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Purpose: Type 2 diabetes mellitus (T2DM), a metabolic disorder, remains associated with
a physiological impairment affecting large populations worldwide. Onset of T2DM is multi-
factorial where obesity and abnormal basal metabolic rate are considered most critical. Of
people diagnosed with T2DM, about 80% are also obese. It is also reported that obese
individuals have an increased odds of developing depression, whereas T2DM is estimated to
increase the incidence by two-fold. The preponderance of research data demonstrates that
T2DM alters the serum level of cortisol and adiponectin which are known to be associated
with neuronal physiology. The study explored, how a metabolic disorder like T2DM is linked
with the altered plasma level of cortisol and adiponectin, the risk factors for stress and
depression.

Patients and Methods: A cross-sectional population study was conducted in T2DM patients
using a bimodal approach. First approach used questionnaires, (1) Patient Health Questionnaire
(PHQ-9) and (2) Stress Coping Inventory Questionnaire (SCQ) to assess signs and symptoms
of depression and stress, respectively, in T2DM patients. In the second approach, robust
biochemical analysis was conducted for serum adiponectin and cortisol levels.

Results: An association of T2DM in stress and depression was evaluated in 158 subjects
(105 T2DM obese patients and 53 healthy controls). A lower PHQ-9 score and adiponectin
levels were seen in T2DM obese patients compared to healthy controls (p<0.05). Further,
results also depicted a lower adiponectin levels in T2DM obese patients with depression
compared to T2DM obese patients without depression (p<0.05). The study did not find
a significant difference in cortisol serum levels among the T2DM and control groups.
However, a higher level of serum cortisol was reported in T2DM obese patients with
depression over those T2DM obese patients who lacked depression (p<0.05).

Conclusion: The findings suggest that T2DM obese patients might have a higher risk of
developing stress and depression. Further, biochemical parameters, adiponectin and cortisol,
might be the potential biomarkers for T2DM and may help in early diagnosis of these
comorbid conditions.
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Introduction

In 2019, an estimate of global burden of type 2 diabetes mellitus (T2DM) provided
by the IDF stood at ~463 million. In 2010, the T2DM burden for 2025 was
projected as ~438 million and it has already been surpassed by ~25 million." The
rise in global T2DM prevalence is a complex amalgamation of development of
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comorbidities, most common being obesity and depres-
sion. It is important to note that prevalence of obesity,
depression, and T2DM has increased in parallel at an
accelerating rate suggesting interdependencies in the pro-
gression of these diseases. Numerous studies indicate the
bidirectional associations between T2DM and depression,
T2DM and obesity, depression and obesity and the inter-
related risks>* One of the key meta-analys
es demonstrated that T2DM/obese patients have a 1.63-
fold increased risk of depression in comparison to T2DM
alone.” The disease triad (T2DM, obesity, and depression)
has biological pathways overlapping at the level of organs,
tissues, cells, and biochemical substrates regulating per-
ipheral and neural metabolism converging at the hypotha-
lamus-pituitary-adrenal (HPA) axis. The HPA axis is
central to an individual’s response to stressful
conditions.”® However, other potential mediators of the
obesity-depression association, such as changes in adipo-
kines, have not yet been well explored.®

Depression and T2DM are both known to activate the
HPA axis through increased sympathoadrenal system
activity.” There has been mixed evidence connecting
depression in T2DM and obesity. Some studies have
shown that depression and depression symptoms are com-
monly seen in T2DM and obese patients. In contrast, there
are studies where no such link has been found. However,
there is a reported evidence showing a bidirectional rela-
tionship between depression and T2DM which could be
explained basis neurobiological mechanism involved and
may be attributed to dysregulation in the HPA axis with
elevated cortisol levels, changes in corticotrophin-
releasing hormone levels and neurotrophins.>’

A recent meta-analysis by Gonzdlez-Castro et al,
assessed the risk of developing substantial depressive
symptoms in individuals with obesity and T2DM and
found the involvement of genetic, neurobiological and
environmental factors that contribute considerably in the
development of T2DM, obesity and depression, however,
the risks of these conditions could be different between
populations.>'’

On a closer look at the etiology of the disease triad,
stress has been found as one of the well-established con-
tributors responsible. There is a prudent possibility that
patients with T2DM and obesity, depending on their stress
responses, may or may not develop depression. The indi-
vidual’s response can form a Gaussian distribution of
a population ranging from stress resilience to stress sus-

ceptible population, suggesting that some individual suffer

greater neuropsychiatric pathophysiology than others.'' '

