal in 90% of study population [8]. Compared to 
Abbasher Hussein et al present study has lower number 
of patients having abnormal valsalva ratio (28.33%) and 
deep breathing difference (40%).  

V. Nagalakshmi et al did a study in 2016 on 
diabetes and cardiac autonomic neuropathy they found 
prevalence of CAN in diabetics was 16%. As compared 
to V. Nagalakshmi et al present study has higher 
prevalence of CAN (60%) [9].

Various mechanisms are responsible for development 
of diabetic autonomic neuropathy such as hyperactivity 
of polyol pathway, activation of protein kinase C 
formation of advanced Glycation end products and 
oxidative stress Both sympathetic and parasympathetic 
fibers are affected with parasympathetic dysfunction 
preceding sympathetic dysfunction.

Chronic hyperglycemia causes hyperactivity in 
polyol pathway leading to activation of sorbitol and 
accumulation of fructose. This pathway ultimately 
cause neuronal damage and decrease neuronal blood 
flow Uncontrolled diabetes leads to stimulation of 
Diacylglycerol (DAG) and protienkinase C these 
together leads to impaired gene expression and neuronal 
cell death via activation of mitogen activated protein 
kinases (MAPKs)

Advantage of using resting tachycardia, deep 
breathing difference and valsalva ratio for assessment 

of cardiac autonomic neuropathy is that these tests are 
extremely easy to perform bedside and are reproducible. 
These tests can be applied to assess cardiac autonomic 
function of diabetic patients in outpatient as well as 
inpatient department. Limitation of present study is 
limited sample size and cross sectional study design. 
Studies with larger sample size are immediately needed 
in this region to detect cardiac autonomic neuropathy 
and prevent associated morbidity and mortality in type 
II diabetes patients.
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ABSTRACT

Background- Obesity is a growing problem even in developing regions like India. Obese people are also at risk 
for social discrimination and possibly adverse psychological consequences.  Objective: to study dynamic lung 
functions and flow rates Forced Expiratory Volume (FEV), Forced Ventilatory Capacity (FVC), FEV1/FVC ratio 
on subjects and controls. Methods- The study was conducted in the Department of Physiology, SDM College of 
medical sciences and hospital, Dharwad. 150 male students in the age group 15-24 years of the college formed 
the subjects of the study. Results- The mean (±SD) body mass index in overweight group was 23.94 ± 0.55kg/m2, 
in obese group was 26.81 ± 1.45kg/m2 and in controls was 21.04  1.26 kg/m2. The mean (±SD) age in overweight 
group was 20.44 ± 1.83 years, in obese group was 20.60 ± 1.78 years and in controls was 19.90 ± 1.31years.  The 
mean (± SD) forced vital capacity at rest in overweight group was 3.54 ± 0.37 litres, in obese group was 3.53 ± 
0.76 litres and in controls was 3.82 ± 0.46 litres. The mean (± SD) FEV1 at rest in overweight group was 3.11 ± 
0.40 litres, in obese group was 3.10 ± 0.73 litres and in controls was 3.43 ± 0.5 litres. The mean (± SD) FEV1/
FVC at rest in overweight group was 0.87 ± 0.37 %, in obese group was 0.87 ± 0.03% and in controls was 0.89 
± 0.06%.

Conclusion- FEV1 and FVC were significantly lower in overweight and obese groups compared to controls. FEV1

was reduced more significantly than FVC. But there is no significant change in FEV1/FVC ratio in overweight 
and obese groups.

Keywords: Forced Vital capacity (FVC), Forced Expiratory Volume in first second (FEV1: Forced Vital capacity (FVC), Forced Expiratory Volume in first second (FEV1: Forced Vital capacity (FVC), Forced Expiratory Volume in first second (FEV ), FEV1), FEV1 1), FEV1), FEV /FVC, BMI

Corresponding author: 
Dr. Khaleel Ahmed Manik 
Assistant Professor, Department of  Physiology, MES 
Medical College, Perinthalmanna, Via kolathur, PO 
Palachode, Dist – Malappuram - 679338, Kerala, India.
Mob.: 09605927374, khals2000@yahoo.co.in

INTRODUCTION

Physiologic system, orchestrated through endocrine 
and neural pathways, permits humans to survive 
starvation for as long as several months1. However in the 
presence of nutritional abundance and a sedentary life 
style, & influenced importantly by genetic endowment, 
this system increases adipose energy stores resulting in 
obesity that  produces adverse health consequences2. 
Adipose tissue accounts for about 20% of the total 

body weight of a normal young adult, about 15kg in the 
average person. 

The WHO consultation on obesity, Geneva interim 
report on “obesity-preventing and managing the global 
epidemic1997: has recognized that overweight and 
obesity represent a rapidly growing threat to the health 
of population worldwide. It recognized obesity as a 
disease, which is prevalent in both developing and 
developed countries and affects children and adults 
alike. Indeed obesity and overweight are so common 
that they are replacing the more traditional public health 
concern such as under nutrition and infectious diseases 
as some of most significant contributes to ill health.

There are different measures to assess obesity. One 
of the most commonly used is Body Mass Index (BMI) 
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which is a measure of general obesity3. Indices used to 
measure regional and central obesity are subscapular 
skin fold thickness, waist circumference and abdominal 
sagittal diameter and ratios like Waist-Hip ratio (WHR). 
These have been considered as better and more sensitive 
than BMI4.

On the other end of the spectrum purely mechanical 
consequences of obesity like various forms of 
hypoventilation syndrome and dramatic reduction in 
various lung volumes have also been established5. 
Hence the present study is taken up to study dynamic 
lung functions and flow rates Forced Expiratory Volume 
(FEV), Forced Ventilatory Capacity( FVC), FEV1/FVC 
ratio  on subjects  and controls

MATERIALS AND METHOD

The study was conducted   under the  auspices  of  the 
laboratory  set  up  of  the  Department  of  Physiology,  
SDM college of medical sciences and hospital, Dharwad.  
150 male students in the age group 15-24 years of the 
college formed the subjects of the study with applying 
exclusion criteria i.e Those with history of smoking or 
atopy, asthama, BMI <18.5 or >29.9, History or family 
history of asthama, Congenital cardiopulmonary disease  
and age <15 or >25 years

These subjects were divided into three groups based 
on BMI as follows.

GpI (Controls)      : 50 controls BMI 18.5-22.9(age 
and sex matched)

Gp-II (Overweight) : 50 students with BMI 23-24.9 

Gp-III (Obese)         : 50 students with BMI 25-
29.93

Method of data collection: Identification data 
name, age, sex and address were recorded. Age was 
calculated in years to the nearest birthday. Height and 
weight of each subject was recorded. BMI (Body Mass 
Index) was calculated using the formula BMI = Weight 
in Kg. / [Height in m]2

• A detailed clinical examination of Respiratory, 
Cardio-Vascular and Central Nervous Systems was 
done.

• Skinfold thickness was measured at chest, 
abdomen, thigh regions using skin fold callipers, body 
fat percentage is calculated using Jackson and pollock’s 

formula.

o Three skinfold sites (chest, abdoman and thigh 
sites from above, SUM3 is the sum of these sites in 
mm)

o  Bone Density = 1 . 1 0 9 3 8 0 0 
- (0.0008267 * SUM3) + (0.0000016  SUM3²) - 
(0.0002574  Age)

o Body Fat Percentage = [(4.95/Bone Density) 
- 4.5] 100 

• Lung Function Tests were recorded using 
Spirovit SP-1.

Spirovit SP-1:

    The instrument used in this study was Spirovit 
SP1 manufactured by Schiller. Its a type of flow 
sensing Spirometer. This is a low cost high performance 
instrument capable of giving highly accurate and 
repeatable test results and represents the major 
advancement in computerized pulmonary function 
testing. It is best instrument for routine screening of 
large number of subject. 

a. Forced Vital Capacity (FVC)

b. Forced Expiratory Volume in First Second 
(FEV1)

c. Forced Expiratory Volume in first second to 
FVC ratio (FEV1/FVC)

Procedure: All maneuvers were performed in 
sitting position and at rest with the nose clip in place. 
The subject was asked to loosen tight clothing, if any.  
Each student was taught about the various maneuvers 
to be performed for about 5 minutes. Demonstration 
was also given. Every subject was given ample time to 
understand carefully and then was allowed to do some 
practice blows. Sufficient rest was provided between 
the procedures. Given below are the ways in which the 
subject was instructed to perform the three maneuvers.

o FVC maneuver – A disposable card board 
mouth piece was placed in the pneumotachograph. The 
‘FVC’ button on the menu pad was pressed (with the 
sensor still on the stand). After sufficient rest was given 
the subject was asked to place the mouth piece properly. 
The start/stop button was pressed and the subject was 
asked to inhale completely and then exhale it forcefully 
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and completely, this was followed by another complete inhalation, then the start/stop key was pressed again to stop 
the test. This test has three memories. The LCD screen displays both the PFT parameter results, as well as the flow 
volume loop.

Table no.1: Interpretation of Spirometry values6

Parameters Restrictive Obstructive

 FVC < 80% of predicted Normal or  < 80% of predicted

 FEV1 Normal or  < 80% of predicted < 80% of predicted

 FEV1/FVC ≥ predicted < predicted

o According to recommendations of global initiative for COPD, FEV1/FVC of 70% or less is defined as 
obstructive lung diseases.

o  These values (FVC, FEV1, FEV1/FVC) were compared with average predicted for a subject on the basis of  
age, sex, built and  race7

o In both the groups (test and control) subjects were highly motivated and cooperative. They performed the 
tests with care and maximum efforts. 

Statistical analysis: Following statistical methods were employed in the present study using SPSS-20. Anova 
- Compares mean values of more than two groups. Correlation analysis

 Findings: The Anthropometric data in overweight, obese and controls are shown in table 2. 

