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Diabetes is a major public health problem worldwide. Depression is a serious mental condition that decreases
mental and physical functioning and reduces the quality of life. Several lines of evidence suggest a bidirectional relationship between diabetes and depression: diabetes patients are twice as likely to experience depression than
nondiabetic individuals. In contrast, depression increases the risk of diabetes and interferes with its daily self-management. Diabetes patients with depression have poor glycemic control, reduced quality of life, and an increased
risk of diabetes complications, consequently having an increased mortality rate. Conflicting evidence exists on the
potential role of factors that may account for or modulate the relationship between diabetes and depression. Therefore, this review aims to highlight the most notable body of literature that dissects the various facets of the bidirectional relationship between diabetes and depression. A focused discussion of the proposed mechanisms underlying this relationship is also provided. We systematically reviewed the relevant literature in the PubMed database,
using the keywords “Diabetes AND Depression”. After exclusion of duplicate and irrelevant material, literature eligible for inclusion in this review was based on meta-analysis studies, clinical trials with large sample sizes (n
≥1,000), randomized clinical trials, and comprehensive national and cross-country clinical studies. The evidence
we present in this review supports the pressing need for long, outcome-oriented, randomized clinical trials to determine whether the identification and treatment of patients with these comorbid conditions will improve their
medical outcomes and quality of life.
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INTRODUCTION

Several lines of evidence suggest a bidirectional relationship between diabetes and depression. Indeed, a diagnosis with diabetes

The global prevalence of diabetes has increased from 4.7% in 1980 to
1)

mellitus increases the risk of depression. In contrast, depression is a

8.5% in 2014. According to estimates by the International Diabetes

well-established risk factor for diabetes in nondiabetic individuals,

Federation, 415 million adults have been diagnosed with diabetes

and it accelerates the occurrence of complications and contributes to

mellitus (DM) worldwide, with a prevalence reaching as high as 8.8%

poor glycemic control in diabetes patients. In the following sections,

in 2015. Approximately 75% of these individuals live in low- and mid-

we attempt to dissect the different facets of this relationship using evi-

dle-income countries where the increase in the number of cases is

dence from the relevant literature that either supports or refutes de-

even higher than the global rate. According to the Non-Communicable

pression as a comorbid condition.

Disease Collaboration, in 2016, the highest national prevalence rates
were registered in the Oceania region, the Middle East, and North Africa.1) This increase was even faster in low- and middle-income coun-

PREVALENCE AND RISK OF DEPRESSION AMONG
DIABETES PATIENTS

tries compared to the global rate. According to the Non-communicable Disease Collaboration, in 2016, the highest national prevalence

A careful review of the literature reveals a wide variation in estimates of

rates were registered in the Oceania region, the Middle East, and North

depression prevalence among diabetes patients, depending on the

1)

Africa. Most diabetes patients fall into one of two broad categories:

studied diabetes type, patients’ age and sex, methods of depression as-

type 1 diabetes mellitus (T1DM) or type 2 diabetes mellitus (T2DM),

sessment, geographical location, and study design (Tables 1, 2). After

with T2DM being the most prevalent. Due to the high prevalence of

reviewing 20 relevant studies, Gavard et al.4) in 1993 estimated the

mental disorders among diabetes patients, particularly those with

prevalence of depression to be at least three times higher among dia-

2)

T2DM, the American Diabetes Association guidelines of 2016 recom-

betes patients than among the US general adult population. Anderson

mended that diabetes patients should routinely be screened for men-

et al.5) in 2001 reviewed 39 studies with a sample size of 20,218 subjects

tal health problems such as depression, diabetes-related distress, anxi-

to determine the prevalence and odds of depression in those with and

ety, eating disorders, and cognitive impairment.

without diabetes. In the studies that had a nondiabetic control group,

In 2017, the World Health Organization estimated that 350 million

the combined odds of depression in the diabetes group were twice

people worldwide were affected by depression, a common mood dis-

that of the nondiabetic group (odds ratio [OR], 2.0; 95% confidence in-

order. The hallmark of major depressive disorders (MDD), as stated in

terval [CI], 1.8–2.2; P<0.0001). Diagnosis with MDD was evident in

“the diagnostic and statistical manual (DSM) of mental disorders (fifth

11.4% of diabetes patients, while 31% reported the occurrence of de-

edition)” is the presence of persistent loss of interest or pleasure in ac-

pressive symptoms. Diabetic women had a higher prevalence of de-

tivities that the individual normally enjoys, sadness, and despair ac-

pressive symptoms than diabetic men (28% versus 18%; OR, 1.6; 95%

companied by an inability to carry out daily activities, for at least 2

CI, 1.4–1.8; P<0.0001). Moreover, the meta-analysis by Ali et al.6) in

weeks.3) Depending on the severity of the symptoms, depression can

2006 suggested that one in six people with T2DM are likely to experi-

be mild, moderate, or severe.

ence depression. The prevalence of depression in their study was sig-

Table 1. Meta-analysis studies reporting the prevalence of depression in diabetes patients
Meta-analysis
study

Included study
design

Diabetes
type

Method of depression
assessment (no.)

