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Bidirectional longitudinal study of type 2 diabetes
and depression symptoms in black and white
church going adults
Octaviana Hemmy Asamsama1,2*, Jerry W Lee2, Kelly R Morton1,3 and Serena Tonstad2,4
Abstract

Background: There is a need to longitudinally examine depression and DM2 relationship in a population that
values positive health behaviors. The aim of this study was to prospectively investigate the bidirectional relationship
between depression and DM2.

Methods: A cohort sample of 4,746 Black (28.4%) and White (71.6%) Seventh-day Adventist adults who participated
in the Biopsychosocial Religion and Health Study (BRHS) completed a short form of the Center for Epidemiologic
Studies Depression Scale (CES-D) 11 along with self-report of lifetime physician diagnosis of type 2 diabetes (DM2)
and treatment of DM2 and/or depression in the last 12 months in 2006–7 and 2010–11. Hierarchical logistic regression
analyses were completed to predict risk for future disease while controlling for demographic and health related variables.

Results: While there were no direct effects of depression on later DM2, there was an indirect effect mediated by BMI
(effect = 0.13; 95% CIs [0.08, 0.20]) even after controlling for demographic variables as covariates using Hayes’ PROCESS
macro mediation analysis. Similarly, there was also only an indirect effect of DM2 on later depression mediated by BMI
(effect = 0.13; 95% CIs [0.05, 0.22]) after controlling for demographic variables.

Conclusions: The results highlight BMI as a risk factor for both DM2 and depression. The negative consequences of
having higher BMI in conjunction at baseline with another disease can increase the risk for other chronic disease even in
a span of 2.04 – 5.74 years, the length of study interval.

Keywords: Type 2 diabetes, Depression, Bidirectional, Black, Adventist
The relationship between depression and type 2 diabetes
(DM2) has been observed for some time [1]. In adults
with DM2, depression is twice as prevalent compared to
non-diabetic adults [2]. Meta-analytic studies also deter-
mined that risk for diabetes in depressed individuals is
up to 60% higher than for those without [3-5]. In con-
trast, Mezuk et al. [5] reported only a modest increase in
the risk of developing depression for individuals with
DM2.
There are several longitudinal, bidirectional depression

and DM2 studies [6,7]. Palinkas et al. [6] followed a co-
hort of 971 White adults ages 50 and older for eight
years as part of the Rancho Bernardo Heart and Chronic
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Disease Study. Individuals with current depressive symp-
toms are at twice the risk of DM2 after controls. Golden
et al. [7] followed a cohort of 6,814 individuals as part of
a longitudinal study of cardiovascular disease from 2000
to 2005. Risk for new incident DM2 was 1.10 higher
with each five-point increase in Center for Epidemio-
logic Studies Depression Scale (CES-D) score. However,
many prior studies have been limited by cross-sectional
analyses [8] or populations burdened by high rates of
confounding health behaviors like smoking, alcohol use,
and physical inactivity [9,10]. Therefore, there is a need
to examine depression and DM2 in a population that
values positive health behaviors. Seventh-day Adventists
have been found to have relatively low rates of con-
founding health risk factors like smoking and chronic al-
cohol use [11].
Med Central. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/4.0), which permits unrestricted use,
, provided the original work is properly credited. The Creative Commons Public
mons.org/publicdomain/zero/1.0/) applies to the data made available in this
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In addition, we wanted to assess the effects of obesity
since it is a risk factor for both depression and DM2
[12,13]. Silva, Atlantis, and Ismail [14] reviewed the rela-
tionship between depression and insulin resistance in
the context of obesity. Depression can precipitate behav-
ioral changes that increase the risk for obesity. Behaviors
associated with depression include physical inactivity,
excessive intake of high caloric beverages, and smoking
cigarettes. Like many other chronic diseases, type 2 dia-
betes is also highly influenced by environmental factors
like diet and exercise. As individuals increase the intake
of energy dense foods, there is an elevation of glucose
levels. Chronic elevation of glucose levels can impact in-
sulin sensitivity and impair the ability of the pancreas to
regulate insulin. Insulin resistance and pancreatic beta-
cells dysfunction are biological changes associated with
type 2 diabetes [15].
Therefore, the present investigation examined whether