Table 2. Anthropometric data of controls, oveweight and obese groups

Parameter

Control
Mean ± SD
(n=50)

Overweight
Mean ± SD
(n=50)

Obese
Mean ± SD
(n=50) ‘p’ value Significance

Age(yrs) 19.90 ± 1.31 20.44 ± 1.83 20.60 ± 1.78  0.090 NS

Height(cm) 170 ±  7.2 170 ±  6.1 168 ±  6.1 0.121 NS

Weight(kg) 60.80 ± 4.84 69.44 ± 4.35 75.72 ± 8.11 0.000 S

BMI(kg/m2) 21.04 ± 1.26 23.94 ± 0.55 26.81 ± 1.45 0.000 S

WHR 0.83 ± 0.03 0.86 ± 0.028 0.85 ± 0.04 0.000 S

BFP 19.11 ± 3.77 24.13 ± 1.95 26.35 ± 3.74 0.000 S

The mean (±SD) age in overweight group was 
20.44 ± 1.83 years, in obese group was 20.60 ± 1.78 
years and in controls was 19.90 ± 1.31years. The mean 
(±SD) height in overweight group was 170 ± 6.1cms, in 
obese group was 168 ± 6.1cms and in controls was 170 ±  
7.2cms. There was no statistically significant difference 
of age and height between the three groups.

Weight: The mean (± SD) weight in overweight 
group was 69.44 ± 4.35 kgs, in obese group was 75.72 
± 8.11 kgs and in controls was 60.80 ± 4.84kgs. As 
BMI is the basis of division all three groups, they have 
significantly increasing weight with increasing BMI. 

Body Mass Index (BMI): The mean (±SD) body 
mass index in overweight group was 23.94 ± 0.55kg/m2, 
in obese group was 26.81 ± 1.45kg/m2 and in controls 
was 21.04 ± 1.26 kg/m2. As BMI is the basis of division 
so all three groups have significantly different BMI.

Waist Hip Ratio (WHR): The mean (±SD) waist 
hip ratio in overweight group was 0.86 ± 0.028, in obese 
group was 0.85 ± 0.04 and in controls was 0.83 ± 0.03. 
WHR is significantly more in obese and overweight 
groups compared to controls.

Body Fat Percent (BFP): The mean (±SD) body 
fat percent in overweight group was 24.13 ± 1.95 %, 
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in obese group was 26.35 ± 3.74 % and in controls was 19.11 ± 3.77%. BFP is significantly more in obese and 
overweight groups compared to controls and also in obese group compared to overweight group.

Dynamic Lung Function: FVC parameters of Controls, overweight and obese groups are shown in Table 3. 

Table 3. Dynamic lung function of controls, overweight and obese groups

Parameters

Control
Mean ± SD
(n=50)

Overweight
Mean ± SD
(n=50)

Obese
Mean ± SD
(n=50) ‘p’ value Significance

FVC
(L) 3.82 ± 0.46 3.54 ± 0.37 3.53 ± 0.76  0.017 S

FEV1
(L) 3.43 ± 0.54 3.11 ± 0.40 3.10 ± 0.73 0.007 S

FEV1/FVC
(%) 0.89 ± 0.06 0.87 ± 0.37 0.87 ± 0.03 0.081 NS

Forced Vital capacity (FVC): The mean (± SD) 
forced vital capacity at rest in overweight group was 
3.54 ± 0.37 litres, in obese group was 3.53 ± 0.76 
litres and in controls was 3.82 ± 0.46 litres. FVC was 
significantly less in overweight and obese groups 
compared to controls.

Forced Expiratory Volume in first second 
(FEV1): The mean (± SD) FEV1 at rest in overweight 
group was 3.11 ± 0.40 litres, in obese group was 3.10 
± 0.73 litres and in controls was 3.43 ± 0.5 litres. FEV1 
was significantly less in overweight and obese groups 
compared to controls table 4.

Table 4. Correlation of WHR with PFT

Parameters “r” value “P”value

FVC (L) - 0.228 0.005*

FEV1 (L/min) - 0.262 0.001*

FEV1/FVC (%) - 0.225 0.006*

FEV1/FVC: The mean (± SD) FEV1/FVC at rest in 
overweight group was 0.87 ± 0.37 %, in obese group 
was 0.87 ± 0.03% and in controls was 0.89 ± 0.06 %. 
There was no statistically significant difference among 
three groups.

DISCUSSION

Forced Vital capacity (FVC): The mean (± SD) 
forced vital capacity at rest in overweight group was 
3.54 ± 0.37 litres/sec, in obese group was 3.53 ± 0.76 
litres/sec and in controls was 3.82 ± 0.46 litres/sec. 
FVC was significantly less in overweight and obese 
groups compared to controls. FVC tend to decrease with 

increasing BMI8,9. However, the effect is small, and both 
FEV1 and FVC are usually within the normal range in 
healthy, obese adults10.

 Forced Expiratory Volume in first second 
(FEV1): The mean (± SD) FEV1 at rest in overweight 
group was 3.11 ± 0.40 litres/sec, in obese group was 3.10 
± 0.73 litres/sec and in controls was 3.43 ± 0.5 litres/sec. 
FEV1 was significantly less in overweight and obese 
groups compared to controls. FEV1 tend to decrease 
with increasing BMI8, 9. However, the effect is small and 
both FEV1 and FVC are usually within the normal range 
in healthy, obese adults8 and children10.

FEV1/FVC: The mean (± SD) FEV1/FVC at rest 
in overweight group was 0.87 ± 0.37, in obese group 
was 0.87 ± 0.03 and in controls was 0.89 ± 0.06. There 
was no statistically significant difference among three 
groups. Both FEV1 and FVC were similarly reduced 
(in terms of percentage predicted), the FEV1 to FVC 
ratio was normal and static lung volumes were reduced, 
suggesting the reduction may be due to restriction as 
opposed to air flow obstruction11. The FEV1 to FVC 
ratio is usually well preserved or increased12,9, even in 
morbid obesity 13 , indicating that both FEV1 and FVC 
are affected to the same extent10. The normal FEV1/FVC 
ratio in our study may also indicate that the inspiratory 
and expiratory muscle strength is normal13.

FVC and FEV1 results are consistent with previous 
studies done by Helena Santana et.al14, senmann15,  both 
FEV1 and FVC are the lung functions most closely 
related to body composition and fat distribution. It has 
been also stated that increase in adult body mass is a 
predictor of FEV1 decline8. The normal FEV1/FVC ratio 
in our study indicates that the inspiratory and expiratory 
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muscle strength is normal13. Both FEV1 and FVC were 
similarly reduced (in terms of percentage predicted), the 
FEV1 to FVC ratio was normal and static lung volumes 
were reduced, suggesting the reduction may be due to 
restriction as opposed to air flow obstruction11.

FEV1 and FVC, tend to decrease with increasing 
BMI8,9 . However, the effect is small, and both FEV1 
and FVC are usually within the normal range in healthy, 
obese adults 8 and children. The FEV1-to-FVC ratio is 
usually well preserved or increased8 even in morbid 
obesity19, indicating that both FEV1and FVC are 
affected to the same extent. This finding implies that 
the major effect of obesity is on lung volumes, with no 
direct effect on airway obstruction.

Lazarus et al20 found that the FEV1 to FVC ratio 
decreases with increasing BMI in overweight and 
obese individuals. In morbidly obese subjects (defined 
as individuals with a body weight (in kilograms) to 
height (in centimetres) ratio greater than 0.9 (in kg/
sqcm), Biring et al19 found a reduction in midexpiratory 
flows and the FEV1 to FVC ratio. Therefore, it appears 
that spirometric abnormalities in patients with mild to 
moderate obesity represent a restrictive defect placed 
on the system whereas with severe and morbid obesity, 
it represents true air flow obstruction. The mechanism 
may be related to small airway collapse due to decreased 
lung volumes with increasing obesity or it may be 
independent11.

CONCLUSION

Dynamic lung volumes (FEV1 and FVC) were 
significantly lower in overweight and obese groups 
compared to controls. FEV1 was reduced more 
significantly than FVC. But there is no significant 
change in FEV1/FVC ratio in overweight and obese 
groups.
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ABSTRACT

Background:  Pregnancy is associated with substantial changes in thyroid physiology and represents a major 
stress on maternal iodine homeostasis leading to an increased requirement of iodine. The fetus is particularly 
vulnerable and maternal iodine deficiency can cause irreversible cognitive and motor deficits. 

Objectives: The main objective of the present study was to assess the iodine status of pregnant women and to 
know the prevalence of iodine deficiency in them.  

Materials and Method: A Cross-sectional, observational, hospital based study was done in normal, healthy 
pregnant women. Pregnant women, who were in their first (n=60) and third (n=60) trimesters were selected. 
Age matched healthy non pregnant women served as control group (n=60). Urine Iodine Concentration (UIC) 
and Serum Thyroid Stimulating Hormone (TSH) levels were determined. The cut off values for iodine nutrition 
sufficiency as defined by WHO/UNICEF/ICCIDD guidelines were used.

Results and Discussion: The results obtained showed that the values of Urine Iodine Concentration in third 
trimester pregnant women were significantly less (P<0.05) compared to first trimester women. Increased 
hormonal and metabolic demands may lead to depletion of total body iodine stores which if not compensated by 
adequate dietary iodine intake is reflected by decreasing levels of UIC with increase in gestational period. The 
serum TSH values in third trimester pregnant women were significantly high (P<0.05) compared to first trimester 
and non pregnant women reflecting increased thyroidal stimulation. The study also documented the negative 
correlation between maternal TSH and UIC. 

Conclusions: The findings of the present study indicates that Pregnant women tend to become more iodine 
deficient as pregnancy advances. So, monitoring of iodine nutrition status during pregnancy is essential, to plan and 
evaluate adequate interventions either in the form of specific dietary care or therapeutic iodine supplementation.

Keywords :  Pregnant women, Iodine status, UIC, TSH

INTRODUCTION

Iodine deficiency is the easiest of the nutritional 
deficiencies to correct and the most preventable cause 
of mental retardation. Iodine requirement varies with 
physiological states and the nutritional needs for iodine 
are increased, as any other nutrient during pregnancy, 
as it is associated with substantial changes in thyroid 
physiology. During pregnancy circulating TBG levels 
increase1 1.5 fold, increasing the levels of circulating 
total T3 and T4 and requiring an increase in thyroid 
hormone production to maintain normal unbound 
thyroid hormone levels. Additionally, in early gestation, 

the thyroid gland is stimulated not only by TSH but 
by the alpha subunit of human chorionic gonadotropin 
(hCG), which also binds to and stimulates the TSH 
receptor2.  