The relatively minor stresses associated with diabetes have
been thought to be enough to trigger depressive symptoms
in vulnerable individuals. Both normal stressors and
T2DM related distress have been linked with increased
odds of developing depressive symptoms.'*

In addition to stressful conditions, the body undergoes
biochemical alterations to correct the imbalances and coor-
dinates the stress response by releasing array of stress
mediators in various temporal compartments of body,
thus, offering a varied degree of susceptibility and resis-
tance patterns. This mechanism has been studied by
researchers, where some individuals show differential cap-
ability to cope/adapt with stress and form a distribution in
a population ranging from high degree (resilient) to low
degree of resistance (susceptible). The intriguing thing
about stress is that, it does not affect individuals in
a population, in a similar manner.'>”

Further, extensive research has established that the most
probable common biochemicals that link this disease triad
are cortisol and adiponectin. However, the alterations in
adipokines’ serum level that may be a possible link between
depression and obesity, has not explored completely. Lower
adiponectin levels and raised cortisol levels are seen in
T2DM, obesity and depression cases individually, however,
how these levels are affected in cases of comorbid condi-
tions in entirety, and the information regarding modulation
of adiponectin in diabetic and obese patients that will
develop or not develop depression is unknown.'*2°

In the present study an attempt was made to understand the
behavior of T2DM subjects who exhibit two distinctive beha-
vioral phenotypes (one showing depressive behavior/symp-
toms and the other showing no depressive behavior or
symptoms) associated with their differential sensitivity to
stress (stress resilient or susceptible), quantified by stress
questionnaire response and levels of biochemical markers
directly or indirectly related to stress (adiponectin and
cortisol).

Study Rationale
The study rationale is presented in Figure 1.

It is unknown whether any biochemical changes can be
estimated in a population that can differentiate the popula-
tion into stress-resilient and stress-susceptible individuals
and further into those that will develop or not develop
depression. The body coordinates the stress response by
secreting multiple stress modulating mediators which
transmitters

includes (nor-epinephrine/epinephrine/
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Figure | The figure represents study rationale. The figure also depicts how biochemical parameters (cortisol and adiponectin) are associated with stress including both
stress resilient and susceptible populations. (11 — mild increment; 111 — moderate increment; 1111 — high increment; || — mild reduction; ||| — moderate reduction; | ||| -

high reduction; <> — no change).

serotonin), peptides (corticotrophin-releasing factor,
dynorphins), hormones (cortisol in humans and corticos-
terone in rodents, angiotensin). The complexity of an
orchestrated stress response occurs at various levels, but
most theories revolve around cortisol levels. The imbal-
ance in cortisol levels is a good predictor of the over-
activated stress axis. The cross-play of cortisol is also
found in metabolic disorders, particularly diabetes and
obesity. Besides, adiponectin’s recent involvement,
a collagen-like plasma protein secreted by adipocytes is
also suggested to play a substantial role in the develop-
ment of insulin resistance, obesity, and depression. The
protein has been found to be decreased in cases of insulin
resistance, diabetes, and depression, but what is the degree
of reduction? The answer to this question is still unknown.

Therefore, in the present study, we aimed to identify
the biochemical levels that can differentiate diabetic/obese
peoplewith or without depression can undoubtedly help in
the diagnosis and prognosis of these comorbid conditions.
The most probable biochemical parameters that link all
these three comorbid conditions of T2DM, obesity, and

depression, are cortisol and adiponectin. The lower

adiponectin levels are also reported with increased cortisol
levels in diabetes, obesity, and depression individually.
However, how these levels are affected in entirety and
the information regarding modulation of adiponectin in
diabetic and obese patients that will develop or not
develop depression is unknown.

Patients and Methods
Study Design

This was a cross-sectional study.

Study Investigational Plan
The investigation plan of the study is depicted in Figure 2.

Study Population

Male and female patients, aged >18 years and <65 years,
diagnosed with T2DM using the American Diabetes
Association criterion of HblAc >6.5% were enrolled
after a written informed consent was obtained. Other
inclusion criteria included, patients treated with antidia-
betic treatment for at least last six months, body mass
index >30.0 kg/m?, able to understand and comply with
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Figure 2 The figure demonstrates investigation plan of the study.

study procedures. Control group included male and female
subjects aged >18 years and <65 years who provided
written informed consent and had no clinically significant
illness and/or disease such as absence of T2DM, no history
or current depression/anxiety or any other psychiatric dis-
order, ability to understand and comply study procedures.
Patients with a history or current smokers, drug or alcohol
dependence, currently diagnosed or having history of any
major psychiatric illness, uncontrolled hypertension (blood
pressure 180/105 mmHg or above), patient on psychotro-
pic drugs, pregnant or breast-feeding women, patients
unable or unwilling to give written informed consent
were excluded from the study. Patients visiting the diabetic
clinic and medicine outpatient department (OPD) were
approached for participation. Healthy controls visiting for
routine check-ups or along with the patients were also
approached for participation.