baseline depression symptoms (and no DM2) predicted
new incident DM2 in a population of older Adventist
adults. In addition, we then evaluated whether self-
reported DM2 (and no depression symptoms) at baseline
predicted later depression symptoms. Finally, several a
priori analyses were conducted to examine potential me-
diators (physical activity, length of study interval, and
body mass index).
Methods
Participants and procedures
The Biopsychosocial Religion and Health Study (BRHS)
is a longitudinal cohort study of Adventist adults in 2006–7
and again in 2010–11. Twenty thousand were randomly
sampled from 97,000 US and Canadian participants from
the Adventist Health Study-2 (AHS-2) in 2004–6 [16]. The
BRHS was developed to better understand the influence of
religion on health outcomes [13] via two 20-page question-
naires. The recruitment process included sending the reli-
gion and health questionnaire with an initial letter and
subsequent reminder cards [16,17]. Participants provided
written consent and Loma Linda University’s Institutional
Review Board approved the study.
In 2006–7, 10,988 participants completed the self-report

BRHS questionnaires and 6,508 completed a similar ques-
tionnaire again in 2010–11. For this study, subjects were in-
cluded if they: (a) participated in both data collections, (b)
were Black (African American, Caribbean Black, biracial) or
White, (c) were Seventh-day Adventist, (d) had no history
of smoking regularly, and (e), completed all self-report
measures of depression and DM2.
Measures
All baseline measures were determined in 2006–7.
Measures of depression symptoms and DM2 were also
reported in 2010–11. All measures were based on self-
report.

Smoking history
Participants answered the following question: “have you
ever smoked regularly?” Options included: no; yes, cigars;
yes, pipe; yes, cigarettes. Individuals were included if they
answered “no” to this item.

Depressive symptoms
Participants completed the CESD-11, a measure of
current depressive symptoms in the past week [18]. This
abbreviated form has been found to be an accurate and reli-
able measure of depressive symptoms. For our study, we
followed Kohout’s conversion transformation as follows:
values were transformed to z – scores, then z – scores were
multiplied by the National Health and Nutrition Examin-
ation Survey (NHANES-I) standard deviation; NHANES-I
standardized gender specific means were then added to
each score. The NHANES-I distributions were standard-
ized norms by gender. The average CES-D scores for men
were 7.1 (SD = 7.2) compared to 10.0 (SD = 9.1) for women.
Individuals with NHANES-I adjusted CES-D score ≥ 16
were identified as having elevated depressive symptoms for
screening, not diagnostic purposes. This has been found to
be indicative of mild to moderate depression [19].
Individuals were categorized as having depression (yes

or no) if they have at least one of the following: CESD
score ≥ 16, treatment by a physician for depression in
the past 12 months (yes or no). Incident depression was
defined among participants who did not have depression
in 2006–7 but developed later depression in 2010–11.

Diabetes status
Study participants were asked whether they were “ever
diagnosed with diabetes mellitus (type II adult onset) by
a physician.” They also reported whether or not they
were ever treated by a physician for DM2 in the past
12 months (yes or no). In a validation study of self-
reported DM2 in a population of Adventist adults, self-
report was found to be a relatively valid method for
assessing DM2 with sensitivity ranging from 65.2% to
80.5% and specificity ranging from 95.2% to 97.9% de-
pending on diagnostic reference criteria [20]. Partici-
pants who answered yes to either question were
considered diabetic. Incident diabetes was defined
among participants who did not have diabetes in 2006–7
but developed DM2 at 2010–11.

