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Does Glycemic Variability Impact Mood and Quality of Life?
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Abstract

Background: Diabetes is a chronic condition that significantly impacts quality of life. Poor glycemic control is
associated with more diabetes complications, depression, and worse quality of life. The impact of glycemic
variability on mood and quality of life has not been studied.
Methods: A descriptive exploratory design was used. Twenty-three women with type 2 diabetes wore a con-
tinuous glucose monitoring system for 72 h and completed a series of questionnaires. Measurements included (1)
glycemic control shown by glycated hemoglobin and 24-h mean glucose, (2) glycemic variability shown by 24-h
SD of the glucose readings, continuous overall net glycemic action (CONGA), and Fourier statistical models to
generate smoothed curves to assess rate of change defined as ‘‘energy,’’ and (3) mood (depression, anxiety,
anger) and quality of life by questionnaires.
Results: Women with diabetes and co-morbid depression had higher anxiety, more anger, and lower quality of
life than those without depression. Certain glycemic variability measures were associated with mood and quality
of life. The 24-h SD of the glucose readings and the CONGA measures were significantly associated with health-
related quality of life after adjusting for age and weight. Fourier models indicated that certain energy compo-
nents were significantly associated with depression, trait anxiety, and overall quality of life. Finally, subjects
with higher trait anxiety tended to have steeper glucose excursions.
Conclusions: Data suggest that greater glycemic variability may be associated with lower quality of life and
negative moods. Implications include replication of the study in a larger sample for the assessment of blood
glucose fluctuations as they impact mood and quality of life.

Background

Depression is a serious problem affecting almost 25% of
persons with diabetes, and the risk of depression is

doubled in women compared with men with diabetes.1 A
meta-analysis of 27 studies demonstrated that depression is
significantly associated with hyperglycemia for both type 1
and type 2 diabetes.2 Moods such as anxiety and anger often
accompany depression in persons with diabetes.3–5 Anxiety
has been reported to be as high as 30–40% in persons with
diabetes,6,7 with women having higher levels than men.8

Anxiety has also been associated with poor glycemic con-
trol.9,10 Anger has also been linked to depression11 and asso-
ciated with poorer self-management and hyperglycemia for
persons with diabetes.12,13

The role of blood glucose alterations and its impact on
mood have not been well studied, although the literature

suggests such relationships exist. For persons with type 1
diabetes, high glucose values have been reported to nega-
tively impact mood.14,15 Tension and anger have been re-
ported to be higher in type 1 diabetes individuals in the
hyperglycemic range compared with those in the euglycemic
or hypoglycemic range with continuous glucose monitoring
(CGM).14 For adults with diabetes who take insulin, both low
and high blood glucose values have been associated with
negative moods. Low blood sugar has been associated with
‘‘nervousness,’’ whereas high blood sugar with ‘‘anger or
sadness.’’16 Recently, researchers have found no relationship
between positive affect and glucose but noted that ‘‘on the
days in which negative affect was higher than usual, the next
morning’s glucose was also higher than usual (‘‘grumpy
days’’ affect subsequent blood glucose levels).’’17

For women with type 2 diabetes, negative moods have
been reported to impact their day-to-day living and overall
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quality of life.18 Both depression and poor glycemic control
have been associated with poor quality of life in persons
with diabetes,19 and women have been reported to have
poorer glycemic control and quality of life than men with
diabetes.20–23

Although glycated hemoglobin (HbA1c) has been the
standard for assessing glycemic control, glycemic variability
may have an important role in the risk for complications of
diabetes.24 Information regarding the role that glycemic var-
iability may have on psychological functioning is limited.25

Research on whether persons who have depression and other
mood disorders have greater glycemic variability has not been
studied. The purpose of this study was to examine whether
women with type 2 diabetes have greater glycemic variability
and whether this impacts their quality of life.

Subjects and Methods

Design

This was a descriptive exploratory design to examine the
relationship among mood, glycemic control/variability, and
quality of life in women with type 2 diabetes and also to
compare women who were depressed with women who were
not depressed on these measures. This approach was used as
there is limited information about these measures and how
they mutually interact.

