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W) Check for updates

Diabetes and depression

Eon—Ju Jeon

Department of Internal Medicine, Catholic University of Daegu, School of Medicine, Daegu, Korea

Diabetes and depression are serious chronic conditions. As a result of their increasing prevalence, diabetes
and depression, together with population growth and aging, are public health issues. The rate of depression
in adults with either type 1 diabetes or type 2 diabetes is high relative to the general population. The coexis-
tence of diabetes and depression has attracted much interest. Although it is unclear whether diabetes and
depression are causally linked, most studies have shown that the association between diabetes and depre-
ssion might be bidirectional. Currently, emotional well-being is becoming an increasingly important aspect
of diabetes care and self-management. Psychiatric disorders and diabetic distress among people with diabetes
may increase the risk of diabetes complication and mortality. Thus, assessment and appropriate manage-
ment of depression in people with diabetes should be considered to achieve psychological well-being and

optimize medical outcomes.
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INTRODUCTION

Diabetes is a chronic disease with an increasing prevalence
rate. According to reports from the International Diabetes
Federation (IDF) in 2017, the number of people with diabetes
aged 20-79 years was 424.9 million and was predicted to in-
crease to 629 million [1]. Diabetes prevalence, deaths owing
to diabetes, and healthcare expenditure owing to diabetes pre-
sent a large sodial, financial, and health system burden world-
wide. According to the World Health Organization (WHO),
the number of people with depression globally in 2015 was
322 million (4.4%) [2]. Depression is more common among
females (5.190) than among males (3.69%0), and it has been in-

creasing worldwide and currently is the leading cause of global
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mental and physical disability. In Korea, the prevalence of
diabetes among adults aged >30 years is 13.7% (4.8 million)
according to the 2013-2014 Korean National Health and
Nutrition Examination Survey [3]. In the 2016 Epidemiolo-
gical Survey of Mental Disorders in Korea, the lifetime preva-
lence was 5.3% for mood disorders (7.2% in females, 3.3%
in males) and 5.0% for major depressive disorders (MDDs;
6.9% in females, 3.0% in males).

The importance of diabetes and mental health has recently
been emphasized on. An individual with diabetes should be
considered as a person who lives with diabetes rather than a
patient with a disease. Mental health of diabetes was ignored
because blood glucose control was more urgent during the
last few decades. Diabetes, a chronic disease, can affect men-
tal health and lead to psychosomatic disorders. A large num-
ber of people with diabetes experience diabetes distress, which
refers to the negative emotions and burden of self-care rela-
ted to life with diabetes. Depression is the most common
psychiatric disorder associated with diabetes [4]. Depression
is associated with non-adherence to diabetes self-manage-

ment, including following dietary restrictions, medication com-
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pliance, and blood glucose monitoring, resulting in worse
overall clinical outcomes [5]. Although it is possible that dia-
betes is associated with depression, depression remains un-
derdiagnosed and undertreated in people with diabetes. Prac-
tice guidelines from IDF indicate that as individuals with dia-
betes are more likely affected by depression, there is a strong
requirement for periodic assessment and monitoring of de-
pression and other mental health conditions for more effec-
tive diabetes management [6]. In practice guidelines for the
treatment of patients with MDD, American Psychiatric Asso-
dation recommended in 2010 to monitor diabetic control, be-
cause fluctuations in fasting blood glucose may occur, when
initiating antidepressant therapy or adjusting for dosage [7].
In Canada, screening for diabetes should be considered more
frequently or earlier in people with additional risk factors
for type 2 diabetes, such as psychiatric disorders including
depression, bipolar disorders, and schizophrenia [8]. Lately,
the American Diabetes Association (ADA) released a position
statement to provide diabetes care providers with guidelines
for psychosocial assessment and care of patients with diabetes
[9]. The position statement emphasizes that psychosocial care
should be provided to all individuals with diabetes, with the
goal to optimize health outcomes and health-related quality
of life. It provided routine monitoring and screening for dia-
betes distress, depression, anxiety, eating issues, and appro-
priate levels of social and family support. The purpose of
this review is to summarize the current understanding of dia-
betes and depression, focusing on screening tools for depres-

sion in people with diabetes.