Sample source (no.)
Community (5), clinics (11),
hospital (3), clinics+hospital
(1)

Gavard et al.
(1993)4)

20 Studies: 9
controlled, 11
uncontrolled

Both

Structured diagnostic
interviews (9), depression
symptom scales (11)

Anderson et al.
(2001)5)

42 Studies: 20
controlled, 22
uncontrolled

Both

Structured diagnostic
Community (14), clinic or
interviews (14), depression hospital (27), unspecified
setting (1)
symptom scales (27),
both (1)

Ali et al. (2006)6)

10 Controlled
studies

T2DM

Structured diagnostic
interviews (3), patient
notes (1), depression
symptom scales (6)

Primary care (2), secondary
care (1), community (7)

Prevalence
Structured diagnostic interviews: controlled studies,
8.5%–27.3% (mean, 14.0%); uncontrolled studies,
11.0%–19.9% (mean, 15.4%)
Depression symptom scales: controlled studies,
21.8%–60.0% (mean, 32.4%); uncontrolled
studies, 10.0%–28.0% (mean, 19.6%)
All studies, 25.3%; T1DM, 21.3%; T2DM, 27.0%;
controlled studies, 21%; uncontrolled studies,
30%; diabetic women, 28.2%; diabetic men,
18.0%; clinical samples, 31.7%; community
samples, 20.1%; self-report questionnaires,
31.0%; standardized diagnostic interviews, 11.4%
17.6%; no difference between different methods of
depression assessment or different sample sources

Controlled studies have a nondiabetic control group in addition to the diabetic group. Uncontrolled studies do not have a nondiabetic control group.
T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.

https://doi.org/10.4082/kjfm.2018.39.3.137

Crosssectional

Meta-analysis 18 Cross-sectional and 4
case-control studies
(5,554 T2DM patients)

Lin et al.
(2008)8)

Lopes et al.
(2016)9)

-

-

Varied according
to country

69.5±9.4
(>50 y)

Patient’s age (y)

Systemic review

Meta-analysis

Community

Community

Sample source

Meta-analysis

Zhuang et al. (2017)16)

(1) Risk factor for T2DM;
(2) risk factor for depression
(1) Risk factor for T2DM;
(2) risk factor for depression
(1) Risk factor for T2DM;
(2) risk factor for depression

(1) Risk factor for T2DM;
(2) risk factor for depression
(1) Risk factor for T2DM;
(2) risk factor for depression

Endpoint(s)

(1) 32 Studies; (2) 24 studies

Community sample: (1) 5,201 nondiabetics at baseline;
(2) 4,847 non-depressed participants
Community sample: (1) 8,311 participants with
symptoms of anxiety or depression; (2) 337
participants with diabetes
(1) 5,201 Participants without diabetes at baseline;
(2) 4,847 participants without depression at baseline
(1) 13 Studies; (2) 7 studies

-

-

-

-

CES-D

HADS-D

BDI

Diabetes
assessment

-

ADA criteria
2003
-

(1) RH, 1.21 (0.87–1.67)‡;
(2) OR, 1.52 (1.09–2.12)§
(1) Pooled RR, 1.6 (1.02–1.3);
(2) Pooled RR, 1.15 (1.37–1.88)
(1) OR, 1.34 (1.23–1.46);
(2) OR, 1.28 (1.15–1.42)

(1) OR, 2.50 (1.29–4.87)*;
(2) OR, 0.73 (0.41–1.30)*
(1) OR, 1.40 (1.16–1.69)*;
(2) OR, 1.24 (0.78–1.98)†

Risk estimate
(95% confidence interval)

1.5% in Shanghai to 19.5% in the Ukraine,
with the large majority of the major
depression estimates falling between 3%
and 8%.
Overall average, 21.13% (95% CI, 15.80%–
27.66%); range, 6.67% (95% CI, 4.54%–
9.38%) to 55.38% (95% CI, 42.53%–
67.73%); American continent, 20.83%
(95% CI, 13.12%–31.43%); Europe,
8.00% (95% CI, 8.58%–33.91%); Asia,
23.49% (95% CI, 15.63%–33.74%)
The prevalence, 35.7%; there was variation
in prevalence across studies due to study
sample.