Also there is significant increase in renal clearance 
of iodide because of increased maternal glomerular 
filtration rate3 during pregnancy and Urine iodine 
excretion being a passive process is dependent on 
glomerular filtration rate (GFR)4. Fetal thyroid is 
capable of organifying iodine by approximately the 20th 
week of gestation. Before this the maternal T4  traverse 
the placenta in small amounts to meet the metabolic 
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needs of the fetus and even after the fetal thyroid gland 
function is established, the fetal iodine requirement 
depends exclusively on maternal intake.

These hormonal changes and metabolic demands 

require an increase in thyroid hormone production that 
depends directly upon the availability of iodine and 
consequently requirements of iodine are increased to 
maintain normal metabolism. When dietary iodine is 
lacking it results in impaired thyroid hormone synthesis 
and an adequate physiological adaptation is difficult to 
achieve and is progressively replaced by pathological 
alterations that occur in parallel with the degree and 
duration of iodine deficiency.

Thyroid hormones are also a key regulator in the 
process of early growth and development of most organs, 
especially of the brain, which occurs in humans during 
fetal and early postnatal life. They affect brain maturation 
through specific effects on cell differentiation and play 
an essential role in neuronal migration, myelination, 
synaptic transmission and plasticity5,6. Therefore severe 
iodine deficiency during this critical period, may result 
in adverse effects on the fetus including congenital 
anomalies, decreased intelligence, and neurological 
cretinism7. Even mild to moderate iodine deficiency 
during pregnancy can result in mild intellectual blunting 
that may go unrecognised or may present with attention 
deficit hyperactivity disorders in offspring. 

Severe maternal iodine deficiency in pregnancy 
is associated with poor obstetric outcomes including 
spontaneous abortion, prematurity, and stillbirth7. So, 
maternal Iodine status remains critical for optimal 
development of the fetus and to prevent adverse 
maternal and neonatal outcomes which are generally 
irreversible but preventable. Monitoring of adequacy of 
iodine nutrition of school-age children or non pregnant 
women may not indicate adequate iodine nutrition 
among pregnant women and they should be directly 
monitored.

The World Health Organization8 recently increased 
their recommended iodine intake during pregnancy from 
200 to 250 µg/d. The American Thyroid Association9 
(ATA) recommends a supplement of 150μg iodine/ 
day during pregnancy and lactation in addition to the 
use of iodised salt. Though there are limited studies 
specific to the iodine status of pregnant women in India 
but the weighted results from those available suggest 

inadequate intake.

MATERIALS AND METHOD

An Observational, Cross sectional study was done in 
180 subjects. Normal healthy pregnant women attending 
antenatal outpatient department of Government 
Maternity Hospital in their first and third trimesters and 
without any disease or pregnancy related complications 
were included. Those with any chronic disease or any 
thyroid disorder or on iodine supplementation or any 
pregnancy related complication were excluded. Age 
matched non pregnant women were taken as controls. 
The study subjects were divided into three groups of 60 
each.

Institutional Ethics committee approval was obtained 
prior to study. Informed written consent was taken from 
the subjects. The study included a questionnaire by 
which their personal information, obstetric history, 
history of any chronic illness or thyroid disorders, use 
of supplements and dietary habits were documented. For 
assessment of iodine nutrition status they were evaluated 
clinically for the presence of goitre and urine samples 
were collected for the determination of UIC and blood 
samples were collected by venipuncture to determine 
Serum TSH levels.

 Measurement of urinary iodine is the most 
common and universally accepted measure to monitor 
dietary iodine intake. The World Health Organization 
(WHO)/International Council for the Control of Iodine 
Deficiency Disorders/United Nations Children’s Fund 
(UNICEF) recommend median UIC as the primary tool 
for assessment of iodine status in pregnant populations7. 
Because serum TSH is determined mainly by the level 
of circulating thyroid hormone, which in turn reflects 
iodine intake, TSH can be used as an indicator of iodine 
nutrition. 

The iodine in the urine was measured by a 
modification of the traditional colorimetric method 
using ammonium persulphate of Sandell and Kolthoff10. 
The cut off values for iodine nutrition sufficiency for 
the studied indicators as defined by WHO/UNICEF/
ICCIDD guidelines were used11. Estimation of serum 
TSH levels was done in the hospital laboratory using 
ELISA method by a commercially available kit. The 
limits of detection were first trimester- 0.3 to 4.5 μlU/ml, 
second trimester - 0.5 to 4.6 μlU/ml and third trimester 
- 0.8 to 5.2 μlU/m.
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Figure-2 -Figure-1 - 

Statistical Analysis - Quantitative variables were 
described as Mean ± SD and qualitative variables 
as frequency percentages (Tables 1 - 2). Statistical 
analysis was performed using Statistical Package for 
Social Sciences (SPSS Inc., Chicago, USA) software 
version 18.0. for windows. The data was analysed 
by One Way Analysis of Variance (ANOVA) /Welch/ 

Brown-Forsythe test after testing for the significance 
of Levene’s test of Homogeneity of variances. Multiple 
comparisons were done by Tukey’s HSD and Tamhane’s 
Post Hoc tests. P values less than 0.05 were considered 
statistically significant. Pearsons Correlation coefficient 
was computed to assess correlation between UIC 
and serum TSH levels. P values less than 0.01 were 
considered statistically significant.

RESULTS   

On clinical examination none of the subjects were found to have goitre.

Table-1 - Shows the Mean ± SD and Median values of demographic characteristics [Age and Weight] and 
biochemical parameters [UIC and Serum TSH] of all the three study groups.

GROUPS Number of 
Subjects

Age (years)
Mean ± SD
(Median)

Weight (kg)
Mean ± SD
(Median) 

Urinary Iodine 
Concentration (µg/L)
Mean ± SD
(Median) 

Serum TSH (µIU/
ml)
Mean ± SD)
(Median) 

Pregnant women 
(first trimester) 60 22.88 ± 2.75

(22)
55.57 ± 3.08
(56)

159.17 ± 23.37
(164)

0.75 ± 0.42
(0.65)

Pregnant women 
(third trimester) 60 23.28 ± 2.62

(23)
65.87 ± 3.63
(66)

132.08 ± 39.90
(152)

2.80 ± 1.53
(2.45)

Control 60 23.17 ± 2.57
(23)

55.67 ± 2.97
(56)

145.02 ± 16.92
(145)

0.63 ± 0.21
(0.60)

Table - 2 - Depicts the distribution of urinary iodine concentration among the three groups based on 
median UIC11.

GROUPS Number of 
Subjects

Mild
*(50 – 99 μg/l)
(50 – 149 μg/l)
Number of 
subjects (%)

Moderate
(20 – 49 μg/l)

Number of 
subjects (%)

Severe
(< 20μg/l)

Number of 
subjects (%)

Sufficient 
*(100 – 199 μg/l)
(150 – 249 μg/l)
Number of 
subjects (%)

Pregnant women 
(first trimester) 60 5 (8.33) 1 (1.66) - 54 (90)

Pregnant women 
(third trimester) 60 19 (31.66) 2 (3.33) 2 (3.33) 37 (61.66)

*Control 60 1 (1.66) - - 59 (98.33)



        238        International Journal of Physiology, July-December 2017, Vol. 5, No. 2     International Journal of Physiology, July-December 2017, Vol. 5, No. 2            239         

Frequency distribution of UIC in all the three 
groups. Frequency distribution of TSH levels in all the 
three groups.

The results obtained showed that the Mean ± SD 
and Median values of Urine Iodine Concentration in 
third trimester pregnant women were less compared to 
first trimester pregnant women and the values in first 
trimester pregnant women were raised compared to 
controls. ANOVA showed these differences to be highly 
significant (0.000). 

The results have also shown that the Mean ± SD and 
Median values of serum TSH in third trimester pregnant 
women were high compared to those of first trimester 
pregnant women and non pregnant women. ANOVA 
showed these differences to be highly significant 
(0.000). Correlation between UIC and serum TSH was 
done by Pearson’s correlation. They were found to be 
negatively correlated and the correlation was highly 
significant (0.000).

DISCUSSION 

Pregnancy is associated with changes in thyroid 
physiology due to a complex combination of factors 
specific to the pregnant state and represents a major 
stress on maternal iodine homeostasis leading to an 
increased requirement of iodine. Adequate dietary iodine 
intake during pregnancy is essential to prevent adverse 
maternal and neonatal outcomes. The aim of the present 
study was to assess iodine nutrition status of pregnant 
women and to compare it with healthy non pregnant 
women. Urinary Iodine Concentration (UIC) and serum 
TSH levels were determined in all the subjects. 

The study documented  the impact of different 
stages of gestation on UIC. The lower Mean ± SD and 
Median values of UIC in third trimester pregnant women 
compared to first trimester pregnant women suggest 
decreasing levels of UIC with advancing gestation. 
The results are consistent with the earlier studies done 
by others12,13. The GFR related increased renal iodide 
loss, increased thyroidal iodine uptake as well as the 
iodine shift from the maternal circulation to the growing 
fetus may lead to  depletion of total body iodine stores, 
which if not compensated by adequate dietary iodine 
is represented by continuous decrease of UIC over the 
course of pregnancy.

The raised Mean ± SD and Median values of 

Urine Iodine excretion in first trimester pregnant 
women compared to controls could be due to increased 
glomerular filtration rate, causing increased renal iodine 
clearance during early gestation. The findings are 
consistent with other studies done in other parts of the 
world14,15. 

The significantly high Mean ± SD and Median 
values of serum TSH in third trimester pregnant women 
compared to those of first trimester pregnant women and 
non pregnant women suggest thyroidal stimulation. The 
study brings to notice that thyroid function testing early 
in gestation as advised routinely is only partly effective 
in identifying thyroid dysfunction in pregnant women, 
because maternal thyroid function may be effected even 
later in gestation and inadequate iodine intake may go 
unnoticed.

The study elucidated the pregnancy related changes 
in the iodine metabolism and thyroid function in pregnant 
women and also documented the correlation between 
maternal thyroid function in relation to maternal iodine 
status during the course of pregnancy and found it to 
be negatively correlated and the correlation was found 
to be significant. These changes reflect the possible 
iodine deficiency and the consequent low thyroidal 
activity during normal pregnancy indicated by relative 
hypothyroidism. 