Subjects

Women who were 18–75 years old, diagnosed with type 2
diabetes for greater than 6 months, and able to perform fin-
gerstick glucose testing four times daily were eligible to par-
ticipate. Women who were part of an approved diabetes
research database were sent a formal letter informing them
about the study, and flyers were also placed at the clinics
where diabetes patients receive care. The letter and the flyer
informed women that the purpose of the study was to de-
termine whether fluctuations in blood glucose were associ-
ated with changes in mood.

Procedures

Subjects who met study criteria had two scheduled visits.
The first visit lasted about 2 h (data collection and monitoring
device insertion), and the second visit about 20 min (for re-
moval of the monitoring device). At the first visit, after the
patients read and signed the informed consent document, the
physical measurements of the participants were taken (height,
weight, blood pressure, and HbA1c and glucose) by the study
nurse. Then the Medtronic (Northridge, CA) MiniMed
CGMS� Gold� sensor was inserted, and women were in-
structed how to enter their daily blood glucose fingersticks
(morning, lunch, dinner, and before bedtime) into the device
for calibration. Women were blinded to the sensor reading.
Because the device took 1 h to calibrate, women completed a
questionnaire booklet during that time. The booklet included
self-report tools to assess health, mood (depression, anxiety,
anger), and quality of life. They were given a light snack
during this time. At the completion of the 72-h period, subjects
returned to the data collection site, and the CGMS sensor
was removed. At that time, the condition of the patient’s
skin at the insertion site was examined for redness, swelling,
or inflammation.

Measures

Mood. Depression, anxiety, and anger were measured
using standard self-report tools: (1) Depression. The Center
for Epidemiologic Studies Depression (CES-D) tool is 20 items
and was used to measure depression. A cutoff score of ‡ 16
indicates significant depressive symptoms and depression.
The tool has excellent internal reliability and validity.26 The
CES-D and the Beck Depression Inventory have performed
comparably as depression screening tools.27 (2) Anxiety. The
State-Trait Anxiety Inventory is 40 items and was used to
measure the temporary condition of ‘‘state anxiety’’ and the
more long-standing quality of ‘‘trait anxiety.’’ The reliability
and validity of this tool have been well established.28,29 (3)
Anger. The State Trait Anger Expression Inventory is 44 items
and was used to measure anger as an emotion (State Anger)
and the predisposition to experience angry feelings as a per-
sonality trait (Trait Anger). Reliability and validity of the tool
have been reported.30

Quality of life. The Ferrans and Powers31 Quality of Life
Index–Diabetes III Version was used to assess quality of life.
This questionnaire is 34 items that measures satisfaction and
importance in four areas of life: (1) health and functioning, (2)
social and economic, (3) psychological/spiritual, and (4)
family that impact the quality of life for persons with diabetes.
Reliability and validity of the tool have been well estab-
lished.31,32

Glycemic control. This was assessed by two methods: (1)
HbA1c (%) was measured using the DCA 2000 analyzer
(Miles Diagnostic Division, Elkhart, IN). A fingerstick from
the subject was collected by a trained nurse experienced with
this methodology. This measurement of HbA1c is used in
clinical practice.33 (2) The 24-h mean glucose was derived by
the sample mean of the 288 glucose assessments collected via
the sensor. These were generated by a sensor reading taken
every 5 min. For every hour, there were 12 readings, yielding a
total of 12 · 24 = 288 readings for each 24-h period.