Clinical Data

Demographic and clinical data were collected in the stan-
dard format for height, sex, age, weight, duration of
T2DM and concomitant medications. The body mass
index for each subject was deducted using standard for-
mula. For T2DM patients, HbAlc and blood glucose
levels were recorded and health check-up reports and

biochemical parameters relevant to the study of the healthy
participants were obtained.

Serum Adiponectin Analysis

The blood samples were collected in the early morning
hours (between 06:00 and 08:00 am), where 5 mL approx-
imate was obtained from participants in a fasting condi-
tion. The serum was separated from the blood according to
the procedures mentioned in the ELISA manual. Serum
adiponectin levels were quantified for each 40 pL of serum
samples using a highly sensitive ELISA kit (RayBio®
Human Acrp30 ELISA Kit).

Serum Cortisol Analysis
As levels of cortisol in serum are affected by episodic
secretion of cortisol and the resulting diurnal variation,
samples were collected during early morning hours
(between 06:00 and 08:00 am) to have consistent and
uniform cortisol measurement. A blood sample of
approximately 5 mL was obtained in a fasting condi-
tion. The serum was separated from the blood accord-
ing to the standard procedures of ELISA and serum
cortisol levels quantified

were using

chemiluminescence.
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Assessment of Stress

Stress Coping Resources Inventory questionnaire (SCQ)
was used to assess the stress in patients. As people differ
remarkably in their responses to potentially stressful events,
about one in ten persons come out of captivity as mentally
healthier. In contrast, others may face extreme emotional
difficulty and find it difficult to cope with stress conditions.
SCQ helps in the assessment of the factors that are asso-
ciated with managing success. With high test-retest reliabil-
ities and internal consistency, the SCQ helps anticipate
personality type, emotional distress, occupational choice,
life satisfaction, illness, and drug dependency.”!

Assessment of Depression

The state of depression/depressive symptoms was assessed
using the well-accepted Patient Health Questionnaire
(PHQ-9). PHQ-9 is a self-administered version of the
diagnostic instrument for common mental disorders. It
constitutes depression module, which scores nine DSM-
IV domains. Each PHQ-9 domain is recorded using scores
ranging from 0-3, depicting (not at all) or (nearly
every day), respectively.”

Statistical Analysis

Two clusters among the diabetic population were identi-
fied using the biochemical parameters (cortisol and adipo-
nectin). The questionnaire-based scores (PHQ-9 and SCQ)
and variables independently identified two other clusters
among the T2DM population using K-means cluster ana-
lysis. After identification of clusters, ANOVA was per-
formed on the control group (A) and diabetic group (B),
and the two identified clusters from the diabetic group:
diabetes/obese without depression (C1) and diabetes/obese
with depression (C2). If p<0.05 was detected in Tukey’s
test-based comparisons, the individual group results were
considered significantly different. The clusters identified
based only on biochemical parameters and those identified
by the questionnaire-based scores (PHQ-9 and SCQ) were
then compared to evaluate the accuracy of the identified
clusters (meaning the same subjects were identified in two
clusters from the diabetic groups C1 and C2). Cluster
analysis was performed using R-project; R version 3.5.3.

Sample Size Estimation

The study was carried out to test the hypothesis that the
subjects with T2DM demonstrates two phenotypes that
can be identified based on (1) patients’ response to stress,

estimated by questionnaire responses (PHQ-9 and SCQ),
and; (2) the levels of biochemical markers directly or
indirectly related to stress (adiponectin and cortisol).
Assuming a typical SD of 40% (using a two-tailed #-test
of difference between means) for adiponectin and cortisol
levels, a sample size of 42 subjects per group (depression
and no depression) and control (nondiseased) was consid-
ered sufficient to detect a significant difference of 20%
between groups for cortisol and adiponectin levels (sepa-
rately) with coverage probability of 95%, (0=0.05,
power=0.8, $=0.2) giving a total population of 126 sub-
jects. Considering a dropout rate of 20%, the sample size