The study was done to know the prevalence of 
iodine deficiency in pregnant women and to compare 
their iodine status with non pregnant women living in the 
same area. The data suggest that the control population 
has no iodine deficiency as 98.33% of them were found 
to have optimal iodine nutrition. As the study group is 
also taken from the same area, the control group could be 
a representative of the prepregnant state of the pregnant 
women retrospectively as on clinical examination also 
none of the subjects were found to have goitre, an 
indicator of long term iodine deficiency, thus ruling out 
the possibility of any geographical influence or use of 
non iodized salt as the cause of iodine deficiency.

 In this study the percentage of pregnant women 
falling below the recommended criteria of iodine 
sufficiency of >150 µg/L, increased from 10% in first 
trimester to 38.33 % in third trimester reflecting iodine 
intake to be inadequate to meet the increasing demands. 
This study is complementary to the similar studies done 
on iodine status done in other parts of the world and in 
India16.
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CONCLUSION 

Stratification by gestation, revealed a dynamic 
relationship between ioduria and gestation. Median 
UIC was elevated in early pregnancy due to increased 
glomerular filtration rate and subsequently declined as 
the gestation period increased reflecting physiological 
alterations in normal pregnancy leading to depletion 
of total body iodine stores not been compensated by 
adequate dietary iodine ingestion. 

The use of the same standard reference criteria for 
assessment of iodine nutrition based on the median UIC 
for all the three trimesters is inappropriate and gestation 
specific UIC reference intervals are required to classify 
iodine nutrition during pregnancy. 

The findings of the present study emphasize the 
importance of monitoring and recommend routine 
evaluation of the iodine status of pregnant women to 
be made mandatory as a part of antenatal care to plan 
and evaluate adequate timely interventions either in 
the form of specific dietary care or therapeutic iodine 
supplementation to meet the increased demand of iodine 
as a result of the pregnancy. Trimester-specific changes 
in maternal thyroid hormone and TSH during gestation 
suggest that their measurement to be done in each 
trimester. 

Considering the fact that salt fortification of iodine 
alone may not be sufficient to meet the increased 
iodine requirement during pregnancy, there is a need 
to explore alternate methods. This study points out 
the potential role of iodine supplementation to ensure 
adequate thyroid hormone levels in all pregnant women. 
The study can be done on a larger sample size and 
complemented by measuring T3, T4 and Thyroglobulin 
levels for improving objectivity of tests.
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ABSTRACT

Aims and Objectives: This study was conducted to assesss  the quality  of sleep among undergraduate medical 
students.

Materials and Method: This work is a cross-sectional questionnaire-based study  conducted  at VIMS , Pawapuri  
during the month of Januaury in 2017 .The  participants in this study were 307 undergraduate  M.B.B.S students 
of the 1st,2nd ,3nd ,3nd rd  and 4rd  and 4rd th academic year of this college . A self-administered questionnaires were distributed to  
the students which collected information regarding participants’age, gender,habitat ,physical activity ,body mass 
index, addictions,  year of study, residence and background , Pittsburg sleep quality index (PSQI) score and 
Epworth  sleepiness scale .

Result  A total of 307 responses  with a rate of 80% were obtained . According to the PSQI score, 67.42% of 
participants were considered to have abnormal sleep quality , with a statistically significant increase in female 
students (P < 0.05)  and those having  daytime sleepiness  (ESS >10) (P<.0001).

Conclusions: A  very high prevalence of poor sleep quality was found among the medical students  specifically 
among female students.  There was a significant relationship of abnormal PSQI scores with  female students (P < 
0.05) and those having daytime sleepiness (P<.0001).
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INTRODUCTION

Sleep is serves a restorative homeostatic function and 
appears to be crucial for normal thermoregulation and 
energy conservation (1). Sleep deprivation and symptoms 
related to sleep disorders have not only been ignored 
but also inadequately understood. The prevalence of 
sleep disorders in the general population has been 
estimated to be 15% -- 35% 2,3.. Medical students are 
especially vulnerable to poor sleep, perhaps due to the 
long duration and high intensity of study, clinical duties 
that include overnight on-call duties, work that can be 

emotionally challenging, and lifestyle choices(.4)

Research on sleep disturbances in undergraduate 
medical students is of particular interest because of the 
known relationship between sleep and mental health(5)

and the concern that the academic demands of medical 
training can cause significant stress.(6,7). A large body of 
evidence supports the notion that good quality sleep is 
important for optimal neurocognitive and psychomotor 
performance as well as physical and mental health.(8) 

Many factors determine sleep quality, and some of 
the important ones are age,gender, habitat, body mass 
index (BMI), physical activity or sports, smoking,(9). 
Recent studies have demonstrated that the sleep–wake 
cycle of medical students is characterized by insufficient 
sleep duration, delayed sleep onset, and occurrence of 
napping episodes during the day(10, 11) which has been 
found to affect cognitive function in medical students(12).

DOI Number: 10.5958/2320-608X.2017.00094.4 
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Moreover, multiple studies have indicated a high 
correlation between sleep duration and performance in 
some activities and in subjective alertness (13, 14)..

Despite inherent importance of sleep, there is limited 
information about sleep behavior and sleep disturbances 
in  medical college students(15).This study was designed 
to assess the quality of sleep  among the undergraduate  
medical students.

METHODOLOGY

STUDY DESIGN 

This cross-sectional study was conducted  at VIMS 
in Pawapuri during the month of Januaury in 2017 
.The  participants in this study were 307 undergraduate  
M.B.B.S students of the 1st,2nd ,3rd  and 4th academic year 
of this college . Among them, 72 were female and 235  
were male. Students who were willing to participate 
were given a brief description about the study and 
its aims & objectives. Verbal consent of each student 
was taken and were assured about the confidentiality 
. Students  with chronic diseases or sleep disorders 
were excluded . The ethics committee of the institute 
approved the study. Recruitment and collection of data 
continued for four weeks in the month of January  A 
self-administered questionnaires were distributed to  
the students which collected information regarding 
participants’age, gender,habitat ,physical activity ,body 
mass index, addictions,  year of study, residence and 
background , Pittsburg quality of sleep index (PQSI) 
score and Epworth daytime sleepiness scale (ESS).The 
recruitment and collection process was carried out 
under the supervision of the authors and the help of 
10 previously trained senior medical students . After 
completion, the questionnaires were collected from the 
students  and the incomplete ones were removed from 
the study. 

The analysis was performed using Graphpad instat 
prism 6. T-test was then used for processing quantitative 
information and chisquare test for the qualitative 
information.    Statistical significance was accepted at 
P<0.05. .

Instrumental tools used in the study

Pittsburg Sleep quality Index (PSQI)16 It is a 
self report instrument to assess the quality of sleep.  
The Pittsburgh sleep quality index (PSQI), a self-rated 

questionnaire that assesses sleep quality over a time 
interval was adopted in the survey. Seven properties of 
sleep were evaluated by this questionnaire:

1. Sleep quality of the individual

2. Time it takes for an individual to sleep

3. Duration of sleep

4. Sleep efficiency

5. Bedtime problems

6. Use of sleeping medication

7. Impairment in daily functioning

The scores for each question range from 0 to 3, with 
0 indicating the highest sleep quality and 3 indicating the 
lowest one. The seven component scores are then added 
to yield a global PSQI score in the range of 0 to 21; the 
higher the score is, the worse the sleep quality. A global 
score equal or greater than 5 indicates poor sleep quality 
in the past month.

Epworth  Sleepiness Scale (ESS)17: It is a scale 
intended to measure daytime sleepiness that is measured 
by use of a very short questionnaire. This can be helpful 
in diagnosing sleep disorders. It was introduced in 1991 
by Dr. Murray Johns of Epworth Hospital in Melbourne, 
Australia. The questionnaire asks the subject to rate 
his or her probability of falling asleep on a scale of 
increasing probability from 0 to 3 for eight different 
situations. The scores for the eight questions are added 
together to obtain a single number. A number in the 0-9 
range is considered to be normal while the numbers 10 
and 11 are border line and 12-24 range indicates that 
expert medical advice should be sought.

RESULT 

A total of 307 responses  were obtained  of which 
67.42 % were considered poor sleepers. The mean age 
of the participants, which ranged from 17 to 24 years, 
was 20.54 . Among this population, 235 (76.54%) were 
male and 72 (23.45%) were female. The students were 
distributed among the four  academic years. Daily 
sleeping hours of 4 - 6 hours were reported by 213 (69.38 
%) of the participants and 7 - 10 hours by 66 (21.49%). 
A small numbers of students 28(9.12%) slept less than 4 
hours or more than 10 hours . Among the students, 100 
(32.54%) had normal PSQI scores and  207 (67.42%) 
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had PSQI > 5 scores.indicating poor quality.

Daytime sleepiness was assessed using the ESS. The 
ESS is a standardized validated subjective way to assess 
daytime sleepiness. 193 students had ESS <10 while 
114  (37%) students had ESS >10 indicating increased 
daytime sleepiness among them.

Table 1 presents the complete demographic 
characteristics and other study variables.Table 2 presents 
the analysis of the study variables with PSQI scores. A 
multivariate analysis of sleep disturbance and other  
study variables revealed that girls had poorer sleep 
quality than boys. sleep quality also had a significant 
relationship with , habitat,  sleeping hours  and daytime 
sleepiness .  The prevalence of sleep disorders was  
higher among day scholars (90.1%)   as compared 
to  those who lived  in the hostel .Sleep quality was 
significantly poor among students having  ESS>10. 
114 students had daytime sleepiness of which 91.2% 
had poor quality which was very significant (p<.0001 
).However sleep quality was not significantly associated 
with the  academic year and the body mass index of the 
students .