Glucose variability

This was assessed by three methods: (1) The 24-h SD was
derived by the SD of the 288 sensor readings and remains an
effective, well-defined, and easy to calculate measure of glu-
cose variability. (2) Continuous overall net glycemic action
(CONGA) measures were introduced by McDonnell et al.34

Each CONGA(n) measure is the sample SD over time t of the
difference between a sensor reading at time t and the reading
at time t - (n · 60 min). Use of CONGA analysis will quantify
intraday fluctuations in glucose levels when continuous data
points are available. This report studied CONGA1 through
CONGA6. Higher CONGA values indicate more glycemic
variability. (3) Energy spectrum and average energy over 24 h
(E) were generated by the replacement of the raw 24-h curve
with a smoothed curve using a discrete Fourier transform.35

This report marks the introduction of this new measure, CGM
‘‘energy,’’ that is currently not being captured by traditional
measures of glycemic variability. Just as white light can be
broken down into its component colors, so a 24-h CGM profile
can be partitioned into component frequencies each with their
own amplitudes. High frequencies mean shorter wavelengths
and therefore steeper curves for a given amplitude. The
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energy at each frequency is proportional to the square of the
frequency times amplitude, capturing the essence of increas-
ing steepness with increasing frequency. This set of compo-
nent energies for a 24-h CGM profiles we call the CGM energy
spectrum. The average energy E is the sum of these compo-
nent energies divided by 24 h with units (mg/dL-h)2. The SD
is captured by just the amplitudes at each frequency and is
only a measure of the variation about the 24 mean h (being
proportional to the square root of the sum of the amplitudes).
The SD does not require anything other than the sensor glu-
cose readings, whereas E and its components requires a pre-
smoothing by discrete Fourier transform, making the rate of
change well defined. We used a Fourier approximation con-
taining frequencies from 1 through 24 and the constant term
(the 24-h mean glucose). An example of the discrete Fourier
approximation to a 24-h CGM profiles is provided in Figure 1.

Human subjects

The study protocol, including recruitment strategy, was
approved by the Institutional Review Board where the study
was undertaken. Participants were paid a stipend of $50 for
the amount of time that they spent onsite for data collection
(2.5 h) as well as the time that they spent taking and recording
their blood glucose four times daily. There were no adverse
events from the CGM.

Statistical analysis

Demographic, background, health data, and CGM pa-
rameters were summarized using descriptive statistics. Wo-
men were classified according to the CES-D-20 depression

score ( < 16 for nondepressed and ‡ 16 for depressed). For
each of the parameters, a P value was computed testing the
hypothesis that the mean score was the same for the groups,
and this used the two-sample t test. These P values were de-
scriptive, with no adjustment for multiple comparisons due to
the exploratory nature of the study.

Pearson correlation between each mood/anxiety score and
each CGM measure summarized with its associated P value
testing whether the underlying population correlation was
zero. This test used the Fisher Z transformation and the nor-
mal distribution. The purpose of this step was to begin the
screening for any apparent relationship between some aspect
of the subject’s glucose curve and measures of the woman’s
mental health. Pearson correlations may be confounded by
factors other than the major variables under study. Because it
was found that age and weight were factors affecting many of
the mood/anxiety scales and some CGM measures, a second
set of correlations was generated by removing the effects of
age and weight. This was done by computing the partial
correlations of each mood/anxiety scale with each CGM scale
adjusting for age and weight. Again the nominal P values of
these partial correlations were provided, testing the null hy-
pothesis that the corresponding population partial correlation
was 0.

The average energy subject’s 24-h profile and the first 12
component energies were part of this correlation analysis.
P values quoted for the 12 energy components’ (partial) cor-
relation with a given mood/anxiety score were adjusted for
multiplicity in the following sense. The scores were randomly
permuted 10,000 times among the 23 subjects, inducing a 0
correlation in all components, and the maximum absolute

FIG. 1. Observed and predicted (24-cycle Fourier approximateion) sensor glucose values for study participants. r2 = 0.984.
BG, blood glucose.
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correlation among 12 components were obtained for each
permutation. The P value was then based on the percentile
rank of the observed correlation among the 10,000 maxima
generated with no correlation. This bootstrap method had the
effect of exacting a larger price for statistical significance be-
cause of the orthogonality of the energy scales.

Results

Women were compared according to their depression sta-
tus (depressed vs. nondepressed) (Table 1). There were no
significant differences between the groups on age, years with
diabetes, body mass index, and HbA1c. The median age of
women was 51 years (range, 40–67 years), and duration of
diabetes was 10 years (2–26 years). The median body mass
index was 37.7 kg/m2 (20.4–53.3 kg/m2). Regarding blood
glucose control, the median HbA1c was 8.0% (6.0–13.0%).
About 25% of these subjects had HbA1c levels at 7% or lower,
so according to the cutoff of 7% about three-quarters of these
subjects exhibited inadequate blood glucose control.