required was 153 (51 per group).>**

Results
The demographic characteristics are presented in Table 1.
All study participants were administered PHQ-9 and SCQ
questionnaires. Basis participants responses to PHQ-9, two
clusters were identified (a) depressive and, (b) nondepres-
sive phenotype. SCQ scores were then used to identify two
independent clusters, (a) stress susceptible and, (b) stress-
resilient. The literature evidence also suggests the indirect
possibilities of two phenotypes (a) diabetic/obese with
depression and (b) diabetic/obese without depression.
The strength of these questionnaires in identifying the
same clusters from the diabetic population in the study
alludes to the possibility of differential responses to stress
and further risk(s) of developing depression. Central to the
hypothesis of these identified clusters different from each
other and yet similar in HbAlc and BMI values indicates
the homogeneity of diabetes population in the background,
but when looking closely at the level of stress responses
sheds light on the two phenotypes (Tables 2 and 3). As
a result, shown in Figure 3A, 83% similarity of clusters
(C1 and C2) and no clusters identified in control popula-
tion further strengthens that there is one subset of the
diabetic population which is at higher propensity to
develop depression (stress vulnerable) compared to
another subset which is resilient to the effects of stress.
Similar clusters from the diabetic population were iden-
tified based on biochemical estimations of adiponectin and
cortisol (Tables 4 and 5). First, individual cluster analysis
was conducted where subjects were categorized into clus-
ters based on cortisol (p-value <0.001) and adiponectin
levels (p-value=0.001) followed by combined cluster ana-
lysis using both biochemical parameters (Table 5). Cluster
similarity was found in 71% of subjects (Figure 3A and B).
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Table | Demographic Characteristics

Control (N=53) Diabetes/Obese Diabetes/Obese ClI Diabetes/Obese C2
(N=105) (N=61) (N=44)
Mean SEM Mean SEM Mean SEM Mean SEM
Age (Years) 45.08 I.11 47.30 0.82 46.57 1.16 48.32 1.10
Height (cm) 152.45 1.12 151.42 0.75 152.38 1.03 150.10 1.08
Weight (kg) 69.95 1.36 76.17 1.00 76.70 1.00 7543 1.56
RBS (mg/dl) 108.92 3.20 204.90 8.36 215.05 10.02 191.90 13.94
SBP (mmHg) 136.26 2.10 135.59 1.76 134.70 2.30 136.82 2.75
DBP (mmHg) 88.34 .19 87.22 0.89 88.05 1.23 86.07 1.25
Pulse (Beats per Minute) | 95.79 1.18 94.03 0.94 93.66 1.05 94.55 1.72
Control (N=53) Diabetes/Obese Diabetes/Obese ClI Diabetes/Obese C2
(N=105) (N=61) (N=44)
M (%) | F (%) M (%) F (%) M (%) F (%) M (%) F (%)
Gender 49 51 25 75 25 75 25 75

Abbreviations: Cl, diabetes/obese patients without depression; C2, diabetes/obese patients with depression; SEM, standard error of the mean; RBS, red blood cells; SBP,

systolic blood pressure, DBP, diastolic blood pressure; M, male; F, female.

Further, the cluster symmetry/similarity was assessed
based on biochemical parameter analysis and was com-
pared with questionnaire responses where, the accuracy
of similar cluster formation by these two independent
analyses was found as 85% (Figure 3C). Considering the
same clusters (C1 and C2) identified, final clusters—

diabetic obese without depression (diabetic/obese-C1)
and diabetic obese with depression (diabetic/obese-C2)
—were identified utilizing questionnaire response and
biochemical parameter estimations together. Of 105 dia-
betic subjects, 61 (58%) belong to C1 and 44 (42%) to
the C2 group.

Table 2 Independent Cluster Analysis Based on Scores from PHQ-9 and SCQ Questionnaires

PHQ-9 (Score) SCQ (Score)
Diabetes/ Diabetes/Obese Diabetes/Obese Diabetes/ Diabetes/Obese Diabetes/Obese

Obese Cl Cc2 Obese Cl C2
N 105 46 59 105 64 41
Average 9.0 45 12.5 2.6 3.1 1.8
Score
SD 4.58 2.05 2.40 0.73 0.37 0.35
SEM 0.447 0.302 0.312 0.071 0.046 0.054
Maximum 16.0 8.0 16.0 38 38 24
Minimum 1.0 1.0 9.0 1.3 2.5 1.3
Median 9.0 4.0 13.0 2.6 3.1 1.7
Score
p-value <0.001 <0.001