Association between diabetes and
depression

The literature investigating the relationship of diabetes to
psychiatric disorders continues to grow. These studies focus
on the relationship between diabetes and depression, eating
disorders, and anxiety disorders. The causal links between
psychiatric disorders and diabetes are not well understood,
however growing evidence suggests that there is a connection.
Metabolic problems of diabetes may play a role in the develop-
ment of depression. Persistent hyperglycemia and episodic
severe hypoglycemia in diabetes can change the function, neu-
rochemistry, or structure of the brain [10]. These conditions

with non-diabetic factors and family coping might lead to

depressive disorders, anxiety disorders, or eating disorders.
There is increasing evidence that diabetes leads to changes
in the white matter of the brain and that these abnormalities,
if present in the frontal lobe, may play a role in the develop-
ment of depression [10,11]. Biological changes related to de-
pression include abnormal mechanisms of neurotransmitters
such as norepinephrine, serotonin, and dopamine, hypothal-
amus-pituitary-adrenal (HPA) axis dysfunction, immunologi-
cal changes in cytokines, vascular disease, decreases in neuro-
trophic substances, and atrophy of the frontal cortex or hip-
pocampus[11,12]. A recent study investigated the single nu-
cleotide polymorphisms of the genes for serotonin transpor-
ter, tryptophan hydroxylase 2, brain-derived neurotrophic
factor, and the P2RX7 purinergic receptor [13]. The results
supported the role of the P2RX7 rs2230912 G-allele in the
development of depression and emphasized the importance
of good glycemic control, acting as a potential protective fac-
tor for patients with diabetes. In addition, a large range of
differences exists among individuals’ vulnerabilities to the de-
velopment of disorders under the same stress. The differential
susceptibility may have been caused by genetic factors. The
median age of depression onset is between 20s and 40s. More
women than men are diagnosed with depression. The average
age of depression onset suggests that the differences exist in
the relationship between age and type 1 and type 2 diabetes.
Type 1 and type 2 diabetes should be approached separately
to identify their association with depression. Type 1 diabetes
appears in childhood and early adulthood requiring daily in-
sulin injections for life, while type 2 diabetes appears later
in life, in mid-adulthood, requiring diet and lifestyle modi-
fications, oral medication or insulin injections [14].
Depression is a condition characterized by episodes of de-
pressed mood [15]. Each episode is characterized by mood
lowering, reduction of energy, and decrease in activity. De-
pression should be distinguished from states of subjective dis-
tress and emotional disturbance, possibly interfering with so-
cial functioning and performance, arising during the period
of adaptation to significant life changes or stressful life events
such as death of a loved one. People living in modern envi-
ronment are more likely to experience depressive symptoms
compared with those living in the past environment. Mild
depressive symptoms, such as sadness, empty mood, or irrita-
bility, are sometimes referred to as depression. Therefore,

clinical depression can identify more people as having a de-
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pressive disorder. Depression in psychiatry is referred to as
MDD [16].

An association between diabetes and depression was recog-
nized as early as the 17th century, when the British physician
Thomas Willis noted that diabetes frequently appeared in in-
dividuals who had experienced previous life stresses or sad-
ness [17]. In a systematic review, the risk of progression to
depression increased in the presence of diabetes and the risk
of progression to diabetes increased in the presence of depres-
sion [18]. Diabetes and depression are thought to be complex
and bidirectional, although it remains unclear. Most studies
examining the relationship between diabetes and psychiatric
disorders are cross-sectional in design. Whether the phenotype
of depression in diabetes differs between people with or with-
out diabetes is not known [14].