Table 1:  Demographic Characteristics and 
Other Variables of the Study Population

Variables NO(%)
GENDER MALE 235 (76.5)

FEMALE 72 (23.4)
Academic year

FIRST 90(29.3)
SECOND 72(23.4)
THIRD 61 (19.9)
FOURTH 84 (27.4)

HABITAT
HOSTEL 274 (89.3)
HOME 33 (10.7)

BMI
<18.5 61(19.9)
18.5-24.9 135 (44)
25- 29.9 73 (23.8)
>30 38 (12.4)

SLEEP HOURS
4-6 213 (69.4)
7-10 66 (21.5)
OTHERS 28 (9.1)

PSQI
<5 (NORMAL) 100 (32.6)
≥ 5 (ABNORMAL) 207(67.4)

ESS
<10(NORMAL) 193 (62.9)

≥10 (ABNORMAL) 114 (37.1)

Table 2. Analysis of PSQI Scores With Other Study Variables

VARIABLES PQSI < 5 PQSI ≥ 5 TOTAL P VALUE

SEX <.05

MALE 84 (35.74) 151(64.26) 235

FEMALE 16 (22.22) 56(77.77) 72

ACADEMIC YEAR >.05

FIRST 24 (26.66) 66 (73.33) 90

SECOND 29 (40.28) 43(59.72) 72

THIRD 28(45.90) 33 (54.1) 61

FOURTH 19(22.62) 65(77.38) 84

HABITAT <.05

HOSTEL 97 (35.4) 177 (64.5) 274

HOME 3 (9.1) 30 (90.1) 33

BMI >.05
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< 18.5 21(34.4) 40 (65.6) 61

18.5 – 24.9 36(26.7) 99 (73.3) 135

25 – 29.9 27 (37 ) 46 (63) 73

>30 19 (50) 19 (50) 38

SLEEP HOURS(in hrs) <.05

4-6 55 (25.8) 158 (74.2) 213

7 -10 28 (42.4) 38 (57.6) 66

OTHERS 17(60.7) 11 (39.3) 28

ESS <.0001

<10 (NORMAL) 90 (46.6) 103 (53.4) 193

>10
(ABNORMAL) 10 (8.8) 104 (91.2) 114

Cont... Table 2. Analysis of PSQI Scores With Other Study Variables

DISCUSSION 

In  the present  study , decreased sleep quality was 
found to be  very common among medical students 
as  235(67.42%)  students reported poor sleep quality. 
These findings agree with those of a study conducted on 
medical students demonstrating that 38.9% of students 
had poor sleep quality according to the PSQI (18). A high 
percentage of respondents i.e > 213 (72%) got less than 
7 hrs  of sleep per night. .Similar findings were shown  
wali et al  (19) and another  studies in Iran(20) 

Sleep deprivation is associated with a variety of 
adverse consequences and can result in significant 
changes in cognitive functioning, short-term memory 
and concentration. (21). Medical students suffer high 
level of stress due to academic demands.  Stress 
associated with insufficient sleep and excessive daytime 
sleepiness can result in lower academic performance (22)  
compromised learning, impaired mood, and increased 
risk of motor vehicle accidents. It may  also  lead to 
difficulties in interpersonal relationship, depression, 
anxiety, and alcohol and drug abuse.(23,24 ) 

 Daytime sleepiness was assessed using the ESS. 
Our analysis showed that 114 (37%) respondents had 
ESS score >10 indicating daytime sleepiness of which 
91.2% had poor sleep quality and it was  very significant  
which concurs with the findings published previously 
by Wali et al (19 ) and BaHammam ( 15)  .  People with 
daytime sleepiness because  of insomnia have lower 

self-esteem and are three times as likely to be involved 
in road accidents as their well-rested counterparts 
(Garbarino et al., 2002).(25)

In the current study, several factors such as 
gender, habitat, sleep hours, and daytime sleepiness 
were associated with sleeping disorder among medical 
students. Our results were consistent with the findings 
of Nojomi et al. (26). These risk factors, aside from 
socioeconomic status, life habits, and psychological 
factors, were also demonstrated for sleep disorders in 
other studies (6,).

The results of the present study revealed that female 
medical students have a higher prevalence of sleep 
disorder than males,which is in contrast to the findings 
of PA Giri et al (8 ). Ghanizadeh et al.(27) revealed that the 
mean duration of night sleep in high school students 
in Iran is not different between genders. However it is 
consistent with the study of Keshavarz Akhlaghi and 
Ghalebandi conducted among pre-university students in 
Karaj, Iran (20) 

It was interesting to note that day scholars had 
more sleep problems  than the hostellites. This has been 
attributed primarily to the commuting between college 
and their residences. A feeling of inadequacy in fulfilling 
family commitments can also be attributed to the higher 
stress levels in day scholars. 

As medical colleges strive to provide the optimal 
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learning environment to students, more attention needs 
to be directed towards improvement of students’ quality 
of life. Medical schools should build reforms in medical 
education and provide recreation centers in order to 
minimize the stress among students.This can be achieved 
by establishing counselling facilities that can serve those 
with physical and psychological difficulties.Medical 
students, on the other hand, would also have to identify 
their problems and seek for an advice from the faculty in 
order to find solutions for it. 

The main limitations of the study  is that it is  based 
only on subjective assessment by the respondent. False 
information may be provided by students answering 
the questionnaires, and students may also be unable to 
understand or may misinterpret the questions. Moreover, 
the respondents may not have considered a few nights of 
sleep difficulty due to stress to be equivalent to insomnia 
or to a persistent sleep disturbance. 

CONCLUSIONS

This study reveals a high prevalence of poor 
sleep quality among medical students.Therefore, 
undergraduate medical students should be educated 
about the importance of adequate sleep to their academic 
performance. The need for further local research on 
students’ sleep is clear. Research in particular should 
examine factors that may affect the quality and 
quantity of students’ sleep and its effects on academic 
achievements and solutions that will help students 
combat sleep difficulties and avert  the deleterious 
effects of sleep deprivation. .

Conflict of Interest:  None

Ethical Clearance:  Taken

Source of Funding:  Self

REFRENCE

1. Kaplan HI, Sadock BJ. Synopsis of Psychiatry. 8th 
ed. Baltimore (MD): Williams and Wilkins 1998. 
p. 737-741

2.  OhayonMM,Guilleminault C. Epidemiology 
of sleep disorders. Sleep: A Comprehensive 
Handbook. Hoboken, New Jersey: Wiley-Liss; 
2006.

3.  Foley DJ, Monjan AA, Brown SL, Simonsick 
EM,Wallace RB, Blazer DG. Sleep complaints 

among elderly persons: an epidemiologic study 
of three communities. Sleep. 1995;18(6):425–32. 
[PubMed: 7481413]

4. Wong JGWS, Patil NG, Beh SL, et al. Cultivating 
psychological well-being in Hong Kong’s future 
doctors. Med Teach. 2005;27:715–9. [PubMed]

5. Kim EJ, Dimsdale JE. The effect of psychosocial 
stress on sleep: a review of polysomnographic 
evidence. Behav Sleep Med. 2007;5:256–
78. [PMC free article][PubMed]

6. Abdulghani HM, Alrowais NA, Bin-Saad NS, Al-
Subaie NM, Haji AM, Alhaqwi AI. Sleep disorder 
among medical students: relationship to their 
academic performance. Med Teach. 2012;34(Suppl 
1):S37–41. [PubMed]

7. Palatty PL, Fernandes E, Suresh S, Baliga MS. 
Comparison of sleep pattern between medical and 
law students. Sleep Hypn. 2011;13:1–2.

8. Giri P, Baviskar M, Phalke D. Study of sleep 
habits and sleep problems among medical students 
of Pravara Institute of Medical Sciences Loni, 
Western Maharashtra, India. Ann Med Health Sci 
Res. 2013;3:51–4. [PMC free article] [PubMed]

9. Haseli-Mashhadi N, Dadd T, Pan A, Yu Z, Lin 
X, Franco OH. Sleep quality in middle-aged and 
elderly Chinese: distribution, associated factors 
and associations with cardio-metabolic risk 
factors. BMC Public Health. 2009;9:130. doi: 
10.1186/1471-2458-9-130. [PubMed: 19426521].

10.  Ng EP, Ng DK, Chan CH. Sleep duration, wake/
sleep symptoms, and academic performance in 
Hong Kong Secondary School Children. Sleep 
Breath. 2009;13(4):357–67. doi: 10.1007/s11325-
009-0255-5. [PubMed: 19377905].

11.  Sweileh WM, Ali IA, Sawalha AF, Abu-Taha 
AS, Zyoud SH, Al-Jabi SW. Sleep habits and 
sleep problems among Palestinian students. Child 
Adolesc Psychiatry Ment Health. 2011;5(1):
25. doi: 10.1186/1753-2000-5-25. [PubMed: 
21762479].

12.  Roth T, Zammit G, Kushida C, Doghramji K, 
Mathias SD, Wong JM, et al. A new questionnaire 
to detect sleep disorders. Sleep Med. 2002;3(2):
99–108. [PubMed:14592227].

13.  Cronin AJ, Keifer JC, Davies MF, King TS, Bixler 
EO. Postoperative sleep disturbance: influences of 



        246        International Journal of Physiology, July-December 2017, Vol. 5, No. 2     International Journal of Physiology, July-December 2017, Vol. 5, No. 2            247         

opioids and pain in humans. Sleep. 2001;24(1):
39–44. [PubMed: 11204052].

14.  Bazil CW. Epilepsy and sleep disturbance. Epilepsy 
Behav. 2003;4:39–45.

15.  BaHammam A. Sleep pattern, daytime sleepiness 
and eating habits during the month of Ramadan. 
Sleep and Hypnosis 2003; 5: 165-172.

16.  Buysse DJ, Reynolds CF, Monk TH, Berman SR, 
Kupfer DJ. The Pittsburg sleep quality index: A 
new instrument for psychiatric practice and researc
h. PsychiastryRes. 1989;28:193–213. [PubMed]

17. Johns MW. A new method for measuring 
daytime sleepiness: The Epworth sleepiness 
scale. Sleep. 1991;14:540–5. [PubMed] 

18.  Medeiros ALD, Mendes DBF, Lima PF, Araujo JF. 
The Relationships  between Sleep-Wake Cycle and 
Academic Performance in Medical Students. Biol 
Rhythm Res. 2003;32(2):263–70. doi: 10.1076/
brhm.32.2.263.1359

19.  Wali SO, Krayem AB, Sammam YS, Mirdad S, 
Alshimemeri AA, Almobaireek A. Sleep disorders 
in Saudi health care workers. Ann Saudi Med 
1999; 19: 406-409.

20.  Keshavarz Akhlaghi AA, Ghalebandi MF. Sleep 
quality and its correlation with general health 
in pre-university students of Karaj, Iran. Iran J 
Psychiatr Behav Sci. 2009;3(1):44–9.