Abbreviations: Cl, diabetic/obese patients without depression; C2, diabetic/obese patients with depression; PHQ-9, Patient Health Questionnaire; SCQ, Stress Coping

Resources Inventory; SEM, standard error of the mean.
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Table 3 K-means Cluster Analysis: Identify Two Clusters Based on Scores from PHQ-9 and SCQ Questionnaires
PHQ-9 (Score) SCQ (Score)
Diabetes/ Diabetes/Obese Diabetes/Obese Diabetes/ Diabetes/Obese Diabetes/Obese
Obese Cl C2 Obese Cl C2
N 105 46 59 105 46 59
Average 9.0 4.5 12.5 2.6 3.1 2.2
SD 4.58 2.05 2.40 0.73 0.35 0.67
SEM 0.447 0.302 0312 0.071 0.052 0.087
Maximum 16.0 8.0 16.0 38 38 37
Minimum 1.0 1.0 9.0 1.3 2.5 1.3
Median 9.0 4.0 13.0 2.6 3.1 2.1
p-value <0.001 <0.001

Abbreviations: Cl, diabetic/obese patients without depression; C2, diabetic/obese patients with depression; HbAlc, glycated hemoglobin; PHQ-9, Patient Health

Questionnaire; SCQ, Stress Coping Resources Inventory; SEM, standard error of the mean.

The next question addressed in the study was how much
these identified clusters in a diabetic population are (1)
different from each other; (2) different from parent diabetic
pool (2) and different from the control population in the
study. The diabetic population group was different from
control. When these clusters were tested for the percentage
change in comparison to the control population and their
parent diabetic population, for BMI, HbA1C, the clusters
and parent diabetic pool were similar to each other; how-
ever, both the clusters and diabetic pool have significantly
higher BMI, HbA1C values compared to control (Figure 4;
Table 6). BMI values of diabetic parent pool (27%), dia-
betic/obese: C1 (26%), and diabetic/obese: C2 (27%) were

Cluster Similarity
A (SCQ & PHQ-9) B

17

m % Similarity in clusters = % Dissimilarity in clusters = % Similarity in clusters

Cluster Similarity
(Cortisol and Adiponectin)

% Dissimilarity in clusters

significantly higher in comparison to control and (2) HbAlc
values of diabetic parent pool (87%), diabetic/obese: Cl
(87%), and diabetic/obese: C2 (87%) significantly higher
in comparison to control. The similarity of BMI values and
HbAlc values of the diabetic pool and the two clusters
reinforces the homogeneity of the diabetic population across
the standard markers of a diabetes diagnosis.

When these clusters were tested for percentage com-
pared to control the population and their parent diabetic
population, for cortisol and adiponectin levels, the clusters
were different from each other and from the parent diabetic
pool (Figure 4; Tables 6 and 7). Serum level of cortisol in
the diabetic parent pool (7%) showed no change, diabetic/

Cluster Similarity
C Adiponectin+Cortisol vs
PHQ-9+SCQ

i3

= % Similarity in clusters = % Dissimilarity in clusters

Figure 3 The figure demonstrates cluster similarity across study population of diabetes. (C|: diabetic/obese patients without depression; C2: diabetic/obese patients with
depression). (A) Similarity of clusters based on questionnaire scores: two clusters were identified by independently using SCQ and PHQ-9 questionnaire score as variables
employing K-means cluster analysis. The independent clusters (C| and C2) identified by SCQ scores and (C| and C2) of PHQ-9 scores were matched subject to subject for
accuracy estimations. (B) Similarity of clusters based on biochemical evaluations: two clusters were identified by independently using adiponectin and cortisol levels as
variables employing K-means cluster analysis. The independent clusters (C| and C2) identified by adiponectin levels and (C| and C2) of cortisol levels were matched subject
to subject for accuracy estimations. (C) Similarity of clusters based on questionnaire scores vs biochemical evaluations: two clusters were identified by independently using
(1) SCQ and PHQ-9 questionnaire score as two variables together and (2) adiponectin and cortisol levels as two variables together. The independent clusters (C| and C2)
identified by questionnaire scores and of (Cl and C2) of biochemical evaluations were matched subject to subject for accuracy estimations.
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Table 4 Independent Cluster Analysis Based on Cortisol and Adiponectin Levels

Cortisol (ug/dL) Adiponectin (ug/mL)
Diabetes/ Diabetes/Obese Diabetes/Obese Diabetes/ Diabetes/Obese Diabetes/Obese