1. Type 1 Diabetes and depression

Type 1 diabetes is usually diagnosed in childhood and ado-
lescence at a time of rapid psychological and physiological
changes and potentially causes substantial disruption of nor-
mal development. Type 1 diabetes require a complex treat-
ment regimen and frequent blood glucose measurements due
to multiple insulin injections in prescriptions. These parame-
ters impose dietary restrictions or activity limitations, resulting
in a psychological burden. These may be different from the
neurological disorder observed in type 2 diabetes. Studies exa-
mining the association between type 2 diabetes and depres-
sion have been relatively consistent; however, studies on type
1 diabetes have shown various results depending on the study
[19,20]. Type 1 diabetes is associated with adjustment dis-
orders, anxiety disorders, and eating disorders rather than
depression. Families of diabetic patients showed worse family
relationships among members, and the risk of subsequent psy-
chiatric problems was higher [21]. There is also a possibility
of developmental problems due to biological changes, such
as inflammation and brain atrophy, and diagnosis at a young
age [22,23]. Insulin-induced hypoglycemia may be associated
with neurocognitive deficits observed in patients with early-
onset type 1 diabetes and may be a risk factor for MDD
development. Hyperactivity of the HPA axis has been noted
in both type 1 diabetes and MDD and provides a putative
link between type 1 diabetes and MDD comorbidity [23].
Magnetic resonance imaging (MRI) of the brain of people
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with type 1 diabetes has shown that prefrontal glutamate-glu-
tamine-gamma-aminobutyric acid levels are higher than in
healthy control individuals, and these levels correlate with
mild depressive symptoms [24]. Thickness of prefrontal corti-
cal lesions was reduced in people with type 1 diabetes [25].
Basal ganglia and insula mediation of interoceptive awareness
during hypoglycemia were altered in type 1 diabetes patients
[26].

2. Type 2 diabetes and depression

The co-occurrence of type 2 diabetes and depression has
attracted much research interest. If this association was cau-
sal, it would have profound implications for the prevention
and treatment of these disorders. However, the association
between diabetes and depression seems to be complex, and
does not follow a simple cause and effect pattern. Type 2
diabetes precedes the onset of depression and the risk of de-
veloping depression within 1 year after diagnosis of diabetes
is the highest [27-29]. Depressive disorders may increase the
risk of type 2 diabetes. Thus, some aspects of the physiolo-
gical changes associated with depression are consistent with
diabetes causation. There are possible pathophysiological, bio-
logical, and behavioral links. First, depression as a cause of
type 2 diabetes is associated with increased activity of the
HPA axis and the sympathetic nervous system, resulting in
increased release of cortisol and other glucocorticoids, cate-
cholamines such as adrenaline and noradrenaline, growth hor-
mone, and glucagon [4,30,31]. These lead to increase in glu-
cose production and lipolysis, and decreased insulin sensiti-
vity. Depression begins at a young age and is associated with
decreased self-esteem, decreased physical activity, and incre-
ased risk of cardiovascular disease due to smoking and high
calorie diet. At more advanced stages of type 2 diabetes, com-
plications might cause an increased risk of depression or de-
pressive symptoms. Antidepressant drugs might also have dia-
betogenic side-effects. Second, considering type 2 diabetes as
a cause of depression, preclinical changes such as increased
blood glucose or altered insulin concentrations might directly
affect depression risk through biochemical mechanisms [4].
Diagnosis of diabetes is generally recognized as a negative
event. Stress due to the chronicity of the process and compli-
cations related to the long duration of disease cause psycho-
logical and economic burdens. Third, diabetes and depression
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share common metabolic abnormalities. The so-called com-
mon-soil hypothesis posits that the non-causal association be-
tween them results from factors affecting both disorders in-
cluding chronic inflammation, obesity, physical inactivity, and
vascular risk. Cytokines such as interleukin (IL) 1 or 6 and
tumor necrosis factor (TNF) are associated with inflamma-
tion [4,14,32,33]. Disruption of normal circadian rhythm is
implicated in both depression and type 2 diabetes [34,35].
Lately, genome-wide association studies (GWAS) revealed the
significant genetic overlap between depression and type 2
diabetes in twin registries [36].

Screening for depression in people
with diabetes

Depressive symptoms and depressive disorders affect one
in four patients with type 1 and type 2 diabetes [37]. The
rate of treatment for those diagnosed and treated is approxi-
mately 15%. Clinicians mainly refer patients to psychiatrists,
when patients with diabetes are strongly suspicious of depre-
ssion. In some cases, self-reported questionnaires have been

conducted, when patients do not have prominent symptoms

for depression. Several screening tests, including Beck Depre-
ssion Inventory (BDI), Depressive Cognition Scale, Zung’s
Screening for Depression (SDS), Center for Epidemiologic
Studies Depression (CES-D) Questionnaire, are used [38-41].