Self-report

OGTT

Prevalence of depression among
Controls, 4.6%; diabetics, 5.9%; newly
diagnosed diabetics, 3.1%; previously
diagnosed diabetics, 11.5%

Assessment of
diabetes

-

-

Self-report

WHO criteria

Assessment of
depression

WHO Composite
International
Diagnostic Interview

Beck Depression
Inventory

Depression
assessment

T2DM, type 2 diabetes mellitus; BDI, Beck Depression Inventory; OGTT, oral glucose tolerance test; OR, odds ratio; HADS-D, Hospital Anxiety and Depression Scale-Depression subscale; CES-D, Center for Epidemiological Studies
Depression Scale; ADA, American Diabetes Association; RH, relative hazards; RR, relative risk; BMI, body mass index; PA, physical activity; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides; SBP, systolic blood pressure.
*Adjusted for age, sex, education, and marital status. †Adjusted for age, sex, education, marital status, BMI, smoking, PA, HDL-C, TG, SBP, waist-to-hip ratio, waist circumference, and chronic somatic disease. ‡Adjusted for age, sex,
race, education, income, BMI, smoking, alcohol use, PA, caloric intake, HDL-C, low-density lipoprotein cholesterol, TG, SBP, log-transformed fasting insulin, inflammatory markers, and examination site. §Adjusted for age, sex, race,
education, income, BMI, smoking, alcohol use, PA, caloric intake, HDL-C, TG, SBP, and examination site.

Meta-analysis

Mezuk et al. (2008)15)

Prospective cohort for 10 y

Engum (2007)13)

Prospective cohort for 4 y

Prospective cohort for 8 y

Palinkas et al. (2004)12)

Golden et al. (2008)14)

Study design

Authors

Sample

Low-to-middle income countries
in sub-Saharan Africa (5), East
and South Asia (19), Europe and
Central Asia (3), Latin America
(11), the Middle East (7)

17 Countries in Europe, the
Americas, the Middle East,
Africa, Asia, and the South
Pacific
American continent (9), Europe
(3), Asia (6)

Rancho Bernardo, California

Location (no.)

Table 3. Clinical studies and meta-analyses exploring the bidirectional relationship between depression and diabetes

T2DM, type 2 diabetes mellitus; WHO, World Health Organization; CI, confidence interval.

48 Studies representing
15 countries

209 Newly diagnosed
T2DM patients, 93
previously diagnosed
T2DM patients, 1,284
control
42,697 Total participants,
2,212 diabetic
individuals

Crosssectional

Palinkas et al.
(1991)7)

Mendenhall et al. Systemic
(2014)10)
review

Sample

Study design

Clinical study

Table 2. Clinical studies evaluating the prevalence of depression in diabetes patients
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nificantly higher among T2DM patients than among nondiabetic indi-

95% CI, 1.15–1.42; P=0.0001). These results further reinforce the exis-

viduals (17.6% versus 9.8%, P<0.0001).

tence of a bidirectional relationship between depression and diabetes.

Several studies differentiated between the prevalence of depression

Table 3 summarizes the most notable clinical studies and meta-analy-

among previously diagnosed and newly diagnosed T2DM patients.

ses examining the bidirectional relationship between depression and

Palinkas et al.7) in 1991 reported that individuals with previously diag-

diabetes.

nosed diabetes experienced a significantly higher prevalence of depressive symptoms than those with newly diagnosed diabetes (11.5%
versus 3.1%, P<0.05). The higher prevalence of depression may be ex-

PREVALENCE AND RISK OF TYPE 2 DIABETES
MELLITUS AMONG DEPRESSION PATIENTS

plained by the psychosocial stress and poor physical health associated
The meta-analysis by Vancampfort et al.17) in 2015 is distinctive for be-

with the increasing duration of T2DM and the disease label.
Notably, the prevalence of depression among diabetes patients is
8)

ing the first and most comprehensive to investigate the prevalence of

not influenced by geographic location. Although Lin et al. in 2008

T2DM in patients with MDD. This meta-analysis included 16 previous

agreed with the finding that the risk of depression was slightly higher

studies on the topic and showed that the overall prevalence of T2DM

among diabetes patients than among patients without diabetes (age-

in MDD patients was 8.7% (95% CI, 7.3%–10.2%). In addition, patients

and sex-adjusted OR, 1.38; 95% CI, 1.15–1.66), they reported that OR

with MDD had a higher risk of T2DM than did age- and sex-matched

estimates between countries were not significantly different (P=0.54).

healthy controls (RR, 1.36; 95% CI, 1.28–1.44; P<0.001) and to the gen-

This finding was supported by a recent meta-analysis of studies con-

eral population (RR, 1.49; 95% CI, 1.29–1.72; P<0.001). A major limita-

ducted in Europe, Asia, and the Americas by Lopes et al.9) in 2016. In

tion of this analysis was that the included studies lacked an accurate

this analysis, the prevalence of depression among patients with T2DM

assessment of T2DM, as the authors relied solely on the self-reported

was higher than among nondiabetic individuals, independent of the

history of the disease without performing confirmatory blood tests,

geographic location (OR, 2.06; 95% CI, 1.13–3.74; P=0.0174). Contrary

leading to a predicted underestimation of the prevalence of T2DM in

to the findings of the previous two studies, Mendenhall et al.10) in 2014

the studied population. It must be emphasized, however, that the body

reported that the prevalence of depression among diabetes patients

of evidence regarding the prevalence of T2DM among depression pa-

living in low-to-middle-income countries was higher than the rates es-

tients is limited, contrary to the extensive research performed to evalu-

timated previously by Anderson et al.5) in 2001 in patients residing in

ate the prevalence of depression among T2DM patients, as discussed

high-income countries (35.7% versus 25%). These results support a

in the previous section.