Obese Cl C2 Obese Cl C2
N 105 62 43 105 62 43
Average 11.0 83 15.0 2.8 3.2 2.0
SD 4.30 2.55 3.03 0.88 0.79 0.38
SEM 0.420 0.323 0.462 0.086 0.100 0.058
Maximum 22.7 1.4 22.7 6.3 6.3 2.7
Minimum 0.6 0.6 11.8 1.3 22 1.3
Median 10.6 9.1 13.7 2.7 3.1 2.1
p-value <0.001 =0.001

Abbreviations: Cl, diabetic/obese patients without depression; C2, diabetic/obese patients with depression; SEM, standard error of the mean.

obese: C1 (—20%) showed significantly lower, and diabetes:
C2 (45%) showed significantly higher values in comparison
to control and serum level of adiponectin of diabetes parent
pool (—61%), diabetic/obese-C1 (—56%), and diabetic/
obese: C2 (—71%), all showed significantly lower values
in comparison to control. A point to note for both clusters,
and these changes were statistically different irrespective of
the direction of change. Though serum cortisol levels of the
diabetic pool were not different from the control population,
in identified clusters, the marked differentiation of diabetic/
obese: C1 showed lower values of cortisol and diabetic/
obese: C2, showing higher values of cortisol, suggesting
that diabetic/obese: C1 can be considered stress-resilient.

The group diabetic/obese: C2 can be regarded as stress
vulnerable owing to high values of cortisol linked to
a higher degree of stress perception. The argument is further
strengthened with adiponectin levels showing a lower
reduction in diabetic/obese: C1 (—56%) compared to dia-
betic/obese: C2 (—71%) with an absolute 15% more reduc-
tion in diabetic/obese: C2 (stress vulnerable based on
cortisol values) goes well with the literature wherein
lower values of adiponectin are associated with stress per-
ception. A point to note is that diabetes, being the back-
ground disease, is shown to have lower adiponectin values
than control, which aligns with the available literature. The
diabetic pools clusters reinforce that the stress vulnerable

Table 5 K-means Cluster Analysis: Identify Two Clusters Based on Cortisol and Adiponectin Levels

Cortisol (pg/dL) Adiponectin (ug/mL)
Diabetes/ Diabetes/Obese Diabetes/Obese Diabetes/ Diabetes/Obese Diabetes/Obese

Obese Cl Cc2 Obese Cl Cc2
N 105 62 43 105 62 43
Average 1.0 83 15.0 2.8 32 2.0
SD 4.30 2.55 3.03 0.88 0.79 0.38
SEM 0.420 0.323 0.462 0.086 0.100 0.058
Maximum 227 1.4 22.7 6.3 6.3 27
Minimum 0.6 0.6 11.8 1.3 22 1.3
Median 10.6 9.1 13.7 27 3.1 2.1
p-value <0.001 =0.001

Abbreviations: Cl, diabetic/obese patients without depression; C2, diabetic/obese patients with depression; SEM, standard error of the mean.
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Figure 4 Percent change from control of total diabetes populations and two identified clusters among diabetes population (Cl: diabetic/obese patients without depression;

C2: diabetic/obese patients with depression).

(diabetic/obese: C2) based on cortisol values have much
lower adiponectin values than the stress-resilient group
(diabetic/obese: C1).

Table 6 Variations of Different Variables

Variables Control | Diabetes/ | Diabetes/ | Diabetes/
(N=53) Obese Obese Obese
(N=105) cl c2
(N=61) (N=44)
BMI (kgim?) | 26.1+2.2 | 33.1#3.1° | 33.0£3.1° | 33.2%3.1°
HbAIlc (%)* 46%1.0 8.6x1.5° 8.6x1.5° 8.6x1.6°
Cortisol (ug/ | 103#£35 | 11.0£43 | 82+2.6°° | 14.9+3.1>
dL) cd
Adiponectin | 7.2£20 | 2.8x0.9° | 3.2£08°¢ | 2.1£04°°
(ng/mL) ¢
PHQ-9 6.01.6 9.0£4.6° 5.8+2.9" | 13.4x2.0"
(Score) ed
SCQ (Score) | 2.7+0.5 2.6£0.7 3.120.4°° | 1.8£0.4°°
d

Notes: N for HbAIC variable (control; N=53; diabetes/obese; N=89; diabetes/
obese (Cl; N=52); diabetes (C2; N=37). "Significantly different from control group
(p<0.05). Significantly different from diabetes group (p<0.05). %Significantly differ-
ent from diabetes cluster (CI) group (p<0.05).