In a position statement from ADA, all care providers should
include queries about well-being in routine care. The situa-
tions in Table 1 should be referred to a mental health profe-
ssional for assessment [9]. ADA recommends screening with
standardized, well-validated tools for monitoring and evalua-
tion of cognitive and diabetic complaints, depression, anxiety
disorders, and eating disorders at the initial visit of people
with diabetes (Table 2) [9]. Routine screening for depressive
symptoms is indicated in high-risk populations, including peo-
ple with prediabetes, particularly those who are overweight,
type 1 and type 2 diabetes, and postpartum diabetes [9,42].
To detect problems early and prevent health deterioration,
all people with diabetes should be evaluated on a periodic
basis, going forward basis even if there is no patient-specific
indication [43]. Physicians should consider annual screening
for patients with diabetes, especially for those with a self-re-
ported history of depression. In addition, an evaluation is

recommended during major disease and life transitions, inclu-

Table 1. Situations that warrant referral of a person with diabetes to a mental health provider for evaluation and treatment [9]

If self-care remains impaired in a person with diabetes distress after tailored diabetes education

If a person has a positive screen on a validated screening tool for depressive symptoms

In the presence of symptoms or suspicions of disordered eating behavior, an eating disorder, or disrupted patterns of eating

If intentional omission of insulin or oral medication to cause weight loss is identified

If a person has a positive screen for anxiety or fear of hypoglycemia

If a serious mental illness is suspected

In youth and families with behavioral self-care difficulties, repeated hospitalizations for diabetic ketoacidosis, or significant distress

If a person screens positive for cognitive impairment

Declining or impaired ability to perform diabetes self-care behaviors

Before undergoing bariatric surgery and after if assessment reveals an ongoing need for adjustment support

Table 2. Measures for the evaluation of depression in the clinical setting [9]

Measure title I}:)aljﬁj:iil Description

PHQ9 [46] Adults 9-item measure of depressive symptoms (corresponding to criteria for major
depressive disorder)

BDI-II [38] Adults 21-item questionnaire evaluating somatic and cognitive symptoms of depression

GDS [52] Adults (55-58 yr) 15-item measure was developed to assess depression in older adults

CDI (current edition is CDI-2) [66]  Youth (7-17 yr)

27-item measure assessing depressive symptoms using child and parent report

PHQ-9, Patient Health Questionnaire; BDI-II, Beck Depression Inventory-II; GDS, Geriatric Depression Scale; CDI, Child Depression

inventory.
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ding diagnosis of complications and significant changes in
treatment (e.g., initiation of insulin pump or other forms of
intensification) or in life circumstances (e.g., living arrange-
ment, job, and significant social relationships), with prospec-
tive monitoring for 6 months [9,44]. In fact, psycosocial as-
sessment is an important aspect of diabetes care, although it
has been neglected due to the importance and urgency to
control glucose levels. For example, diabetes care providers
can ask whether there have been changes in the mood during
the past 2 weeks or since their last visit and should consider
asking whether there are new or different barriers to treat-
ment and self-management, such as feeling overwhelmed or
stressed by diabetes or other stress factors [9]. Professional
diagnostic tests for mental health will be necessary for in-
dividuals with a positive evaluation screening. People with
diabetes, as well as their families and caregivers should be
evaluated. For adults >65 years old, annual screening for
cognitive impairment or dementia is indicated. It is hard to
say which tool is the best. There are advantages and dis-
advantages depending on the situation of the patients and the
purpose of evaluation. In Korea, although the reliability and
validity of Korean Version of BDI-II have been studied for
standardization of the tool for use in depression, it is necessary
to develop a screening test that suits the characteristics of

the Korean population [45].

1. Patient Health Questionnaire-9 (PHQ-9)

PHQ-9 is a tool widely used for depression screening in
primary care and clinical research. It is a self-reporting test
designed and assess the severity of depression, simply and
quickly. PHQ-9 questions are based on the diagnostic criteria
for depression from the Diagnostic and Statistical Manual of
Mental Disorders (DSM)-IV and ask about patient’s experi-
ence in the last 2 weeks. Questions interrogate the level of
interest in doing things, whether individuals feeling down
or depressed, difficulty with sleeping, energy levels, eating
habits, self-perception, ability to concentrate, speed of func-
tioning and thoughts of suicide with a score range from 0
(not at all) to 3 (nearly every day) [46,47]. It takes 3 minutes
to complete. PHQ-2 is used to reduce time to respond to the
questionnaire and to facilitate evaluation [48]. However,
PHQ-2 has a higher rate of false-positive responses than other

Didbetes and depression

screening instruments for depression.