Sociodemographic characteristics
Variables included age (years); gender; ethnicity (White,
Black); marital status (never married,married, separated, di-
vorced, and widowed). Martial status was then categorized to
either married or not married. Educational attainment was
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originally a nine-category scale (grade school, some high
school, high school diploma, trade school diploma, some col-
lege, associate degree, bachelors degree, masters degree, doc-
toral degree). It was aggregated into four categories: high
school or less (grade school, some high school, high school
diploma), some college or associate degree (trade school dip-
loma, some college, associate degree), bachelor’s degree, and
graduate degree (masters degree, doctoral degree). Socioeco-
nomic status was defined by participant’s answer in 2006–7
to “difficulty meeting family expenses for basic needs in last
year” (not at all, a little, somewhat, fairly, and very). Partici-
pants who reported a little, somewhat, fairly, and very were
then categorized as having low socioeconomic status; not at
all was then categorized as having high socioeconomic
status.

Length of study interval
The length between BHRS study periods (2006–7 and
2010–11) was measured in days.

Health behavior covariates
BMI was calculated as self-reported weight (kg)/height
(m)2. Physical activity was determined by reported fre-
quency, intensity, and duration of vigorous physical ac-
tivities, such as brisk walking, jogging, and bicycling
per week. An activity with vigorous intensity was de-
fined as an activity that “worked up a sweat, get your
heart thumping, or get out of breath.” The total physical
activity value in minutes per week was determined by
multiplying the frequency of sessions with the dura-
tion of activity. The physical activity questions in this
questionnaire have been shown to be both reliable and
valid [21,22].

Statistical analysis
Comparisons between demographic and clinical charac-
teristics were assessed using t-tests for continuous vari-
ables and χ2 tests for categorical variables. Analyses were
performed using PASW Statistics Version 20 [23] with p-
value of <0.05 as the determinant of statistical significance.
A series of hierarchical logistic regression analyses were

completed to predict new disease incidence while control-
ling for other demographic and health variables. The first
set of analyses determined whether baseline (2006–7) de-
pression predicted new incident DM2 (2010–11) (yes, no).
Baseline depression (yes, no) was the independent variable
with DM2 status (2010–11) as the dependent variable. We
first excluded participants with DM2 in 2006–7. The model
included the following variables in the listed order: age,
gender, ethnicity, education, socioeconomic status, marital
status, length of study interval, physical activity, and BMI.
The second set of analyses determined whether par-

ticipants with self-reported DM2 at baseline (2006–7)
were more likely to develop later depression (2010–11)
compared to those without (yes, no). Baseline 2006–7
DM2 status was the independent variable with follow-
up depression in 2010–11 as the dependent variable.
Participants with baseline (2006–7) depression were
first excluded from the analysis. The model included
the following variables in the listed order: age, gender,
ethnicity, education, socioeconomic status, marital sta-
tus, length of study interval, physical activity, and BMI.
Finally, we conducted additional analyses to examine

potential mediators using Hayes PROCESS macro [24].
PROCESS is an SPSS add-on that aid in statistical medi-
ation analyses using logistic regression-based models. In
addition, it is able to estimate both direct and indirect
effects. We controlled for age, gender, ethnicity, educa-
tion, socioeconomic, and marital status as covariates
(order as listed). Length of interval, physical activity, and
BMI were evaluated as possible mediators. PROCESS
macro coefficients listed are unstandardized.

Human participation protection
The institutional review board of the Loma Linda Uni-
versity approved this study.

Results
Of the 6,508 eligible participants who participated in
both data collection periods, 1,762 were excluded
from analyses. There were significant differences be-
tween those who were included versus excluded in all
baseline variables except socioeconomic status (see
Table 1). The final sample consisted of 1,441 males
(30.4%) and 3,305 females (69.6%) with a mean age of
61.3 years (SD = 12.7). The majority of the participants
were White with some college or higher degrees of
education, reported no financial difficulties in the year
prior to 2006–7, and were married. The length of
interval between the two study collection periods
(2006–7 to 2010–11) ranged from 744 days (2.0 years)
to 2,095 days (5.7 years). Although the average BMI
was 26.2 (SD = 5.7), 1,012 participants (21.3%) were
obese with a BMI greater than 30.
Ethnicity was examined and did not moderate the as-

sociations between diabetes and depression.