Abbreviations: Cl, diabetic/obese patients without depression; C2, diabetic/
obese patients with depression; HbAlc, glycated hemoglobin; PHQ-9, Patient
Health Questionnaire; SCQ, Stress Coping Resources Inventory.

When these clusters were tested for percent change
compared to the control population and their parent dia-
betic population, for PHQ-9 and SCQ scores, the clusters
were different from each other and the parent diabetic pool
(Figure 4; Tables 6 and 7). PHQ-9 scores of the diabetic
parent pool (50%) showed significantly higher, diabetic/
obese: C1 (—3%) showed no change, and diabetic/obese:
C2 (123%) showed significantly higher values in compar-
ison to control and SCQ scores of the diabetic parent pool
(—4%) showed no change, diabetic/obese: C1 (15%)
C2
(—33%) showed significantly lower values in comparison

showed significantly higher, and diabetic/obese:
to control. A point to note for both clusters, is that the
changes were statistically different irrespective of the
direction of change. Though SCQ scores of the diabetic
pool were not different from the control population, how-
ever, in identified clusters, the marked differentiation of
diabetic/obese: C1 showing higher scores (representative
of stress coping capacity) and diabetic/obese: C2 showing
lower scores (suggestive of stress no-copers). This further
highlights that diabetic/obese: Cl1 is a stress-resilient popu-
lation which is in line with the observed cortisol (lower
values than C2) and adiponectin response (higher values
than C2) in this study. The differentiation of cluster is
further strengthened with PHQ-9 scores showing the pro-
pensity of stress vulnerable population (diabetic/obese:
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Table 7 ANOVA Variance Analysis Results for Different Variables

Source of Variation SS df MS F p-value F Crit
BMI

Between groups 2093.10 3 697.70 78.60 <0.001 2.64

Within groups 2299.18 259 8.88 - - -
HbAIc

Between groups 651.41 3 217.14 107.72 <0.001 2.64

Within groups 457.58 227 2.0l - - -
PHQ-9

Between groups 1869.16 3 623.05 53.83 <0.001 2.64

Within groups 2997.80 259 11.58 - - -
SCQ

Between groups 1869.16 3 623.05 53.83 <0.001 2.64

Within groups 2997.80 259 11.5745 - - -
Cortisol

Between groups 1153.25 3 384.42 29.58 <0.001 2.63

Within groups 3365.67 259 12.99 - - -
Adiponectin

Between groups 872.26 3 290.76 230.71 <0.001 2,63

Within groups 326.40 259 1.26 - - -

Notes: ANOVA was performed on the control group (A) and diabetic group (B) and the two identified clusters from diabetic group (Cl and C2) and the results for
individual group were considered significantly different if p<0.05 was observed in Tukey’s test-based comparisons. The clusters identified based on biochemical parameters
alone were then compared with clusters identified by the questionnaire-based scores (PHQ-9 and SCQ) to evaluate the accuracy of the identified clusters. Cluster analysis

was performed using R-project; R version 3.5.3.

Abbreviations: Cl, diabetic/obese patients without depression; C2, diabetic/obese patients with depression; SS, sum of squares; df, degree of freedom; MS, sum of mean
squares; F, statistics; L, linear; Q, square; BMI, body mass index; HbAlc, glycated hemoglobin; PHQ-9, Patient Health Questionnaire; SCQ, Stress Coping Resources

Inventory.

C2) of the absolute average score of 13.4 (123% higher
score than control) and stress-resilient population (dia-
betic/obese: C1) of the absolute average score of 5.8 (no
change from control). The data further suggests that the
diabetic population has a significantly higher PHQ-9 score
(9.0; 50% higher score than control), which apparently is
coming from the diabetes/obese-C2 cluster. The higher
scores of diabetic/obese: C2 cluster are suggestive of
moderately depressed phenotype, which goes well with
complete data wherein this group has high cortisol values,
comparatively lower adiponectin values, lower SCQ
scores, and high PHQ-9 scores and diabetic/obese: C1
cluster with no markers (biochemical or questionnaire-
based) indicating depression conferring to their strong

stress-resilient mechanisms.