role for socioeconomic class in the prevalence of depression among

The results of several studies listed in the above section support a
role for depression in increasing the risk of diabetes. Eaton et al.18) in

diabetes patients.
In addition to the high prevalence of depression among diabetic in-

1996 were the first to confirm that MDD, but not depressive symptoms,

dividuals, diabetes may act as a risk factor for the development of de-

were associated with an increased risk of T2DM, in a prospective pop-

pression. A meta-analysis of 11 longitudinal studies found a 24% in-

ulation-based cohort (OR, 2.23; 95% CI, 0.90–5.55; P=0.084). Their

11)

creased risk of depression among T2DM patients. In this meta-anal-

work served as a template for future studies that evaluated depression

ysis, diabetes did not predict incident depression in five studies, while

as a risk factor for incident diabetes. In a subsequent meta-analysis

it was associated with an increased risk of depression in three studies.

that included nine studies, it was reported that depression patients

While the aforementioned studies unidirectionally examined diabetes

had a 37% increased risk of diabetes compared with those who with-

as a risk factor for depression, the remaining three studies included in

out depression or having minimal depression symptoms (RR, 1.37;

the meta-analysis further evaluated depression as a risk factor for

95% CI, 1.14–1.63; P=0.02).19)

12-14)

T2DM,

thus highlighting the “bidirectional” nature of the relation-

ship between the two conditions.

In a clinically significant dissection of the relationship between depression and diabetes, Schmitz et al.20) in 2016 studied T2DM as a con-

This reported notion of a bidirectional relationship between depres-

sequence of a cluster of medical conditions known as the metabolic

sion and T2DM was further supported by the findings of two addition-

syndrome. The interactions between depressive symptoms and meta-

al meta-analyses. In the first meta-analysis by Mezuk et al.15) in 2008,

bolic dysregulation as risk factors for T2DM over 4.5 years was evaluat-

the pooled relative risk (RR) of 13 studies that assessed the relationship

ed in a prospective community study of 2,525 individuals aged 40–69

between depression and the risk of T2DM was estimated to be 1.6

years without T2DM at baseline.20) In this study, participants who had

(95% CI, 1.37–1.88; P<0.001), while the pooled RR of the seven studies

depressive symptoms and metabolic dysregulation had the highest

that assessed T2DM as a risk factor for depression in the second arm

risk of diabetes (adjusted OR, 6.61; 95% CI, 4.86–9.01), followed by

was found to be 1.15 (95% CI, 1.02–1.3; P<0.16). In the second meta-

those with metabolic dysregulations only (adjusted OR, 4.40; 95% CI,

16)

analysis, Zhuang et al. in 2017 found that depression patients were at

3.42–5.67). Depressive symptoms were not significantly associated

a higher risk of diabetes than non-depression subjects (n=32 studies;

with the risk of T2DM after adjustment for other risk factors. The com-

OR, 1.34; 95% CI, 1.23–1.46; P=0.0001), and diabetes patients were at a

bined effect of depressive symptoms and metabolic dysregulation was

higher risk of depression than nondiabetic subjects (n=24; OR, 1.28;

greater than the individual condition alone, as suggested by the syner-
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gy index (1.52; 95% CI, 1.07–2.17).20) Moreover, another study exam-

and adverse microvascular (hazard ratio [HR], 1.36; 95% CI, 1.05–1.75)

ined the effects of metabolic syndrome and its components on the res-

and macrovascular complications (HR, 1.24; 95% CI, 1.0–1.54) after

olution of depressive symptoms over a follow-up period of 5 years.21)

adjustment for prior complications and demographic, clinical, and di-

The authors reported that the delayed resolution of depressive symp-

abetes self-care variables.28) These findings were in line with the results

toms at follow-up was only significantly associated with low levels of

of a previous meta-analysis by de Groot et al.29) in 2001, where they re-

high-density lipoprotein cholesterol (RR, 0.82; 95% CI, 0.68–1.00;

ported a significant association between depression and each of the

P=0.045) or high levels of triglycerides (RR, 0.81; 95% CI, 0.70–0.95;

microvascular (e.g., retinopathy, nephropathy, and neuropathy) and

P=0.007).

macrovascular diabetic complications, although the strength of the association was small to moderate.