Baseline depression and later DM2
At baseline (2006–7), 18.6% (n = 882) were identified as de-
pressed based on CED ≥ 16 and/or reported depression
treatment in the past year. Individuals with depression
were significantly different in all demographic and health
measures compared to individuals without depression ex-
cept for ethnicity and length of study interval. Consistent
with previous literature [5,6], the rates of DM2 almost
doubled in depressed participants (13.3%) compared to
those without depression (7.5%) at baseline (2006–7).



Table 1 Characteristics of participants and excluded at
baseline (2006–2007)

Participants Excludeda

Mean (SD) n = 4,746 n = 1,762 p-value

Age (years) 61.3 (12.7) 63.7 (12.1) <0.001

Female (%) 69.6 61.8 <0.001

White (%) 71.6 57.2 <0.001

Level of education (%) <0.001

Trade, high school, or less 13.4 22.8

Some college or Associate’s
degree

34.6 43.2

Bachelor’s degree 26.8 18.6

Graduate degree 25.3 15.4

Low socioeconomic
statusb (%)

25.8 27.4 0.2

Married (%) 59.1 43.3 <0.001

Length of study interval
(days)

1,320.0 (220.0) 1,369.7 (249.3) <0.001

Vigorous exercise (minutes/
week)

84.7 (93.7) 75.0 (91.7) <0.001

Body mass index (kg/m2) 26.6 (5.7) 27.5 (6.2) <0.001

Depressionc (%) 18.6 23.1 <0.001

Type 2 diabetesd (%) 8.5 12.6 <0.001

Notes. For continuous variables, t-test was used to determine baseline
differences. Differences in categorical variables were analyzed using χ2 test.
aParticipants were excluded if they had missing variables for either depression
or DM2, reported as Others in their ethnicity, history of regular smoking, and/
or did not report as an active or inactive Seventh-day Adventist.
bLow socioeconomic status was defined as the number of participants who
reported a little, somewhat, fairly, and very difficult meeting expenses for basic
needs in the last year.
cParticipants were identified as depressed if they had CESD score ≥16 and/or
reported treatment for depression in the past 12 months in 2006–7.
dType 2 diabetes status referred to participants answering “yes” to either of
the following: “ever diagnosed with diabetes mellitus (Type II adult onset) by a
physician?” and/or “treated by a physician for diabetes mellitus (Type II adult
onset) in the last 12 months?” in 2006–7.

Table 2 Baseline (2006–2007) characteristics of
individuals with and without depression

Not depressed Depresseda

Mean (SD) n = 3,576 n = 765 p-value

Age (years) 61.09 (12.79) 59.31 (12.77) <0.001

Female (%) 66.8 83.9 <0.001

White (%) 71.8 75.4 0.04

Level of education (%) <0.001

Trade, high school, or less 12.9 14.9

Some college or Associate’s
degree

32.8 40.7

Bachelor’s degree 27.4 26.3

Graduate degree 26.9 18.1

Low socioeconomic
statusb (%)

22.7 38.3 <0.001

Married (%) 61.1 53.8 <0.001

Length of study interval
(days)

1320.65
(220.42)

1322.41
(225.06)

0.84

Vigorous exercise (minutes/
week)

91.62 (95.49) 62.86 (82.98) <0.001

Body mass index (kg/m2) 25.96 (5.09) 27.31 (6.30) <0.001

New incident of type 2
diabetesc (%)