21.  Johnson LC. Sleep deprivation and performance. 
In: Biological Rhythms, Sleep and Performance. 
Webb WB editor. New York (NY): John Wiley and 
Sons; 1982. p. 111-142 

22 .  Lack LC. Delayed sleep and sleep loss in university 
students. J Am Coll Health 1986; 35: 105-110.

23.  Jean-Louis G, Von Gizycky H, Zizi F, Nunes J. 
Mood states and sleepiness in college students: 
Influences of age, sex, habitual sleep and 
substance use. Percept Mot Skills. 1998;87:507–
12.[PubMed]

24 .  Santibanez I. Estudo de habitos normais e 
patologicos de sono e vigilia de estudantes 
de medicina: Estudo de prevalencia. J Bras 
Psiq. 1994;43:33–7.

25.  Garbarino S, De Carli F, Nobili L,Mascialino B, 
Squarcia S, Penco MA, Beelke M, Ferrilla F. 2002. 
Sleepiness and sleep disorders in shift workers: a 
study on a group of Italian police officers. Sleep 
25(6):648–653.

26. Nojomi M, Ghalhe Bandi MF, Kaffashi S. Sleep 
pattern in medical students and residents. Arch Iran 
Med. 2009;12(6):542–9. [PubMed: 19877745]

27.  Ghanizadeh A, Kianpoor M, Rezaei M, Rezaei H, 
Moini R, Aghakhani K, et al. Sleep patterns and 
habits in high school students in Iran. Ann Gen 
Psychiatry. 2008;7:5. doi: 10.1186/1744-859X-7-
5. [PubMed:18339201]



International Journal of Physiology, July-December 2017, Vol. 5, No. 2            249         

Effect of Smoking on Breath Holding Time

Sukanya Badami1, Baragundi Mahesh C2   
1Assistant Professor, Dept. of Physiology, 2Professor and HOD, Dept. of Microbiology, 

Gadag Institute of Medical Sciences, Gadag, Karnataka

ABSTRACT

Introduction- Breath holding time (BHT) may be considered as one of the indicators of efficiency of breathing 
function. Tobacco smoking is highly prevalent throughout the world Smoking tobacco causes impairment of lung 
functions. Hence the present study was done to know the effect of smoking on BHT among healthy males.

Methodology- Study was conducted on 47 apparently healthy male smokers and 47 healthy non smokers between 
the age group of 20-50yrs. The subject was instructed to hold his breath by pinching the nose with thumb and 
index finger as long as possible at the end of deep inspiration. The breaking point time was noted in seconds using 
a stop watch.

Results - The mean breath holding time among smokers was 34.85 seconds, whereas the mean breath holding 
time was 46.61 seconds among non smokers.

Conclusion - The present study showed that BHT was lower among smokers than non-smokers and the difference 
was statistically highly significant.

Keywords – Breath holding time, Smoker, Tobacco.

INTRODUCTION

There are several pulmonary function tests available 
to assess the respiratory functions of an individual. 
Breath holding time (BHT) is one of them and can 
be applied easily, even in field settings to assess the 
pulmonary function. BHT is defined as the time taken by 
the subject to hold his breath as long as he can. Normal 
voluntary BHT is 45 – 55 seconds. 1

The point at which breathing can no longer be 
voluntarily inhibited is called the breaking point. It is 
due to increased arterial pCO2  and decreased arterial 
pO2. 

2 

Breath-holding induces the dyspneic sensation, 
and BHT gives information about overall efficiency 
of respiratory system to sustain dyspnea. In normal 
individuals, breath holding at functional residual 
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capacity, initially there is no sensation for about 15 
– 20 sec where oxygen in the residual volume is used 
to maintain pO2 level of arterial blood. When all oxygen 
is used the pO2 in arterial blood falls gradually inducing 
dyspneic sensation. Dyspneic sensation increases until 
the person can no longer hold his breath voluntarily. This 
point is defined as breaking point of breath holding. The 
measurement of the period of no respiratory sensation 
provides us with information about the threshold of 
dyspneic sensation whereas the measurement of the 
total breath-holding time is a behavioral measure of 
the tolerable limit of dyspneic sensation.3 The breath 
holding time varies from person to person and with 
different environmental conditions.4 

Prevalence of smoking is very high throughout 
the world and India is no exception. Smoking tobacco 
causes irritation of the respiratory tract which in turn 
causes hypertrophy of mucosal cells resulting in 
increased secretion of mucus and formation of mucosal 
plugs, which leads to impairment of lung functions.5

Literature search revealed that there are very few 
studies on effect of smoking on BHT. Hence the present 
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study was done to know the effect of smoking on BHT 
among healthy males.

MATERIALS AND METHOD

Study was conducted on 47 apparently healthy male 
smokers and 47 healthy non smokers between the age 
group of 20-50yrs. Ethical clearance was obtained by 
Institutional ethical committee. Informed consent was 
taken from subjects after explaining the purpose and 
procedure size of the study.

Inclusion criteria: 

Cases – Healthy male subjects with a history of 
smoking for more than one year and those who smoke 
five or more than five cigarettes per day. 

Controls- healthy male subjects with no past, present 
or passive history of smoking.

Exclusion criteria: 

1. Female subjects to avoid sex bias.

2.  Subjects with any illness and those who are 
exposed to dust or fumes occupationally.

3. Subjects having allergic, endocrine, 
neuromuscular, musculoskeletal disorders etc. which are 
likely to affect respiratory function. 

Breath holding time was recorded after a period 
of rest for 10 minutes in morning hours between 11 

– 12 pm to avoid any diurnal variation. The subject was 
instructed to hold his breath by pinching the nose with 
thumb and index finger as long as possible at the end of 
deep inspiration. The breaking point time was noted in 
seconds using a stop watch. The procedure was repeated 
three times at 5 minutes interval. The highest of the three 
readings was taken.

Statistical analysis was done by calculating mean 
breath holding time and standard deviation. Statistical 
significance was calculated by unpaired t test using 
SPSS software. 

RESULTS

Table-1 shows, the comparison of anthropometric 
parameters between smokers and non-smokers. The 
mean ± 2SD age of smokers was 36.77 ± 11.02, while 
that of non-smokers was 38.61 ± 12.10. The P value was 
more than 0.05 indicating that the difference in mean age 
between smokers and non-smokers was statistically not 
significant. 

Similarly the mean ± 2SD for height was 165.04 
±12.16 among smokers and 164.29±10.64 among 
non-smokers. Again the difference in mean height 
between smokers and non-smokers was statistically not 
significant.

The mean ± 2SD for weight was 61.04 ± 16.34 
among smokers and 68.31±15.20. The difference was 
statistically significant. Non-smokers had more weight 
than smokers.

 Table-1: Anthropometric parameters of smokers and non-smokers.

Parameters Smokers
Mean±2SD

Non-smokers
Mean±2SD t- statistic P value

Age (yrs) 36.77 ±10.02 38.61±12.10 -1.5499 0.1246,      >0.05

Height (cms) 165.04±12.16 164.29±10.64 0.6314 0.5294,     >0.05

Weight (Kgs) 61.04±16.34 68.31±15.26 -4.4688 0.000,      <0.001

Table-2 shows, that the mean breath holding time among smokers was 34.85 seconds, whereas the mean breath 
holding time was 46.61 seconds among non smokers. Smokers had a shorter BHT when compared to non smokers. 
When the difference was analyzed using t test, the difference was found to be statistically highly significant ( 
P<0.001).
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Table-2: Mean ±SD of breath holding time among Smokers and Non- smokers

Group No. Breath holding time. Mean 
± 1SD t- statistic P value

Smokers 47 34.85 ± 11.22
-8.1311 0.000,  <0.001

Non – Smokers 47 46.61 ± 16.36

DISCUSSION

Breath holding test is used as a rough Index of 
Cardiopulmonary Reserve.6 BHT is dependent on the 
volume of oxygen at the beginning of the test i.e., 
on functional residual capacity and also on diffusing 
capacity of lungs in a particular individual. Respiratory 
centers control respiration by sensing pCO2 and pO2 
levels in the blood. An increase in pCO2 or decrease 
in pO2 stimulates respiration.7 The Breaking point is 
generally reached when alveolar pO2 drops to 56mmHg 
and alveolar pCO2 rises above 49 mmHg.1  The time 
taken to reach breaking point decides the BHT. Maximal 
BHT is used in Respiratory physiology as a measure of 
ventilator response. 7,8,9 

The present study showed that BHT was lower 
among smokers than non-smokers and the difference 
was statistically highly significant.

Similar to the present study low BHT values were 
observed in smokers when compared to non-smokers in 
a study by Sudha et.al in 2012.10 Similarly lower values 
of BHT were recorded in smokers exposed to dust and 
fumes when compared to non-smokers in a study by 
Mhase VT et.al in 2002.11 Study by Zvolensky MJ has 
revealed that breath holding time was longer in sustained 
smoking quitters. 12 

Tobacco smoking is highly prevalent throughout the 
world and India is no exception. Smoking causes loss 
of cilia of respiratory tract, mucus gland hyperplasia, 
converts pseudostratstified ciliated epithelium to 
squamous metaplasia, carcinoma, smooth muscle 
hypertrophy, inflammation, peribronchiolar fibrosis, 
alteration in alveoli etc.13 Numerous studies have shown 
that smokers have about 6 – 20 % lower diffusing 
capacity when compared to age matched non smokers.14 
The exact mechanisms of smoking affecting BHT is not 
clear. Smokers show a reduction in all lung functions 
and their capacity to tolerate physical discomfort is also 
less compared to non-smokers. It is a known fact that 
smoking raises the CO2 levels in blood. The CO present in 

cigarette smoke is more than 600 times the concentration 
of CO in automobile exhaust. The high levels of CO2 in 
the blood of smokers bind with hemoglobin and form 
carboxyhemoglobin. Carboxyhemoglobin affects the 
oxygen carrying capacity of the blood. Hence, a smoker 
has high susceptibility for hypoxia and hypercapnia 
compared to a non-smoker causing the rapid attainment 
of the break point, and  in turn reducing the BHT.1

Limitations of the present study were small size of 
the study population and not considering possible effects 
of physical activities, duration of smoking, number of 
cigarettes per day, type of smoking (beedi, cigarette, 
or any other form), and other confounding factors like 
psychological factors and motivation. Hence a large 
scale study considering above points  needs to be carried 
out.
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ABSTRACT

Introduction : Research findings in the last three decades have shown that physical inactivity and a negative 
lifestyle has seriously threatened health and hastened the deterioration rate of the human body. Maximum oxygen 
uptake (VO2max) is considered the best indicator of aerobic fitness. Hence the present study was done to compare 
the maximum aerobic capacity between students of medical education leading a sedentary life and students of 
physical education leading a sedentary life.