DEPRESSION AS A MODULATOR OF GLYCEMIC
CONTROL

DEPRESSION AND RISK OF MORTALITY IN
DIABETES PATIENTS

In addition to the potential role of MDD in increasing the risk of diabetes, several studies have found that depression in patients already di-

The contribution of depression to poor glycemic control and increased

agnosed with diabetes may contribute to poor glycemic control. In a

diabetic complications suggests that depression may also be involved

22)

meta-analysis of 24 studies, Lustman et al. in 2000 found a significant

in increasing the mortality from diabetes. A meta-analysis of 16 studies

association between depression and hyperglycemia in patients with

revealed a significant 46% increase in the risk of all-cause mortality

T1DM and T2DM (P<0.0001). The association was stronger when

among diabetes patients with depression compared with those with-

standardized interviews and diagnostic criteria were used to assess

out depression. Based on the findings of five other studies, the same

depression, compared to self-report questionnaires. This finding was

meta-analysis reported a significant 39% increase in the risk of cardio-

supported by the work of Richardson et al.23) in 2008, where they ex-

vascular mortality among diabetes patients with depression.30) Fur-

amined the longitudinal effects of depression on glycemic control in

thermore, Coleman et al.31) in 2013 found that depression status was

11,525 veterans with T2DM. Diabetes veterans with depression had

significantly associated with both non-cardiovascular, non-cancer

significantly higher mean hemoglobin A1c (HbA1c) levels than diabe-

mortality (HR, 1.61; 95% CI, 1.17–2.22; P<0.05) and all-cause mortality

tes patients without depression at all time points during a mean fol-

(HR, 1.52; 95% CI, 1.25–1.85; P<0.05), while it was not significantly as-

low-up period of 4.1 years (P=0.008). The study by Aikens et al.24) in

sociated with either cardiovascular mortality (HR, 1.27; 95% CI, 0.90–

2009 failed to find an association between depressive symptoms and

1.78; P>0.05) or cancer-related mortality (HR, 1.0; 95% CI, 0.65–1.53;

glycemic control evaluated by HbA1c, whether as a predictor (P=0.036)

P>0.05). Zhang et al.32) in 2005 examined the difference in mortality

25)

or as an outcome (P=0.55). Notably, Fisher et al.

in 2010 showed a

risk between diabetic individuals with or without depression, and be-

lack of association between clinical depression and HbA1c levels

tween individuals with and without diabetes at baseline. Mortality risk

among T2DM patients, although there was a significant association

was significantly elevated among diabetic individuals who also had

between glycemic control and diabetes-related distress, as evaluated

moderate depressive symptoms (HR, 1.63; 95% CI, 1.10–2.42; P<0.001)

by a self-reported questionnaire (P=0.006).

or severe depressive symptoms (HR, 1.49; 95% CI, 1.04–2.12; P<0.001).

The exact reason why depression contributes to poor glycemic control is not entirely understood. However, it may be related to the effect

However, mortality risk was not statistically related to the presence of
depression among nondiabetic individuals.32)

depression has on self-care behaviors of diabetes patients. A significant negative association between depression and poor adherence to
a healthy diet, physical activity, and medications was observed in the

EFFECT OF TREATMENT ON RELATIONSHIP
BETWEEN DEPRESSION AND DIABETES

cross-sectional study by Lin et al.26) in 2004, and the meta-analysis by
Gonzalez et al.27) in 2008. In contrast, the same studies reported that

Based on the above discussion, it can be concluded that depression

compliance with maintaining preventive services for diabetes, such as

may negatively affect glycemic control, increase the risk of diabetes

foot care and screening for diabetic complications, was not significant-

complications, and increase the mortality rates among diabetes pa-

ly different between patients with and without depression.26,27)

tients. Accordingly, an effective treatment for depression in this population is warranted, not only to improve depressive symptoms and the

DEPRESSION AS A CONTRIBUTOR TO, AND AN
ACCELERATOR OF, DIABETES COMPLICATIONS

quality of life but also to indirectly improve diabetes treatment outcomes and to reduce illness burden. A careful review of the relevant
literature showed that three types of depression interventions were ex-

Substantial evidence suggests that depression could act as a contribu-

tensively discussed in this area: psychosocial, pharmacological, and

tor to, and an accelerator of, the complications of diabetes. A longitu-

collaborative care.

dinal study on a cohort of 4,623 primary care T2DM patients followed

One meta-analysis, that included only randomized controlled trials

for 5 years found a significant association between major depression

(RCTs), of the effectiveness of cognitive behavioral therapy (CBT) in-

https://doi.org/10.4082/kjfm.2018.39.3.137
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terventions on glycemic control among adults with diabetes found a

depressive symptoms were improved compared to the baseline

significant reduction in mean HbA1c levels in the CBT group when

(P<0.001). In the intervention group, depressive symptoms were asso-

compared with control groups after treatment for 4 or 8 months

ciated with HbA1c levels (r=0.618, P<0.01). However, the inclusion of

33)

Similarly, CBT significantly im-

only mild- to moderately depression patients may have limited the re-

proved the severity of depression in adults with depression and diabe-

sults of this study, as the biased exclusion of patients with severe de-

tes after treatment for 4, 8, and 12 months (P=0.0001, 0.02, and 0.001,

pression harbors the risk of overestimating the effects of metformin

respectively). However, the effect of CBT on HbA1c was lost after 12

treatment.42)

(P=0.07 and 0.0001, respectively).