2.2 3.8 0.01

Notes. For continuous variables, t-test was used to determine baseline
differences. Differences in categorical variables were analyzed using [2] test.
aParticipants were identified as depressed if they had CESD score ≥16 and/or
reported treatment for depression in the past 12 months in 2006–7.
bLow socioeconomic status was defined as the number of participants who
reported a little, somewhat, fairly, and very difficult meeting expenses for basic
needs in the last year.
cNew incident of type 2 diabetes status referred to participants answering
“yes” to either of the following: “ever diagnosed with diabetes mellitus (Type II
adult onset) by a physician?” and/or “treated by a physician for diabetes mellitus
(Type II adult onset) in the last 12 months?” in 2010–11 but answered “no” to
either questions in 2006–7.
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There were 405 (8.5%) individuals excluded due to
baseline DM2. Table 2 summarizes demographic, life-
style, and rates of DM2 in 2006–7 by depression status
for individuals without DM2 in 2006–7. Baseline depres-
sion status (2006–7) was associated with new incidents
of DM2 (2010–11), χ2 (1, N = 4,341) = 6.50, p = 0.01 with
higher rates of later DM2 (3.8%) for individuals with de-
pression versus those without depression (2.2%). After
adjusting for age, gender, ethnicity, education, socioeco-
nomic and marital status, the association of depression
with later (2010–11) DM2 was not statistically signifi-
cant, OR = 1.01, 95% CI, [0.27 – 3.79], p = 0.99. The rela-
tionship continued to be non-significant after length of
study interval, physical activity, and BMI were added
(see Table 3). In addition, the interaction between ethni-
city and depression status in 2006–7 was not a signifi-
cant predictor of DM2 at follow up (2010–11).
We conducted additional analyses to examine potential
mediators using Hayes PROCESS macro [24]. We also
controlled for age, gender, ethnicity, education, socioeco-
nomic, and maritalstatus as covariates in the PROCESS
analysis. While there were no direct effects of depression
on later DM2 (effect = 0.45; 95% CIs [−0.03, 0.93]), there
was an indirect effect of depression on later DM2 (2010–
11) mediated by BMI (effect = 0.13; 95% CIs [0.08, 0.20]).
Depression was positively related to BMI and higher BMI
increased the risk of DM2. Of note, length of clinic visit
and physical activity were not significant mediators of de-
pression and later DM2 (effect = 0.002; 95% CIs [−0.03,
0.03]), (effect = −0.02; 95% CIs [−0.08, 0.05]) respectively.

Baseline DM2 and later depression
There were no significant differences at baseline
(2006–7) between the groups by gender, socioeco-
nomic status, or length of study interval. The rate of
depression at baseline (2006–7) was higher for those
with DM2 (28.9%) compared to those without DM2



Table 3 Hierarchical logistic regression predicting new
incidents of type 2 diabetes

95% Confidence interval

Demographic OR Lower Upper p-value

Age (years) 1.04 1.02 1.06 <0.001

Gender 0.75 0.44 1.28 0.30

Ethnicity 0.85 0.23 3.09 0.80

Education level 1.16 0.93 1.43 0.18

Socioeconomic status 1.16 0.73 1.85 0.52

Marital status 1.28 0.83 1.96 0.27

Length of study interval (days) 1.00 1.00 1.00 <0.001

Vigorous exercise (min/week) 1.00 1.00 1.00 0.63

Body mass index (kg/m2) 1.13 1.10 1.16 <0.001

Depressiona (2006–7) 0.77 0.19 3.12 0.71

Depression X Ethnicity 1.70 0.65 4.41 0.28

Notes. aParticipants were identified as depressed if they had CESD score ≥16
and/or reported treatment for depression in the past 12 months in 2006–7.

Table 4 Baseline (2006–2007) characteristics of
individuals with and without type 2 diabetes

Not type 2
diabetes

Type 2
diabetesa

Mean (SD) n = 3,864 n = 288 p-value

Age (years) 61.09 (12.79) 67.48 (10.18) <0.001

Female (%) 66.8 62.8 0.18

White (%) 71.8 61.1 <0.001

Level of education (%) 0.27

Trade, high school, or less 12.9 13.6

Some college or
Associate’s degree

32.8 36.6

Bachelor’s degree 27.4 22.3

Graduate degree 26.9 27.5

Low socioeconomic
statusb (%)

22.7 20.7 0.43

Married (%) 61.1 54.7 0.03

Length of study interval
(days)

1,320.65 (220.42) 1,305.49
(205.92)

0.26

Vigorous exercise
(minutes/week)

91.62 (95.49) 73.19 (91.06) <0.01

Body mass index (kg/m2) 25.96 (5.09) 30.16 (6.42) <0.001

New incident of
depressionc (%)