2. Beck Depression Inventory-Il (BDI-Il)

The original BDI, first published in 1961, consisted of 21
questions regarding how individuals have been feeling during
the last week [49]. BDI-II, which was a 1996 revision of BDI,
was developed according to DSM-IV, which changed many
of the diagnostic criteria for MDD [38]. BDI-II items are ra-
ted on a four-point scale ranging from 0 to 3 based on the
severity of each item. The maximum total score is 63. It takes
10 minutes to complete. In several studies, this scale has been
shown to be reliable and provides valid measurements for
various groups [50]. Self-reported scales depend on the sub-
jective symptoms of the patients. Therefore, scores may be
exaggerated or minimized depending on the person complet-

ing the questionnaire.

3. Geriatric Depression Scale (GDS)

GDS, which was first developed in 1982, is a 30-item self-
reported assessment used to identify depression in the elderly
[51]. A short version of GDS with 15 questions has been
developed [52]. Diabetes and depression is an important hea-
Ith condition for the aging population. When depression oc-
curs in the elderly, it may mimic dementia due to delayed
psychomotor speed, decreased cognitive function, and sub-
jective memory loss. Physical symptoms are also present in
elderly people who are not depressed, therefore, it is difficult
to distinguish between individuals with or without depres-
sion, and long time may be required to distinguish between
these individuals. The question form requiring discrimination
and selection should be avoided. Evaluation is desirable to
reduce the number of factors for somatic symptoms, and to
select “yes” or “no” for factors related to cognitive decline.
In Korea, the Korean version of GDS is used. Although cutoff
points were higher in Korea than in Western countries, GDS
remains reliable and valid as a self-rate depression screening
scale for elderly psychiatric patients [53]. In elderly people
with impaired cognitive function, GDS is not feasible because
validity is not maintained [54].
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Diagnosis for depression in people
with diabetes

Clinicians should consider annual screening of all people
with diabetes, especially those with a self-reported history
of depression, for depressive symptoms with age-appropriate
depression screening, recognizing that further evaluation will
be necessary for individuals with a positive screen [42]. The
most widely used tools for diagnostic conformation of depre-
ssion are the DSM-V by the American Psychiatric Association
and International Classification of Disease 10th Revision
(ICD-10) published by WHO [15,16,55,56]. Depression has
a variety of subtypes within the upper category. Evaluation
and treatment of depression is recommended by mental health
professionals. Among the criteria for an MDD, at least five
of the following symptoms must have been present during
the 2-week period and at least one symptom must be “dimi-
nished interest/pleasure” or “depressed mood”: (1) Depressed
mood. For children and adolescents, this can also be an irrita-
ble mood; (2) Diminished interest or loss of pleasure in al-
most all activities; (3) Significant weight change or appetite
disturbance. For children, this can be failure to achieve expec-
ted weight gain; (4) Sleep disturbance (insomnia or hyperso-
mnia); (5) Psychomotor agitation or retardation; (6) Fatigue
or loss of energy; (7) Feelings of worthlessness; (8) Diminished
ability to think or concentrate, indecisiveness; (9) Recurrent
thoughts of death, recurrent suicidal ideation without a specif-
ic plan, or a suicide attempt or specific plan for committing
suicide [16,56]. ICD-10 uses a list of 10 depressive symptoms
and divides major depression into mild, moderate, or severe.
In any of these cases, at least two of the three symptoms con-
sidered typical of depression must always be present; depres-
sive mood, loss of interest and ability to enjoy and increase
in fatigability and the duration of episodes should be 2 weeks
[15,55]. ICD-10 seems more sensitive for the mild range of
the depressive continuum than DSM-IV; while DSM-IV seems

to be more sensitive for the moderate and severe ranges [57].