33)

months (P=0.18), despite appropriate booster CBT sessions. This effect may be explained by the fact that the CBT interventions were too
short to generate lasting effects or were not customized to the specific
needs of diabetes patients. A firm conclusion about the long-term out-

PROPOSED MECHANISMS UNDERLYING THE
RELATIONSHIP BETWEEN DEPRESSION AND
DIABETES

comes of CBT cannot be made due to the small number of studies that
examined it, encouraging further well-designed RCTs.

A number of mechanisms have been suggested to explain the link be-

The effect of pharmacotherapy on the outcomes of diabetes was first

tween diabetes and depression. These mechanisms include shared in-

reported by Turkington34) in 1980, suggesting that imipramine or ami-

flammatory pathways, dysfunction of the hypothalamic-pituitary-ad-

triptyline relieved both depression and diabetic neuropathy of the

renal (HPA) axis, common metabolic effectors like leptin, in addition

lower extremities in diabetes patients with depression. Using this study

to a host of environmental, genetic, and behavioral factors.

as a template, the effect of different types and classes of antidepressants on both diseases was further studied. Overall, depressive symp-

1. Inflammation

toms were significantly improved in the groups receiving pharmaco-

A growing body of evidence indicates that inflammation is a key

therapy than in the placebo group; however, the effect on glycemic

shared factor in the bidirectional relationship between depression and

control varied between the different types of drugs. For example, nor-

T2DM and it has been implicated in the development of both diseases.

triptyline worsened glycemic control, as indicated by higher HbA1c

The meta-analysis by Haapakoski et al.43) in 2015, which included 58

35)

levels (P=0.5), due to its direct hyperglycemic effect. Moreover, anti-

studies, observed a significant elevation of the levels of inflammatory

depressant treatment with fluoxetine,36) sertraline,37) paroxetine,38) or

biomarkers, such as the C-reactive protein (CRP) and interleukin (IL)-

escitalopram39) resulted in non-significant reductions in HbA1c levels

6, in patients with MDD. Moreover, the relationship between inflam-

in the intervention group compared to the placebo group (P=0.13, 0.9,

mation and the risk of future depression was studied by Khandaker et

0.08, and 0.82, respectively), while bupropion significantly reduced

al.44) in 2014, where they found that elevated levels of IL-6, but not CRP,

HbA1c levels through independent improvements in mood and body

in childhood (at 9 years of age) increased the risk of future depression

composition (P<0.01).40)

(at 18 years of age). In contrast, the role of inflammation in diabetes

In addition to studying the effect of different antidepressants on the

was extensively validated in a meta-analysis of 19 cohort and nested

relationship between depression and diabetes, the effects of two anti-

case-control studies, which found that elevated levels of CRP predicted

diabetic agents, pioglitazone and metformin, on the outcome of de-

the development of T2DM (RR, 1.26; 95% CI, 1.16–1.37; P=0.000).45)

pression were described in the literature. The most recent meta-analy-

The work of Au et al.46) in 2014 stands out as a major clinical study to

sis by Colle et al.41) in 2016 reviewed four double-blinded RCTs that in-

examine the role of inflammation in the comorbidity of depression

cluded 161 patients diagnosed with MDD to evaluate the effect of pio-

and diabetes. The authors investigated the association between de-

glitazone on depression. Pioglitazone was administered to 81 patients

pressive symptoms and CRP levels with the T2DM incidence in a pro-

either alone or as add-on therapy to conventional antidepressant

spective cohort of 4,955 community-dwelling adults (age ≥50 years).

drugs. The remaining 80 control subjects either received a placebo or

After approximately 6 years of follow-up, two observations were made.

metformin. Pioglitazone achieved superior improvements in depres-

First, the HR for incident T2DM was the highest among participants

sive symptoms (mean difference, 3.3; 95% CI, 2.6–4.0; P<0.0001) and

with elevated depressive symptoms and high CRP levels (age- and sex-

remission rates (OR, 3.3; 95% CI, 1.4–7.8; P=0.008) than controls. Im-

adjusted HR, 4.31; 95% CI, 2.70–6.86). Second, after adjustments for

portantly, the improvement in depressive symptoms was higher in the

comorbidities and body mass index (BMI), the risk of incident T2DM

subgroup of patients without metabolic comorbidities (OR, 5.1; 95%

in participants with elevated depressive symptoms and high CRP lev-

CI, 1.5–17.9; P=0.01). The observed association was independent of

els was attenuated; however, it remained significant (adjusted HR,

depression severity at baseline and of any concomitant medication.41)