In comparing depressed and nondepressed women, there
were statistically significant differences on mood measures
(Table 1). Depressed women had higher depression scores
(P < 0.001), state and trait anxiety scores (P < 0.001), and state
anger scores (P = 0.030). In terms of quality of life, depressed
women reported an overall lower quality of life (P = 0.054) and
poorer psychosocial and spiritual well-being (P = 0.044). There
was a trend for depressed women to report worse health and
functioning (P = 0.092) and lower social and economic quality
of life (P = 0.087). The family quality of life measures were not
different between the depressed and nondepressed groups.

In terms of the CGM data, the protocol period of 72 h
yielded, for most subjects, two complete 24-h records, and all
subjects had at least one complete 24-h record. Of the 23
subjects in this study, 18 subjects (78.3%) had two complete
24-h records, four subjects had one complete record from
midnight to midnight, and one subject had one complete 24-h

record after performing a time shift on the data. Hence, the 23
subjects generated 41 complete records, which became the
sampling units for the subsequent analyses, and all subjects
are represented in the CGM data analysis.

Two sets of summary glucose curves were obtained for
each subject: one set was based on the average of all full 24-h
curves available from each subject; the other set was based on
the last available 24-h curve. The primary analyses were based
on this second set, using the last full 24-h assessment, because
this allowed time for the participant to become adjusted to the
CGM device, as it is possible that the initial experience may
have created a small amount of stress that could have im-
pacted the variability. A decision was also made to use one
continuous 24-h record to provide a better estimate of the
glucose parameters rather than to use pieces of the records,
which could have biased the estimates. Table 2 provides de-
scriptive summaries for the CGM sensor glucose parameters
for the depressed and nondepressed women. There were no
significant differences between the groups on the glucose
measures.

Pearson correlations indicated that 24-h mean blood glu-
cose was not associated with quality of life or mood. After
adjustment for age and weight, the 24-h SD of the glucose
readings (r = - 0.47, P = 0.033) and the CONGA1–CONGA6
measures were significantly associated with health-related
quality of life (r = - 0.46, P = 0.035 to r = - 0.55, P = 0.011)
(Fig. 2).

Table 1. Characteristics of Participants

Mean (SD) CES-D score

Variable < 16 ‡ 16 P value

Sample (n) 11 12
Age (years) 53.9 (9.6) 51.8 (4.9) 0.858
Diabetes’ duration

(years)
11.2 (9.2) 11.6 (6.3) 0.914

BMI (kg/m2) 38.46 (8.58) 38.53 (10.68) 0.986
HbA1c (%) 8.9 (2.4) 8.0 (1.8) 0.291
CES-D 7.2 (4.2) 27.0 (9.8) < 0.001
State Anxiety 28.0 (9.1) 47.3 (9.4) < 0.001
Trait Anxiety 27.5 (4.7) 48.7 (8.3) < 0.001
State Anger 15.0 (0) 20.3 (7.6) 0.030
Trait Anger 15.4 (5.7) 18.0 (5.5) 0.203
Quality of Life 23.3 (4.7) 19.1 (5.0) 0.054

Health Subscale 22.0 (4.9) 17.8 (6.3) 0.092
Social & Economic

Subscale
23.6 (5.6) 19.8 (4.6) 0.087

Psychological Subscale 24.9 (5.0) 19.1 (7.7) 0.044
Family Subscale 23.7 (6.3) 22.4 (4.5) 0.593

BMI, body mass index; CES-D, Center for Epidemiologic Studies
Depression; HbA1c, glycated hemoglobin.

