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Abstract

Type-2 diabetes mellitus (T2DM) is a chronic metabolic disorder that requires a good medical care in
combination with patient self-management and concern to prevent the mortality due to complications. T2DM
poses a psychosocial stress on the mind and decreases quality of life. About 41% of patients with diabetes suffer
with poor psychological disorders and in them depression is commonly identified. Significant proofs indicate
the association between depression and poor glycemic control. Various complications of diabetes associated
with depression are worsening glycemic control, retinopathy, nephropathy, cerebrovascular disease and higher
rates of mortality. This article reviews studies examining the link between depression and diabetes,
pathophysiological implications and their treatment options. There are various challenges regarding the
treatment of diabetes related depression. The patients with diabetes and depression have poor adherence to
antidiabetic, lipid-lowering and antihypertensive treatment. Treatment strategies should include combined
interventions. The role of antidepressants in causing diabetes has also been checked. Various studies have been
conducted regarding the use of antidepressants for depression and diabetes. A collaborative approach is required
to tackle both issues of diabetes and depression.

KEYWORDS: Type-2 diabetes mellitus; Depression; Psychological well-being; Mortality; Pathophysiological
implications

ABBREVIATIONS: T2DM= Type 2 Diabetes Mellitus.

INTRODUCTION: situation prevails which can be short-term
or long-term for example brain damage,
amputations and heart disease.The
prevalence of diabetes is increasing
rapidly and the number of people suffering
from diabetes is expected to be about 366

Type 2 diabetes mellitus is a group of
metabolic disorder in which pancreatic
islet P-cells do not secrete insulin
adequately and hyperglycemic condition

occurs due to varying degrees of high-fat million by year 2030 . Type 2 diabetes

diet intake, sedeptary life . style, mellitus built a huge burden to all nations.
consequential overweight or obesity, and But the highest burden lies on the

insulin resistance. It is a multifactorial developing countries where more than

disease which involves multiple genes and 80% people suffer from diabetes.
environmental factors. Aberrant levels of Estimates of the prevalence of diabetes
glucose have been discovered in the blood and impairment glucose tolerance (IGT)

stream of diabetic person. Alarming are very much increasing in Asian
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countries and it is expected to increase
further in these countries in the coming
decades. The prevalence of diabetes in
India ranges from 2.7% in rural India to
14% in urban India.

Another most commonly diagnosed
central nervous system syndrome in adults
nowadays is depression. Its severity may
increase from acute to chronic depending
upon illness. Depression is at a risk of
becoming the second leading cause of
disability by 2030. Depression is a serious
illness in which the person feels sad and
the symptoms of depression include
irritability, difficulty in concentrating,
insomnia, overeating and thoughts of
suicide. The factor which contributes to
depression may be genetic, chemical,
biological, psychological, social or
environmental changes. Depression is
most commonly associated with chronic
conditions such as cancer, heart attack or
stroke, diabetes or Parkinson’s disease.
There are various screening tools which
have been effectively used by medical
practitioners to check the severity of
depression. Beck Depression Inventory
(BDI) has been one of the major tools for
screening of major depression in diabetes.

EPIDEMIOLOGY OF DEPRESSION
AND DIABETES

Occurrence of depression is increasing
rapidly and is thought to be doubled in
those who have diabetes as compared to
others who are not diabetics. A number of
studies relate the psychological disorders
to diabetic condition and the results have
proved the mean prevalence of current
depression in diabetic subjects to be 14.0%
in controlled studies and 15.4% in
uncontrolled studies. Around 41% of
diabetic  patients suffer with poor
psychological  well-being and  the
occurrence of depression and anxiety
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disorders is most commonly identified.
World Health Survey estimated the
prevalence of depression in 245,404
individuals from 60 countries across the
world. The overall results of depression in
individuals with diabetes were found to be
9.3%. The prevalence of depression was
significantly higher among patients of type
2 diabetes (17.6%) than those without
diabetes (9.8%). Table 1 shows the
prevalence of depression in diabetic
patients.  Anderson and colleagues
performed a meta-analysis which showed
that the occurrence of depression was
twice in diabetic patients than that of non
diabetic groups and no difference was seen
by sex, type of diabetes or assessment

methodl7. The seven controlled studies
which involved the psychiatric diagnostic
interviews of diabetic patients, depression
prevalence was found to be 9%. The meta-
analysis done to study the association
between depression and diabetes included
the result evaluated through 28 studies
which showed a significant link between
depression and glycemic control and
showed a small ES (0.16; 95% CI 0.13—
0.20). Larijani and colleagues performed a
cross-sectional study including 375 type 2
diabetic patients (222 female and 153

male)20.  Depending upon DSM-IV
questionnaire, depression was diagnosed
in 23.7% and dysthymic disorder in 9.3%
of patients. Depressive disorder was
associated with female gender; age 31-59

years and poor glycemic control20. Table
2 list out the various independent factors
which may be responsible for occurrence
of depression in diabetes. Gender, marital
status, religion, education, occupation,
socioeconomic status and glycemic control
are seen to affect the occurrence of
depression in the patients with diabetes
condition.

www.earthjournals.org 20



INTERNATIONAL JOURNAL OF PHARMACOLOGY AND THERAPEUTICS

ISSN 2249 — 6467

Table 1: Studies documenting the prevalence of depression in diabetic populations.
(Abbreviations: OR= odds ratio; CI= confidence interval).