2.03; 95% CI, 1.14–3.61).46)

Guo et al.42) in 2014 assessed the effect of metformin on the outcome

Herder et al.47) in 2017 investigated the association between depres-

of depression in a randomized placebo-controlled study of 58 patients

sive symptoms and biomarkers of subclinical inflammation concern-

with comorbid depression and T2DM. After 24 weeks, metformin im-

ing the type of diabetes. These biomarkers included serum high-sensi-

proved the cognitive performance of study subjects when compared

tivity CRP (hsCRP), IL-6, IL-18, the high-molecular-weight (HMW)/to-

to the placebo group (P<0.001). The authors additionally reported that

tal adiponectin ratio, and soluble intercellular adhesion molecule-1
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(sICAM-1). The severity of depressive symptoms was found to be posi-

3. Leptin

tively associated with hsCRP and the HMW/total adiponectin ratio in

Other researchers have suggested a role for leptin in the association

T2DM patients (P<0.01 for both), and with sICAM-1 levels in T1DM

between depression and diabetes. Leptin is a protein that is mainly

patients (P=0.035). However, levels of IL-6 and IL-18 were not associ-

produced by adipocytes and is responsible for the regulation of appe-

ated with the severity of depressive symptoms in either T1DM or

tite, energy, and body fat and water composition.54) Jow et al.55) in 2006

T2DM patients. The findings of this study strongly indicate that general

found that leptin levels were significantly lower in patients with MDD

immune activation may not be linked to depressive symptoms, but

than in healthy controls (P<0.05), and were negatively correlated with

rather to specific inflammatory profiles. However, the lack of a nondia-

the severity of depression (r=-0.067, P<0.05). Moreover, Chirinos et

betic control group may have critically limited the practical implica-

al.56) in 2013 studied the association between circulating leptin levels

47)

tions of these findings.

and depressive symptoms in 135 patients with metabolic syndrome.
Leptin was significantly associated with somatic depressive symptoms

2. Hypothalamic-Pituitary-Adrenal Axis

(P=0.023) in patients with metabolic syndrome, after controlling for

Ample evidence exists to support the involvement of the HPA axis in

age, sex, insulin resistance, BMI, and inflammation.56) Similarly, the

the pathogenesis of both depression and diabetes. One meta-analysis

role of leptin in diabetes was supported by a meta-analysis of 11 pro-

found that depression was associated with dysregulation of the HPA

spective studies by Chen et al.57) in 2014. The authors reported a signif-

axis, resulting in higher cortisol and adrenocorticotropic hormone lev-

icant association between leptin and an increased risk of T2DM in a

els, and lower corticotropin-releasing hormone levels.48) One of the

sex-specific manner, where elevated leptin levels were related to an in-

key strengths of this meta-analysis was the inclusion of more than 400

creased risk of T2DM in men (RR, 1.37; 95% CI, 1.13–1.66; P=0.003),

studies, which effectively neutralized the fundamental sources of het-

but not in women (RR, 0.96; 95% CI, 0.90–1.03; P=0.24).57)

erogeneity in the literature related to this concept, such as how the

To investigate the role of leptin in depression associated with diabe-

HPA axis was assessed, and the various participants’ demographic and

tes, levels of leptin were recently measured by Haleem et al.58) in 2017

clinical factors. Other studies have supported the role of HPA axis dys-

in different BMI groups of diabetes patients with and without depres-

regulation in diabetes, as diabetes patients were found to have higher

sion and were compared with the levels in age-matched healthy nor-

levels of cortisol before and after the dexamethasone suppression

mal-weight volunteers. The study found a weight-dependent increase

test,49) as well as a flatter diurnal cortisol curve with evidence of a

in leptin levels in diabetes patients with and without depression. In

blunted cortisol awakening response and a less steep slope through-

normal-weight diabetes patients, leptin levels were significantly lower

out the day.50) To the contrary, the longitudinal cohort study by Spana-

in the depression group than in the non-depression group (P<0.05 in

51)

kis et al. in 2016 reported that none of the aforementioned changes

men and P<0.01 in women). In contrast, leptin levels were higher in

in the components of the diurnal cortisol profile were significantly dif-

obese men with diabetes and concomitant depression than in their

ferent between diabetic and nondiabetic participants over a six-year

non-depression counterparts (P<0.01). Moreover, leptin levels were

period after adjustment for confounding factors like the subjects’ age,

higher in men with diabetes than in those without diabetes (P<0.01).

sex, and use of medications that may impact HPA axis function.