8.8 12.2 0.06

Notes. For continuous variables, t-test was used to determine baseline
differences. Differences in categorical variables were analyzed using [2] test.
aSelf-reported DM2 was defined as “yes” if participants answered “yes” to
“ever diagnosed with diabetes mellitus (Type II adult onset) by a physician?”
and/or reported treatment for type 2 diabetes in the last 12 months
in 2006–7.
bLow socioeconomic status was defined as the number of participants who
reported somewhat, fairly, and very difficult meeting expenses for basic needs
in the last year.
cParticipants were identified as depressed if they had CESD score ≥16 and/or
reported treatment for depression in the past 12 months in 2010–11 but
answered “no” to treatment and had CESD score <16 in 2006–7.

Hemmy Asamsama et al. Journal of Diabetes & Metabolic Disorders  (2015) 14:25 Page 5 of 7
(17.6%). There were 882 (18.58%) of participants who
were excluded due to baseline depression status.
Table 4 lists demographic and health measures by
DM2 status for individuals without depression in
2006–7.
DM2 status at baseline (2006–7) was not statistically

significant with new incidents of later depression
(2010–11) after controlling for demographic informa-
tion, OR = 1.31, 95% CI, [0.42– 4.13], p = 0.64. The rela-
tionship between DM2 (2006–7) and later depression
(2010–11) remained non-significant after adding the
length of study interval, physical activity, and BMI to
the model (see Table 5). The interaction between ethni-
city and DM2 in 2006–7 was not a significant predictor
of new incidence of later depression at follow up
(2010–11).
Again, we examined the potential mediators using

Hayes PROCESS macro while controlling for age, gen-
der, ethnicity, education, socioeconomic, and marital sta-
tus as covariates. There was no direct effect of DM2 on
later depression (effect = 0.23; 95% CIs [−0.16, 0.63]).
However, there was an indirect effect mediated by BMI
(effect = 0.13; 95% CIs [0.05, 0.22]). DM2 was positively
associated with BMI and higher BMI increased the risk
for later DM2. Of note, length of study interval and
physical activity were not significant mediators of the
DM2 and depression relationship (effect = − 0.002; 95%
CIs [−0.02, 0.01]), (effect = 0.01; 95% CIs [−0.003, 0.05])
respectively.

Discussion
This prospective study of community dwelling Adventist
adults investigated the bidirectional relationship between
depression symptoms and DM2. It would appear that
there was no direct bidirectional relationship between
depression and DM2. This is consistent with the literature
[14] where differences were noted only in cross-sectional
studies but not prospective studies. However, this relation-
ship was mediated by an indirect effect of BMI. In both dir-
ection of depression symptoms and DM2, the baseline
disease increased the risk for having higher BMI at baseline,
which in turn increased the risk for the other disease
process. In addition, BMI continued to be a significant me-
diator even after controlling for demographic variables, the
duration between clinic visits, and physical activity.
Of note, there are baseline socioeconomic differences

unique to individuals with elevated the depression symp-
toms to later DM2 sample population. Notably, there
are higher rates of females (83.9% versus 62.8%), individ-
uals with less than graduate level degree (81.9% versus
72.5%), and experienced difficulty meeting expenses in