Discussion

Reduced levels of adiponectin in T2DM patients were seen
in comparison to control group, which supports the fact
that higher adiponectin levels are associated with a lower
risk of T2DM. Adiponectin is one of the consistent bio-
chemical predictors of T2DM which is under investigation
worldwide. However, the studies have not yet established
the scientific basis of the causality, the consistency of this
association across large and diverse populations, any pos-
sible dose-response relationship, and the supportive find-
ings in studies that may indicate that adiponectin might be
a promising target for the reduction of risk of T2DM."
A similar cross-sectional study demonstrated significantly
lower adiponectin levels in diabetics than in nondiabetic

participants.”> Similar findings were seen in a community-
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based research and a prospective longitudinal study with
a follow-up of three years.”®*” Adiponectin has been sug-
gested to activate the AMP-activated protein kinase path-
way, resulting in reduced serum level of glucose. It also
has anti-inflammatory and insulin-sensitizing properties.
Insulin resistance and obesity have been linked to meta-
bolic inflammation believed to trigger T2DM
development.?®

Multiple cross-sectional clinical studies have demon-
strated high depression prevalence in T2DM patients.?®’
In similarity, the present study also observed that T2DM
obese patients with depression had a lower adiponectin
levels compared to T2DM obese patients without depres-
sion. Various meta-analyses and clinical studies have indi-
cated that depressive patients have a decreased adiponectin
level compared to healthy subjects.**>? These findings are
supported by preclinical evidence. In an animal study,
activation of depressive-like behavior induced by stress
was seen when neutralizing antibodies of adiponectin
were injected. The depressive behavior was reversed
once the exogenous adiponectin was injected in diabetic
mice and it resulted in antidepressant-like behavioral
changes.>

The present study also showed increased serum cortisol
levels in T2DM obese patients with comorbid depression
compared to the group without depression, which is in
with  the 3436

Dysregulation in hypothalamic-pituitary-adrenal

concurrence reported  findings.
the
(HPA) axis and release of cortisol plays a pivotal role in
further

secretes arginine, vasopressin, and corticotropin-releasing

depression  pathophysiology.>” Hypothalamus

hormone in response to various stressors, both psycholo-
gical and physical.*®

It is extensively suggested that raised secretion of
cortisol during chronic stress leads to depression.*

Metabolic disorder is linked with the fluctuating
plasma level of cortisol, a key player that triggers
a higher risk of insulin resistance, hyperglycemic state,
upsurge in hypertension cases, reduced high-density
lipoprotein cholesterol (HDL-C), elevated triglycerides,
and abdominal obesity.** T2DM also triggers differential
cortisol levels during stress and depression, further
increasing the risk of metabolic syndrome. It was also
reported that adiponectin is involved in various physio-
logical events including regulating deposition of visceral
fats,
atherosclerotic and anti-inflammatory.*'

triglyceride levels and acts as an anti-

Presence of
T2DM also alters the plasma level of adiponectin and

affects associated functions that might increase the like-
lihood of developing metabolic disorders. Stress and
depression also have a distinct impact on adiponectin’s
plasma level which triggers the risk of metabolic disease
via a parallel mechanism.

The cross-sectional design of this study did not allow
(1) longitudinal follow-up to assess the changes in adipo-
nectin and cortisol along with glycemic control over
a period of time. (2) The interference of concurrent med-
ications on the questionnaire responses and biochemical
levels cannot be ruled out. (3) Clinical studies involving
the use of antidiabetics and antidepressants that may have
effects on the other disease symptoms can add benefit to
validate the data produced.

Conclusions
Evidence suggests that depression is present in about one-
third of T2DM patients.*

Our study demonstrates that presence of depression
increases from one-third to one-half in T2DM patients, if
patient have additional comorbidity of obesity. Glycemic
control in T2DM patients having obesity and depression is
difficult to maintain by reaching their HbAlc goals.
Factors including patient adherence to medication as
a lever of good self-care practices is limited in depressive
conditions, and they have twofold risk of missing doses
compared with those without depression. Frequent mon-
itoring of glycaemic control is considerably more impor-
tant to T2DM/obese patients exhibiting clinical signs of
depression.

The results accumulated in the study may not reflect
the true burden of depression in T2DM/obese pool. The
patients were screened and selected from a specialized
tertiary hospital in a metropolitan area of Delhi. Doing
dynamic real-world evidence studies in primary/second-
ary health care setting will be reflective of true the
burden of depressive phenotype in the T2DM/obese
pool. Our study did not include non-T2DM/obese con-
trols having depression for comparison, limiting the
inferences linking the triad of diabetes, obesity, depres-
sion and possible role of diabetes/obesity in depression
and reciprocated effects on durability of glycemic con-
trol. Cross-sectional study by design only allowed to
bring the associations between diabetes/obesity and
depression, however, a longitudinal study design will
be best suited to investigate the interdependencies of
comorbidities.
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