Notably, none of the differences were significant in women.58)

In an effort to explain the relationship between cortisol levels, insulin resistance, and depression, Yokoyama et al.52) in 2015 measured

4. Genetic Factors

plasma cortisol levels following the dexamethasone suppression test

Several studies have attempted to explain the relationship between

in addition to the insulin resistance index in 15 patients with depres-

depression and diabetes through the presence of a common genetic

sion and 17 age- and sex-matched healthy controls. No significant dif-

variant that predisposes individuals to both conditions. For example,

ference was observed in the peak cortisol values or the insulin resis-

20 single-nucleotide polymorphisms (SNPs) previously reported to be

tance index between the two groups. However, in patients with de-

linked with the risk of T2DM were tested for their association, inde-

pression, peak cortisol values correlated significantly with the insulin

pendently or in combination, with T2DM or MDD in a cross-sectional

resistance index following the dexamethasone suppression test

cohort of 17,404 individuals.59) Individuals who were enrolled in this

(r=0.54, P<0.05). Despite such evidence, and to the best of our knowl-

study had a baseline assessment of their T2DM status using the oral

edge, there have been no sound clinical studies exacting the role of

glucose tolerance test and were diagnosed with major depression ac-

HPA axis dysregulation in the comorbidity of diabetes and depression.

cording to the DSM 4 diagnostic criteria. The study found that al-

However, other studies have investigated whether HPA axis hyperacti-

though 12 out of the 20 SNPs and the combined genotyping score were

vation in depression and/or diabetes may be due to variants in the

associated with T2DM (adjusted P<0.048), none of the SNPs were as-

HPA axis-related genes. For instance, the systematic review by Grag-

sociated with MDD as evaluated by the DSM 4 diagnostic criteria (ad-

53)

noli in 2014 identified the MC4R , NR3C1 , and NR3C2 genes as risk

justed P≥0.09). Furthermore, the study found no association between

genes in both T2DM and depression.

T2DM and depression at the phenotypic level (adjusted P≤0.65).
Clarke et al.60) in 2017 used Mendelian randomization in a populationbased cohort of 21,516 individuals to test the association between
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MDD and 11 SNPs previously found to be associated with T2DM. In

6. Ali S, Stone MA, Peters JL, Davies MJ, Khunti K. The prevalence of co-

their analysis, only the A allele of rs6808574 was negatively associated

morbid depression in adults with Type 2 diabetes: a systematic review

with MDD. Based on the results of the aforementioned studies, it is difficult to establish a genetic basis for the relationship between T2DM
and MDD.

CONCLUSION

and meta-analysis. Diabet Med 2006;23:1165-73.
7. Palinkas LA, Barrett-Connor E, Wingard DL. Type 2 diabetes and depressive symptoms in older adults: a population-based study. Diabet
Med 1991;8:532-9.
8. Lin EH, von Korff M, Alonso J, Angermeyer MC, Anthony J, Bromet E,
et al. Mental disorders among persons with diabetes: results from the
World Mental Health Surveys. J Psychosom Res 2008;65:571-80.

Despite the complex and conflicting nature of the available body of ev-

9. Lopes A, Perry IS, Bavaresco DV, Tuon L, Ceretta LB, Simoes PW, et al.

idence, a bidirectional relationship between depression and diabetes

Association between major depression and type 2 diabetes mellitus: a

is highly possible. The present findings support the pressing need for

meta-analysis and meta-regression of observational studies. Int Arch

long, outcome-oriented, randomized clinical trials to determine

Med 2016;9:1-11. https://doi.org/10.3823/1920.

whether the identification and treatment of patients with these comor-

10. Mendenhall E, Norris SA, Shidhaye R, Prabhakaran D. Depression and

bid conditions will improve their medical outcomes and quality of life,

type 2 diabetes in low- and middle-income countries: a systematic re-

and possibly have beneficial effects on both mood and glycemic con-

view. Diabetes Res Clin Pract 2014;103:276-85.

trol. This review also endorses the concept of integration of mental

11. Nouwen A, Winkley K, Twisk J, Lloyd CE, Peyrot M, Ismail K, et al.

health assessment in primary health care systems, particularly in the

Type 2 diabetes mellitus as a risk factor for the onset of depression: a

domain of diabetes. Similarly, we recommend frequent screening for
diabetes in patients with depression. This, consequently, will aid in the
early detection and improved management of this chronic debilitating
condition. In addition, a more precise understanding of the underlying mechanisms of this bidirectional relationship would ideally open
the door for new and advanced therapeutic and preventive options for
both conditions in the near future.

systematic review and meta-analysis. Diabetologia 2010;53:2480-6.
12. Palinkas LA, Lee PP, Barrett-Connor E. A prospective study of type 2
diabetes and depressive symptoms in the elderly: the Rancho Bernardo Study. Diabet Med 2004;21:1185-91.
13. Engum A. The role of depression and anxiety in onset of diabetes in a
large population-based study. J Psychosom Res 2007;62:31-8.
14. Golden SH, Lazo M, Carnethon M, Bertoni AG, Schreiner PJ, Diez
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