Table 2. Descriptive Summaries from Patients’

24-h Continuous Glucose Monitoring CGMS Profiles

Using the Last 24-h Profile (Midnight to Midnight)

from Each Patient

Mean (SD) CES-D score

Assessment < 16 ‡ 16 P value

24-h mean (mg/dL) 190.9 (59.2) 159.4 (62.2) 0.143
24-h SD (mg/dL) 41.7 (25.1) 41.6 (18.7) 0.993
CONGA (mg/dL)

CONGA1 32.0 (13.4) 33.0 (11.2) 0.857
CONGA2 45.2 (22.3) 46.2 (20.2) 0.910
CONGA3 53.8 (27.4) 52.3 (25.5) 0.896
CONGA4 58.4 (30.0) 55.7 (28.3) 0.824
CONGA5 61.3 (35.2) 57.9 (31.0) 0.807
CONGA6 63.7 (41.7) 58.1 (31.3) 0.718

24-h average
energy (mg/dL-h)2

46.5 (32.3) 48.9 (25.4) 0.848

Energy (mg/dL-h)2

1 cycle/24 h 43.1 (85.8) 32.7 (36.7) 0.705
2 cycles/24 h 49.96 (52.20) 49.19 (49.76) 0.971
3 cycles/24 h 68.8 (61.0) 66.9 (88.0) 0.955
4 cycles/24 h 44.5 (43.2) 68.9 (46.9) 0.211
5 cycles/24 h 141.5 (271.4) 106.7 (103.6) 0.684
6 cycles/24 h 31.0 (30.8) 54.7 (47.0) 0.170
7 cycles/24 h 50.4 (77.2) 103.7 (176.9) 0.368
8 cycles/24 h 41.8 (35.9) 70.5 (53.7) 0.151
9 cycles/24 h 44.3 (45.7) 46.1 (44.4) 0.925
10 cycles/24 h 55.6 (97.3) 36.8 (42.3) 0.547
11 cycles/24 h 71.6 (102.1) 45.0 (32.0) 0.399
12 cycles/24 h 31.7 (30.0) 57.5 (46.0) 0.130

CES-D, Center for Epidemiologic Studies Depression; CONGA,
continuous overall net glycemic action.
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FIG. 2. Partial correlation of the health and functioning quality of life with continuous overall net glycemic action (CONGA)
1–6 adjusted by age and weight. Note that all six CONGA correlations with health and functioning quality of life are
statistically significant at P < 0.05 by virtue of all exceeding the 95th percentile of the maximum of six correlations based on
10,000 simulations where the true correlations were 0. CB, confidence bound (same as confidence interval). Color images
available online at www.liebertonline.com/dia

FIG. 3. Energy at eight cycles per 24 h versus trait anxiety score. Color images available online at www.liebertonline.com/dia
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The average energy E was not associated with quality of
life or mood. Pearson adjusted correlations indicated that cer-
tain energy components were significantly associated with
depression (r = + 0.54, P = 0.012), trait anxiety (r = + 0.56,
P = 0.008), and overall quality of life (r = - 0.66, P = 0.001). The
eight-cycle (3-h) energy measure was associated with trait
anxiety (bootstrap P = 0.043) (Figs. 3 and 4). The eight-cycle
(3-h) energy measure was also associated with depression, al-
though it was not statistically significant (bootstrap P = 0.094).

Discussion and Conclusions

The findings indicate that the depressed and not depressed
groups were comparable on glycemic control. The results that
the women with depression had greater anxiety, slightly
higher anger levels, and lower quality of life were expected
and consistent with previous research.1,4,6,12,20–22 Penckofer
et al.18 reported that women experience multiple emotions
that significantly impact on their quality of life. In addition,
clinical practice has indicated that persons with diabetes who
are depressed also have accompanying anxiety.5

The correlation of CONGA and the 24-h SD, traditional
measures of glycemic variability, with health-related quality
of life is an important finding of this exploratory study. Al-
though previous research has indicated that glycemic control
can significantly impact the patient’s quality of life,36 research
has not addressed how glycemic variability may impact on
the patient’s quality of life. In this study, the relationship

between perceived health-related quality of life and glycemic
variability was significant for women with type 2 diabetes.
Researchers have reported on the importance of CGM on self-
management for persons with diabetes.37 The current study
found that when women with type 2 diabetes experienced
more glycemic variability, they tended to report a poorer
health-related quality of life. Although it is logical to assume
that poor self-management may cause more glycemic vari-
ability, it is very possible that greater glycemic variability
results in more frequent episodes of hyper- and hypoglyce-
mia, which may contribute to depression as well as anxiety.
As a consequence, one’s ability to perform self-management
can be more challenging and negatively impact his or her
overall quality of life. Thus, additional research is needed to
gain further insight into understanding these bidirectional
relationships.