Methodology : 50 healthy male medical students and 50 healthy age matched male physical education students 
of College of Physical education after completion of 9 months of course in the college, were the subjects of the 
study. VO2max of each subject was recorded by using Astrand-Ryhming step test (ARST).

Results : The comparison of mean±1SD duration of exercise and VO2max between students of ME and PE shows 
that the scores were more in PE students when compared to ME and all the differences were statistically highly 
significant.

Conclusion : Physical activities, regular exercise and sports should be encouraged for better cardio respiratory 
fitness.
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INTRODUCTION    

Research findings in the last three decades have 
shown that physical inactivity and a negative lifestyle has 
seriously threatened health and hastened the deterioration 
rate of the human body. A sedentary lifestyle is the most 
prevalent modifiable risk factor for cardiovascular 
diseases, and this is particularly important in view of 
the mounting evidence that physical activity and regular 
exercise may reduce the risk for the chronic diseases and 
death especially from coronary heart disease.1

Maximum oxygen uptake (VO2max) is considered 
the best indicator of aerobic fitness. Aerobic capacity or 
VO2max (maximal oxygen consumption) is the maximum 
capacity of an individuals body to transport and utilize 
oxygen during incremental exercise, which reflects the 
physical fitness of the individual.2

Those who are fit have higher VO2max values and 
can exercise more intensely than those who are not as 
well conditioned. Numerous studies show that you can 
increase your VO2max by working out at an intensity 
that raises your heart rate to between 65 – 85% of its 
maximum for atleast 20 minutes three to five times a 
week. 3

The direct determination of VO2max needs well 
established laboratory set up, skilled personnel, expensive 
equipments and medical supervision in order to avoid 
risk factors involved in exhaustive work (maximal test).  
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Hence in the present study Astrand-Ryhming nomogram 
was used to calculate VO2max indirectly using heart rate 
response to sub maximal Astrand-Ryhming step test. 
Astrand – Ryhming nomogram is suitable for using as 
an indirect method of estimation of VO2max in Indian 
subjects. 4        

Due to heavy academic curriculum, medical 
students do not get time for physical activities and lead 
a sedentary life. Physical education students undergo 
regular physical training as a part of their curriculum, 
Hence the present study was done to compare the 
maximum aerobic capacity between students of medical 
education leading a sedentary life and students of 
physical education leading a sedentary life.              

METHODOLOGY

50 healthy male medical students and 50 healthy 
age matched male physical education students of 
College of Physical education after completion of 9 
months of course in the college, were the subjects of 
the study.  Ethical clearance was obtained from the 
institutional ethical committee. Test procedure and 
purpose were explained and a written consent was taken 
from subjects.

Recording of VO2max by using Astrand-Ryhming 
step test: 5,6,7,8

VO2max of each subject was recorded by using 
Astrand-Ryhming step test (ARST). Each subject 
completed step ‘up’ and ‘down’ task at the rate of 90 
steps per minute (22.5 cycles/min) on 40 cm bench 
(16 inch) for 5 minutes or until exhaustion    (when 
the subject can not maintain the stepping rate for 15 
seconds), which ever was early. The subject placed one 
foot on the platform and later the other, and immediately 

stepped down, bringing down first the same foot which 
he placed up first. The rate of stepping at 90 steps per 
min was maintained with the help of a metronome. 

Pulse counts immediately after step test from 15 
– 30 seconds were recorded.

Maximum aerobic capacity (VO2max) was indirectly 
assessed by the Astrand Ryhming nomogram method 
(1960) from submaximal exercise data obtained using 
ARST. 5,9

Pulse rate immediately after step test from 15 
seconds to 30 seconds was connected with body weight 
in kg in the Astrand –Ryhming nomogram and VO2max

in liters per min was obtained on the middle VO2

line. VO2max was converted to ml per kg per min by 
multiplying with 1000 and dividing by body weight. 
Age correction factor, was not used, as the subjects in 
the present study were more than 17 years and less than 
25 years.

STATISTICAL ANALYSIS

Data was analyzed by following statistical 
methods.

 1. Unpaired ‘t’ test.

 2. Chi-square test.

  RESULTS

Table-1, shows the comparison of mean±1SD 
duration of exercise and VO2max between students of ME 
and PE.  All the scores were more in PE students when 
compared to ME and all the differences were statistically 
highly significant.

Table-1: Comparison of Duration of exercise and VO2max between students medical and physical 
education.

Parameter

Medical       
Education
Mean ± SD

Physical 
Education
Mean ± SD t value p value Remark

Duration of 
exercise(sec)   269.4±43.6   296.1±11.8 4.18 <0.001 HS

VO2max (ml/kg/
min)  47.7±6.2   57.5±4.4 9.12 <0.001 HS

HS-Highly significant
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Table - 2 shows the comparison of VO2max scores between students of ME and PE.  Most of PE students had 
superior and excellent VO2max scores where as most of ME students had excellent, good and fair VO2max scores. The 
differences in VO2max scores between both groups were statistically highly significant.

Table-2: Comparison of VO2max scores of medical and physical education students.

Score

Medical       
Education.
Number of 
students (%)

Physical 
Education.
 Number of 
students (%)

Chi – square 
Value p value Remarks

Superior 12 (24) 41 (82) 36.21 <0.001 HS

Excellent 16 (32) 7 (14) 36.21 <0.001 HS

Good 6 (12) 1 (2) 36.21 <0.001 HS

Fair 15 (30) 1 (2) 36.21 <0.001 HS

Poor 1 (2) 0(0) 36.21 <0.001 HS

Very Poor 0(0) 0(0) 36.21 <0.001 HS

HS-Highly significant

DISCUSSION

Aerobic power is the maximum capacity of an 
individual’s body to transport and utilize oxygen during 
incremental exercise, which reflects the physical fitness 
of the individual.10 Aerobic capacity or maximum 
oxygen uptake capacity (VO2max) is widely considered to 
be the best measure of cardio respiratory fitness.11  

The present study revealed a statistically highly 
significant higher mean±1SD, VO2max value in PE 
students(57.5±4.4ml/kg/min) than ME students( 
47.7±6.24ml/kg/min).  The comparison of VO2max scores 
showed that most of PE students had superior (82%) and 
excellent (14%) scores while most of ME students has 
excellent (32%) and fair (30%) scores of VO2max. 

The positive relationship between aerobic endurance 
training and VO2max obtained in the present study is in 
agreement with a large number of previous studies.

Kavin R et al have reported a significantly high 
VO2max  in trained men(56.7±6.4 ml/kg/min) than VO2max

in untrained men(39.8±1.7 ml/kg/min).12

In a study on 8 trained and 9 untrained male 
subjects aged 18-25 yrs from a university by Christie 
CJA et al, trained subjects showed a significantly higher 
VO2max (70±7.2 ml/kg/min)  than untrained subjects 
(54.5±3.6 ml/kg/min).13 

VO2max was compared between high, moderate 
and low physical activity groups in a study by Shaikh 
WA et al. Highest VO2max was seen in high physical 

activity group and least VO2max was seen in low physical 
activity group.14

                 Two groups of male medical students from 
Belgium and France respectively had aerobic powers 
that compared well with those of PE students. It was 
concluded that this could be because of sampling of the 
fittest medical students.15

Numerous other studies also have shown that 
trained subjects have higher VO2max than untrained 
subjects.16,17,18 

             A VO2max of 54.24±6.17 ml/kg/min in 
national Indian sportsman is reported by Varma SK et 
al.19   Prajapati R et al have reported 54.32±0.70 ml/kg/
min VO2max in Nepalese medical students.20  VO2max score 
of most of medical students was found to be in poor to 
average range in a study by Tong prasert S et al.21 

In previously sedentary people, training at 75% 
of aerobic power, for 30min, 3 times a week over 6 
months increases VO2max on an average of 15-20%. 18

The possible underlying mechanisms for 
improvement in VO2max by aerobic training are 
1.Increase in cardiac output, 2. Increase in arteriovenous 
O2 difference because of better utilization of oxygen 
by exercising muscles and 3.Increase in pulmonary 
capillary density. 22

Hence physical activities, regular exercise and 
sports should be encouraged for better cardio respiratory 
fitness.
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ABSTRACT

Background: Pulmonary function test is one of the basic tools for evaluating a person’s respiratory status. Physical 
fitness is essential for athletes and non-athletes for maintenance of physical and mental health. Sedentary lifestyle 
could be associated with less efficient pulmonary function. So the present study has been put forward to study 
the better pulmonary function in athletes than in people with sedentary life style. Aim:  To compare pulmonary 
function test in Athletes and individuals with sedentary life style. Materials and method: Study group consists of 
80 subjects, 40 were athletes and remaining 40 were individuals with sedentary life style. The pulmonary function 
test parameters were compared between the two groups. Statistical analysis: Statistical analysis was done using 
SPSS software version 10. Independent sample t test was used to compare between the two groups. P value <0.05 
was statistically significant. 

Result: Mean value of FEV1, FVC, MMEF, MVV was significant. PEF, FEV1/FVC % Mean value was found 
to be insignificant. 

Conclusion: The result of the present study showed that physical training and exercise improved the lung 
function parameters in athletes. A continued high physical activity is associated with lower mortality, and delays 
decline in the pulmonary function and therefore should be encouraged. 

Keywords: athletes, sedentary lifestyle, pulmonary function test.
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INTRODUCTION

Pulmonary function test is one of the basic tools 
for evaluating a person’s respiratory status.  A very 
useful and simple test of pulmonary function is the 
measurement of a single forced expiratory volume1.  
Buffalo Health study concluded that pulmonary function 
is the long term predictor for overall survival rates,  in 
both the genders and could be used as a tool in general 
health assessment2. Results from several studies have 
described a significant relationship between pulmonary 
function and both all cause mortality as well as cause 
– specific mortality3,4.