Table 5 Hierarchical logistic regression predicting new
incidents of depression

95% Confidence interval

Demographic OR Lower Upper p-value

Age (years) 1.00 0.99 1.01 0.93

Gender 0.71 0.54 0.92 0.01

Ethnicity 0.58 0.22 1.52 0.27

Education level 0.93 0.82 1.05 0.22

Socioeconomic status 1.42 1.10 1.83 0.01

Marital status 1.38 1.09 1.75 0.01

Length of study interval (days) 1.00 1.00 1.00 0.14

Vigorous exercise (min/week) 1.00 1.00 1.00 0.19

Body mass index (kg/m2) 1.03 1.01 1.05 <0.001

Diabetesa (2006–7) 1.11 0.35 3.54 0.86

Diabetes X Ethnicity 1.10 0.48 2.51 0.82

Notes. aSelf-reported DM2 was defined as “yes” if participants answered “yes”
to “ever diagnosed with diabetes mellitus (Type II adult onset) by a physician?”
and/or reported treatment for type 2 diabetes in the last 12 months in 2006–7.
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the past year (38.3% versus 20.7%). A large population
study found that chronic economic hardship have cumu-
lative health effects on health, including high levels of
depressive symptoms, pessimism, and hostility [25].
They found that chronic economic hardship placed indi-
viduals at a higher risk for clinical depression compared
to type 2 diabetes. Perhaps a similar dose–response associ-
ation can explain the differences in our sample population.
Other studies have examined the depression and dia-

betes relationship. For example, Palinkas et al. [6] followed
a cohort of 971 adults ages 50 and older for eight years as
part of the Rancho Bernardo Heart and Chronic Disease
Study. They found that Beck Depression Inventory (BDI)
score ≥ 11 doubled the risk for DM2 after controls. There
was no significant evidence that showed DM2 was a pre-
dictor of a positive depression screen though new depres-
sion incidence was low in this study. However, since they
only adjusted for BMI and it is unknown whether or not
BMI was a moderator for this study. Finally, they have a
longer study duration, which might explain the significant
depression to new incident of DM2 relationship. We hy-
pothesized that a significant depression to DM2 relation-
ship might emerge later if differences in chronic economic
hardship persist in the sample population with elevated
depressive symptoms. However, since chronic economic
hardship was not a study variable, caution should be exer-
cised in interpreting the cause and possible outcome of
baseline socioeconomic vulnerabilities in participants with
elevated depressive symptoms.
Given the persistent effect of BMI on the depression

and DM2 relationship, it should be extrapolated that
reducing the indirect effect of BMI on depression and
DM2 is the main implication of our findings. Perhaps
integrating treatments that focused on individuals with
greater risk would help reduce this indirect effect. For
example, depressed individuals who are experiencing
weight gain might benefit from behavioral interventions
focusing on weight loss or anti-inflammatory medications
in order to reduce the risk for later DM2. The negative
consequences of having higher BMI in conjunction at
baseline with another disease can increase the risk for
other chronic disease even in a span of 2.04 – 5.74 years.
Our results should be considered in light of the fol-

lowing strengths and weakness in the study design. The
strength of the study lies in the prospective analysis of
the relationship between depression and DM2 in a large
population of older adults. There is also a large repre-
sentative sample of Black participants. Future studies
could also examine the differences in later DM2 for indi-
viduals whose depression persisted over time compared
to those whose depression improved over time.
Limitations include the potential generalizability of the

findings given the study population. Adventists might
not accurate depict the general population experiencing
depression and type 2 diabetes. In older age groups the
BRHS sample has better reported physical and mental
health compared to the national norms for the same age
groups [17]. Also, our population has been found to have
better glycemic control [20] compared to the US popula-
tion [26]. Perhaps this could be attributed to Adventist’s re-
ligiously based health behavior recommendations such as
regular exercise, healthy diet, and abstaining from smoking
or alcohol consumption [11]. However, utilizing this popu-
lation helped reduced potential confounding factors such
as smoking or history of regular drinking. Finally, since the
study population was healthier with lower BMI compared
to the excluded participants, it is possible that the true
strength of findings might have underestimated.
The results from this study have implications to the

importance of additional support for depression screen-
ing and intervention for individuals with DM2. Given
that depression could be risk factor for later DM2,
healthcare practitioners should be increasingly aware of
relationship. Patients might benefit from additional psy-
choeducation about said relationship and providers
should also screen their diabetic clients for depression
and, if appropriate, encourage them to seek additional
care for psychological distress like depression. Address-
ing the depression and diabetes relationship more
aggressively could have bigger implications in overall
health policy and cost since there is a significantly higher
cost for diabetes patients with depression versus those
without depression [27]. It is especially important to
provide treatment for those with higher BMI since it
would appear that BMI is the link between these two
chronic diseases.
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