Finally, the relationship between a measure of glycemic
energy (as distinct from variability) and mood is an interest-
ing finding needing further research. This exploratory study
demonstrated that trait anxiety was significantly associated
with the 3-h glycemic energy cycle, and depression may be
associated with this same index. It may be that a subtle as-
sessment of the CGM glucose profile is required to determine
whether important frequencies of large glucose excursions
characterize subjects with anxiety and depression. In this
study, the subjects with the higher trait anxiety scores tended
to have steeper glucose excursions focused on 3 h in length
(24 h/eight cycles = 3 h).

FIG. 4. Partial correlation of trait anxiety score with continuous glucose monitoring energy components adjusted by age
and weight. *Randomly permuting the 23 subjects and computing the maximum correlations among the first 12 cycles (10,000
repetitions), only 4.3% of these simulated maxima exceeded the observed correlation at a frequency of eight cycles per 24 h.
CB, confidence bound (same as confidence interval). Color images available online at www.liebertonline.com/dia
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Previous research using Fourier models for CGM profiles has
indicated the importance in being able to relate the patient’s
reported symptoms (e.g., hypoglycemia) and blood glucose
levels.35 Thus, the potential to relate fluctuations in blood glu-
cose to alterations in the patient’s mood has significant research
and clinical implications. First, patients could understand the
impact of blood glucose fluctuations on their emotions and
overall well-being. Second, researchers could use it as a novel
and feasible outcome measure for evaluating the effectiveness of
behavioral interventions for treatment of disorders like anxiety
or depression that are more common in persons with diabetes.

Limitations

Given the descriptive, exploratory nature of the study, the
sample size was small, which is a limitation. The self-report
measures may also be a limitation, but they were all obtained
within the 72-h time period of CGM. Although persons with
diabetes can have challenges in managing their health behav-
iors that may significantly impact glycemic variability, whether
the relationships found in this study were due to depression
or health behaviors resulting from depression is unknown.
Because there were numerous psychological measures and
methods of assessing glycemic control as well as variability, it is
possible that the significance may have been due to multiple
testing. Thus, recommendations for the future would include
the replication with a larger sample with measurements done
over multiple time points to validate these findings.

Summary

Exploring glycemic variability and the impact it could have
on women is important and significant as it may explain why
they are at greater risk for depression, poorer quality of life,
and earlier cardiac morbidity and mortality. After adjusting
for confounders of age and weight, the findings relative to
glycemic variability and trait anxiety were significant, and
those with depression were marginal. Anxiety and depression
occur more often in women with diabetes than men with di-
abetes.8 The importance of these findings is that anxiety and
depression may impact on diabetes self-care behaviors and
quality of life, and glycemic variability may be a factor asso-
ciated with these outcomes.

The use of CGM to improve glycemic control and reduce
glycemic variability has been reported.38 More recently, re-
duction of glucose variability has been associated with a lower
risk of hypo- and hyperglycemia.39 Fluctuations in blood
glucose, both high and low, have been shown to impact mood;
however, research is limited. The study of the impact of gly-
cemic variability on psychological functioning is a fertile area
for research.25 Using CGM to improve the mental and physical
well-being of persons with diabetes has significant implica-
tions for both clinicians and researchers. Studies using CGM
for evaluating diabetes self-management and for determining
the benefit of both pharmacologic and nonpharmacologic
therapies to improve glycemic control and reduce glycemic
variability will be essential to enhance the quality of life for
persons living with diabetes in the immediate future.
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