Interaction effects between people
with diabetes and depression

1. Glycemic control

Depression can lead to impaired functioning and a loss of

motivation, which can have a negative impact on self-mana-
gement behavior. People with diabetes who mostly require
long-term treatment are less likely to adhere to treatment,
if depression co-exists. They can cause poor glucose control.
In particular, depression and glycemic control in patients us-
ing insulin are closely related. Appropriate self-care is critical
for good diabetes care. There is evidence that depression is
associated with hyperglycemia in type 1 or type 2 diabetes
[58-60]. A systematic review of treatment adherence among
individuals with diabetes and depression indicated that there
was a significant relationship between depression and treat-
ment non-adherence [60]. Gonzalez et al. reported that pa-
tients with MDD adhere for significantly fewer days to diet,
exercise and glucose self-monitoring self-management strate-
gies. Logistic regression showed that major depression was
associated with a 2.31 fold increase in the odds of missing
one or more prescribed medications over the previous 7 days
[59]. Diagnosis and treatment of depression lead to improved
compliance to diabetes treatment and improved blood glu-
cose control. In a Korean study, the odds ratio by CES-D
scores was increased in the uncontrolled diabetic group with
hemoglobin Alc higher than 10% [61]. The consequences of
poor blood glucose control may affect mental and psycholo-
gical changes. Appropriate treatment of both diabetes and

depression will lead to an improvement in both diseases.

2. Diabetic complications and mortality

Hyperglycemia has been linked to development of diabetic
related complication. In a meta-analysis of 27 studies includ-
ing people with type 1 and type 2 diabetes, depression was
significantly associated with diabetic related complications in-
cluding retinopathy, nephropathy, neuropathy, and sexual
dysfunction [62]. Depression is associated with diabetic mi-
crovascular and macrovascular complications. However, it is
unclear whether the increase in complications is a direct ef-
fect of depression or a consequence of comorbid depression.
In the prospective cohort study, after adjustment for prior
complication and demographic, clinical, and diabetes self-care
variables, major depression was associated with higher risks
of adverse microvascular outcomes (hazard ratio [HR], 1.36;
95% confidence interval [CI], 1.05-1.75) adverse macrovas-
cular outcomes (HR, 1.24; CI, 1.0-1.54) in the 5-year fol-

low-up [63]. Recent studies have shown that coexisting de-
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pression increases mortality among people with diabetes.
From the National Health and Nutrition Examination Survey
(NHANES)-I Epidemiologic Follow-up Study, persons with
diabetes with CES-D Scale scores of 16 or more showed 54%
greater mortality than those with scores under 16, after con-
trolling for sociodemographic, lifestyle, and health-status var-
iables (p=0.004) [64]. In the NHANES-I 8-year follow-up
study, after adjusting for clinically relevant confounders, peo-
ple with both diabetes and depression had a 1.3-fold incre-
ased risk of death from all causes compared with people with
only diabetes, a 2-fold increased risk of death from all causes
compared with people with only depression, and a 2.5-fold
increased risk of death compared with people without either

diabetes or depression [65].

CONCLUSION

Improved understanding of diabetes and depression may
potentially lead to early detection and timely treatment plan-
ning may prevent the onset of both disorders simultaneously.

As reviewed recently, plausible mechanisms are postulated

Didbetes and depression

that involve shared biological pathways contributing to the
pathogenesis of diabetes and depression (Fig. 1). Diabetes and
depression may occur on the basis of common pathophysio-
logy and interact with each other.

Currently, diabetic management cannot be successful un-
less the lifestyle and emotional status of the individual is con-
sidered. Unfortunately, the majority of people with this con-
dition do not receive adequate care. People with diabetes who
experience depressive symptoms should be screened for de-
pression and be timely referred to mental health professio-
nals. When we encounter patients with diabetes, they should
be considered as people with diabetes and not patients with
diabetes. It is necessary to understand the similarities and
differences between depression of type 1 and type 2 diabetes.
More research is required to investigate the direct links bet-
ween diabetes and depression and the factors predicting and
modifying depression in people with diabetes. Additionally,
a paradigm shift in the management of diabetes with depres-
sion could greatly improve the quality of care and medical

outcomes.

Inherited factors
- Genetic susceptibility
- Intrauterine environment (e.g. nutrition, stress)

- External environment (e.g. childhood and adult adversity)
- Poor health behaviours (e.g. diet, physical inactivity, obesity)

Acquired factors

S

—

HPA axis dysregulation
Changes in brain
Inflammation

Circadian rhythms

+ Physical inactivity
- Weight gain (diet, drug)
+ Loss of motivation or interest

Diabetes

+ Mental and economic burden |

Common
factors

‘ « Psychomotor retardation
+ Self-care deficit

Depression

« Decreased quality of life

+ Low self-esteem, negative emotion

+ Inadequate family support

« Episodic hypoglycemia/hyperglycemia

Fig. 1. Hypothesis of biological mechanisms of diabetes and depression. HPA, hypothalamus-pituitary-adrenal.
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