Source

Methods

Findings

Anderson et al 2001  Meta-analysis study containing occurrence of depression was twice in diabetic
diabetic and non-diabetic groups  patients than that of non diabetic groups (OR =

2.0, 95% CI 1.8-2.2) and no difference was seen
by sex, type of diabetes or assessment method

Lustman et al 2000a  Meta-analysis review of 28 significant link between depression and glycemic

Larijani et al 2004

studies

375 type 2 diabetic patients

control (Z = 5.3, P <0.0001) and showed a small
ES (0.16; 95% CI 0.13-0.20)

a cross-sectional study including Depressive disorder was associated with female

gender (CI 95%: 0.28-0.79, OR=0.4); age 31-59
years (¥2: 6.6, P=0.03) and poor glycemic control
(C195%: 0.20-0.62, OR=0.3)

Table 2: Independent risk factors for occurrence of depression in diabetes.

Source

Factors studied

Contributing factors

Téllez-Zenteno

gender, marital status, religion,

and Cardiel 2002 education, occupation,

socioeconomic  status  and
glycemic control

Egede and Zheng poor physical health, duration

2003 of diabetes, poverty and
smoking
Katon et al 2009 Behavior, treatment intensity,

HbA . levels, and diabetes
complications

Roupa et al 2009 Sex and body mass index

Stankovié
2007

et

(BMI)

al demographic, psycho-social,
clinical, anthropometric and
metabolic characteristics

Widowed (OR 3.54, confidence interval [CI] 1.56-
8.11, p = 0.0007); female (OR 2.95, CI 1.50-5.82, p =
0.006); housewife (OR 2.08, CI 1.10-3.94, p = 0.01);
poor compliance (OR 2.14, CI 1.12-4.10, p = 0.01),
and presence of comorbidity (OR 5.60, CI 1.51-24.5, p
= 0.002). The most constant associations were
presence of blood glucose at the last appointment
>or=200 (OR 3.23, CI 1.59-6.60, p = 0.0003) and
>0or=250 (OR 2.15, CI 0.93-5.03, p = 0.05), as the
average of the last five blood glucoses >or=200 (OR
3.67, C11.76-7.73, p = 0.0001), >or=250 (OR 4.07, CI
1.61-10.49, p = 0.0007) and >or=300 (OR 2.12, CI
1.48-3.02, p = 0.003).

age <64 years, at least high school education, income
<124% of federal poverty level, perceived worsening
of health status, and smoking

younger age, female sex, less education, being

unmarried, BMI >30 kg/mz, smoking, higher
nondiabetic medical comorbidity, higher numbers of
diabetes complications in men, treatment with insulin,
and higher HbA | levels in patients <65 years of age

Women had two times higher rates of depressive
symptoms as compared to men. High BMI favors the
onset of depression at a relative risk of 3.9% per BMI
unit

level of diabetes related distress

(OR=1.084; p=0.000), total number of life events
(OR=4.528; p=0.001) and neuropathy (OR=8.699;
p=0.039) are the significant factors
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IMPACT OF DEPRESSION ON
PATIENTS WITH DIABETES
Significant proofs indicate the association
between depression and poor glycemic
control. A meta-analysis study gives a

small to moderate effect size of 0.1718,
Depression is associated with various
complications of diabetes such as:

& Coronary artery diseases

+ worsening glycemic control18

+ retinopathy, nephropathy,
peripheral neuropathy and
cerebrovascular disease

4+ higher rates of mortality28
Depression may lead to the worsening of
situation in diabetic patients as depression
is one of the major risk factor for causing

coronary artery disease2”. Apart from
these there are various other complications
of diabetes which are associated with
depression. Various stress responses
(biological, psychological or behavioral)
may play a significant role in relation to

adverse diabetes outcomes24. Physical
inactivity and dietary factors (BMI) are
responsible for macrovascular
complications. The patients with diabetes
and depression have poor adherence to
antidiabetic, lipid-lowering and
antihypertensive treatment. Treatment
options for the co-morbid condition are
also not adequate. The conventional anti-
depressant drugs are associated with
elevated levels of serum lipids,
cholesterol. Various other conditions can
be encountered such as agitation, insomnia
and drug interactions, .