Persson et al pointed out that there is an urgency 
to reach a better understanding of the relationship of 
impaired pulmonary function to disease in order to 
undertake preventive measure5.Sedentary lifestyle could 
be associated with less efficient pulmonary function.  
People who take regular physical exercise report less 
anxiety and depression and also lower level of stress 
than do sedentary people 6.

Involvement in certain physical activities or sports 
could help in respiratory muscle strengthening and 
improvement in pulmonary function.  Physical fitness 
is required not only by athletes for better performance 
but also by non – athletes for maintenance of physical 
and mental health.  Hence it is essential to be involved in 
physical activity or sports. The federation of International 
Respiratory societies have declared October 14th, 2010 
as First ever world spirometry day to celebrate lung 
health during the YEAR OF THE LUNG.                     
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In this study I have compared pulmonary function 
of people with sedentary life styles with athletes to see 
if athletes have better pulmonary function than people 
with sedentary lifestyle; and if so, how they differ 
amongst themselves with respect to various spirometric 
parameters.

MATERIALS AND METHOD

This is a Cross – Sectional Study done to assess 
the better lung function among athletes compared to 
individuals with sedentary life style. The subjects for 
the study were taken by convenient non probability 
sampling. 40 athletes who form the study group and 40 
persons with sedentary life style who form the control 
group were selected from Thanjavur town. The study 
was carried out from July 2009 to May 2010. Pulmonary 
Function Testing Equipment ‘SUPERSPIRO’ developed 
by MIDMEDS Limited which is computerised, was 
used for the study.

SUBJECTS:-

Definitions:

Athletes were defined as marathon runners running 
at least 2 km daily for at least 6 months. 

Sedentary lifestyle was defined as per center for 
disease control and prevention, as no leisure – time 
physical activity, or activities done for less than 20 
minutes or fewer than three times per week

“Smokers” was defined as per center for disease 
control and prevention as those who have smoked 
more than 100 cigarettes in their lifetime and currently 
smoke. 

INCLUSION CRITERIA:-

i) Males aged between 20 -40 years.  This is to 
remove the confounding factor of impact of aging on 
lung function 7..

EXCLUSION CRITERIA:-

i) smokers8.. 

ii) persons with past History of pulmonary disease 
and treatment.

iii) Persons with pulmonary disease now.

A detailed history and physical examination of 

each subject was carried out. Subjects with any history 
of smoking, chronic cough, past H/O Asthma, chronic 
obstructive lung disease, obesity were excluded from the 
study.  The age, body weight and height without shoes 
were recorded, which gives the BMI of the subject.  
The test was carried out in the morning during the post 
absorptive phase.  Testing procedure was quite simple, 
non- invasive and harmless to the subject.

Technique:- 

The data of the subject was entered.  The subjects 
were familiarized with the instrument and the technique 
used.  The forced vital capacity (FVC) maneuver was 
done in sitting position.

The subject is asked to take a maximal inspiration 
to total lung capacity, and then to breathe out as fast as 
rapidly as he can, until he can exhale no further which is 
maximal exhalation to residual volume; he then takes a 
rapid and maximal inspiration.

Statistical analysis was done for all the parameters 
using SPSS (Statistical Package for Social Sciences) 
version 10. One way analysis of Variance (ANOVA) 
was used to see if groups differ in any of the parameters. 
Independent sample t test was used for comparison 
between groups.  P value was derived and p<0.05 was 
considered as significant.

RESULTS

Out of 80 male subjects, 40 were athletes performing 
study group and remaining 40 were individuals with 
sedentary life style forming control group. The two 
groups differ significantly in various lung function 
parameters

In this study, Athletes who form the study group 
were in age group of 20-35 years, mean 27.62 years. 
Their mean height was 172.43 ± 3.59cm, mean weight 
68.25 ± 7.61 Kg, mean BMI was 22.9 ± 1.9 Kg/m2.

The control group of individuasl with sedentary 
lifestyle were in the age group of   20 – 40 years, mean 
30.7 years. Mean height was 169.8 ± 4.87 cm, mean 
weight was 68.5 ± 6.64Kg, mean BMI was 23.7 ± 1.6 
Kg/m2(TABLE-1) 

FEV1 in the athletes show mean value 3.8 ± 0.29 
and in control group it is 3.1 ± 0.31 L /S with P value 
0.005. MMEF in athletes gives the mean value of 4.7 



        258        International Journal of Physiology, July-December 2017, Vol. 5, No. 2     International Journal of Physiology, July-December 2017, Vol. 5, No. 2            259         

± 0.75 L/S and in control group 4.13 ± 0.67 L/S with P 
value 0.005.PEF shows mean value in athletes of about 
9.1 ± 1.02 L/S and in control group 8.6 ± 1.4 L/S with 
P value 0.110.MVV shows mean value in athletes of 
about 144.75 ± 11.1 L/S and in control group 118.15 ± 
11.8 L/S with P value 0.005.FEV1 / FVC% in athletes is 
about 93.8 ± 6.4% and in control group 94.1 ± 6.1% with 
P value 0.832. FVC in the athletes shows mean value 
about 4.1 ± 0.43 L/S and in control group 3.3 ± 0.41 L/S 
with P value 0.005(TABLE-2)

Table-1: Descriptive variables for two groups 

Descriptive Study group
Mean & S.D

Control group
Mean & S.D

‘P’ 
value

Age(yrs) 27.62 ± 5.04 30.7 ± 5.28 0.009

Height(cm) 172.43 ± 3.59 169.80 ± 4.87 0.008

Weight(kg) 68.25 ± 7.61 68.5 ± 6.64 0.876

BMI(kg/m2) 22.9 ± 1.9 23.7 ± 1.6 0.035

Table-2:  Lung function parameters for two 
groups 

 BY INDEPENDENT SAMPLE t TEST 

Parameters Study group
Mean & S.D

Control group
Mean & S.D

‘P’ 
value

FEV1 3.8 ± 0.29 3.1 ± 0.31 0.005

FVC 4.1 ± 0.43 3.3 ± 0.41 0.005

FEV1/FVC % 93.8 ± 6.4 94.1 ± 6.1 0.832

MMEF 4.7 ± 0.75 4.1 ± 0.67 0.005

MVV 144.75 ± 11.1 118.15 ± 11.8 0.005

PEF 9.1 ± 1.02 8.6±1.4 0.110

DISCUSSION

The results of lung function parameters were 
compared between the two groups, the athletes who 
were marathon runners running atleast 2 Km daily for 
atleast 6 months and individuals with sedentary lifestyle. 
The lung function parameters were also compared with 
studies carried out previously.

The values of FEV1,(Forced expiratory volume 
in one second) and FVC (Forced vital capacity) were 
found to be statistically significant in Athletes, when 
compared to control group with sedentary life style. 
The higher values in athletes could be explained due to 
better strengthening of respiratory muscles as a result 
of physical training. Skeletal muscle controls many 
crucial elements of aerobic conditioning including lung 
ventilation9.

In the Amsterdam Growth and Heart study, physical 
activity was observed to be positively correlated to 
changes in FVC between ages 13-27 years over a period 
of 15years10. A recent study by Fuster et al also observed 
increment in FVC as an effect of increased physical 
activity11. FEV1 and FVC were higher in different 
sportsmen in India when compared to individuals with 
sedentary lifestyle12 Men who remained active had higher 
FEV1 and FVC than persons who remained sedentary13. 
In this study, both the lung function parameters are 
increased in Athletes. The ability to work and function 
in daily life is related to FEV1 and FVC.

The difference in the mean values of PEFR in both 
the groups shows a better lung function due to increased 
Ventilatory capacity. PEFR value is higher in athletes 
when compared to sedentary workers in a previous 
study14. The Border Security force Trainees of India 
in whom PEFR is higher when compared to healthy 
medical students of the same age group and sex who did 
not perform regular exercise and were sedentary.

In this study, though the mean value of PEFR shows 
increase in athletes, statistical significance was not 
observed. This may be due to varying sample population, 
Age group difference and small sample size.

FEF25-75 or MMEF values were significantly higher 
in athletes as compared to the control group. Studies 
done previously observed higher FEF25-75, in athletes 
who are involved in physical training. But insignificant 
difference in FEF25-75 were observed in Border Security 
force trainees and sedentary individuals due to high co-
efficient of variation.

The present study showed the values of maximum 
voluntary ventilation MVV to be much higher in athletes 
as compared to individuals with sedentary lifestyle. The 
difference was found to be statistically significant in the 
comparative groups. In the previous study, MVV values 
were high among Border Security forces as compared to 
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sedentary persons. The Value of MVV was found to be 
increased in different groups of sportsmen than those of 
sedentary group12.

The mean value of FEV1 as a percentage of FVC 
(FEV1 / FVC) was found to be almost similar in both 
the groups. It was probably that there was equal rise in 
FEV1 and FVC in the various groups. The difference 
whatsoever was statistically insignificant. In the 
previous study, FEV % among athletes and sedentary 
workers were found to be the same. In this study, the 
same results were recorded as that of previous studies.

The results discussed above clearly indicate that 
there is significant different in the flow rates between the 
comparative groups. This confirms that regular exercise 
has a facilitatory effect on the lungs. The possible 
explanation for this could be that regular forceful 
inflation and deflation of the lungs for prolonged periods 
lead to strengthening of respiratory muscles.

Physical activity is associated with a delayed 
decline in pulmonary function and thus middle aged and 
older people should be encouraged to enjoy exercise15.
Physical activity appears to be beneficial in both smoker 
and nonsmoker to reduce the decline in pulmonary 
function .This is important from a public health and 
clinical point of view. Sedentary lifestyle is associated 
with high incidence of obesity and development of 
restrictive lung function and cardiovascular morbidity.

  CONCLUSION

The result of the present study showed that physical 
training and exercise improved the lung function 
parameters in athletes.The person who had sedentary 
life styles had lower pulmonary function parameters. A 
continued high physical activity is associated with lower 
mortality, and delays decline in the pulmonary function 
and therefore should be encouraged.

ABBREVIATIONS USED IN THIS STUDY:

PFT- pulmonary function test 

  FVC - forced vital capacity

  FEV1- forced expiratory volume in 1st second

  FEV1/FVC – FEV1 as percentage of FVC.

  PEFR- peak expiratory flow rate.

  MVV- Maximum voluntary ventilation

  MMEF - Maximum mid-expiratory flow rate.
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