PATHOPHYSIOLOGY OF
DEPRESSION AND DIABETES

Depression and diabetes are associated
with each other but the direction of
relationship is not clear. It has been shown
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through evidence that depression may be a
risk factor for diabetes occurrence or may
be the outcome of diabetes. A bidirectional
relationship occurs between depression
and diabetes. A recent study by Golden
and colleagues has proved that patients
who are undergoing diabetes treatment are
at an increased risk of developing
depressive symptoms. Insulin is necessary
for glucose metabolism in the periphery
and also for neuronal survival in the
central nervous system. In the brain,
insulin stimulates the uptake of glucose in
the glial cells and increases the glucose
transporter (Glut 1) mRNA in both
neurons and glia in primary culture.
Defects in the insulin action cause
fluctuations in the glucose level. It may
further lead to apoptosis, formation of
neuritic plaques and neurofibillary tangles.
Since the continuous supply of glucose is
required for proper functioning of brain,
deprivation of glucose caused by insulin
resistance leads to the impairment of brain
function. Depression may occur due to
impairment of glucose utilization which
further leads to changes in the behavior
and in turn quality of glycemic control

gets influenced38. When there is long-
term unavailability of glucose to the brain,
it may lead to onset of the symptoms of
depression39. Most of the brain cells
which respond to insulin, mainly located
in the limbic system, are prone to affective
disorders. In patients with affective
disorders, insulin resistance and
subsequent impairment of  glucose
metabolism may lead to
neurodegeneration and may promote the
onset of Alzheimer’s disease38.

High-Fat Feeding and CNS Insulin
Resistance

Nutrients levels are increased in high fat
feeding conditions which may lead to
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pathophysiological conditions such as
obesity, insulin resistance and diabetes.
Obesity leads to decreased transport of
insulin through the brain. And even if the
insulin is administered directly into the
hypothalamus, the food intake cannot be
lowered in high fat fed rodents. It indicates
that hypothalamic insulin signaling gets
impaired in  obesity. Apart from
impairment  of  hypothalamic Akt
activation pathway in response to high fat

diet43, various inflammatory processes get

activated in the hypothalamus43. All these
steps occur due to activation of Toll-like
receptors. High-fat feeding interrupts
insulin-signaling pathways in the brain.
Ceramides induce insulin resistance. When
the levels of ceramide are increased in the
periphery, it leads to obesity and the
metabolic syndrome.

Relationship between obesity and
depression

Recent reviews show a bidirectional
relationship between depression and
obesity. It has been observed that there is
55% increased risk of developing
depression in obese persons over time
whereas 58% increased risk of becoming
obese in depressed person. Obesity has
also been shown to increase the risk for
onset of chronic disease conditions.
Mostly all of the chronic disease
conditions are known to be associated with
depression which may increase the risk for
major complications to take place that may
be due to decreased treatment adherence.
A bidirectional relationship is seen
between depression and obesity. The
mediating factors for obesity induced
depression include behavioral (dieting and
weight cycling), biological (decreased
physical activity, hormonal and functional
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impairments) and psychological (low self-
esteem) factors. In most of the cases of
adolescents, obesity leads to depression.
The study on adolescent girls concludes
that depressed individuals take more diet
(food) and the reason may be to distract
themselves from negative emotions. Or the
dysregulation of hormone, serotonin,
provoke them to eat carbohydrate rich
foods. But in other cases, medical
treatments may lead to obesity. It has been
studied that anti-psychotic medications for
schizophrenia treatment may lead to
weight gain. Tri-cyclic antidepressants
may cause weight gain whereas selective
serotonin reuptake inhibitors may lead to
weight loss/gain.

Causal pathways between Diabetes and
Depression

There have been two hypotheses which
have been proposed to explain the causal
pathway between diabetes and depression.
The first hypothesis explains that
depression increases the risk of developing
diabetes although the mechanism is not
clear. Increased counter-regulatory
hormone release and action, alterations in
glucose transport function, and increased
immuno-inflammatory activation are the
factors which have been considered to be
responsible for increased risk of diabetes
in depression. All these factors contribute
to insulin resistance and beta islet cell
dysfunction which ultimately lead to type

2 diabetes!0. The second hypothesis states
that chronic psychosocial stress of having
a chronic medical condition is the main
reason of occurrence of depression in type
2 diabetes. The proposed hypothesis for
the occurrence of depressive symptoms in
diabetes is discussed in the figure given
below:
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Genetic Obesity Metabolic Lifestyle
factors syndrome changes
Insulin Resistance
Hyperglycemia

Decreased insulin activity, psychological changes
(anger, anxiety), neurotransmitter changes (5-HT, NE),
decreased cognition, impaired HPA-axis activity,
hypoglycemic episodes, biological changes
(inflammation, increased oxidative stress)

There are various factors which explain
the relationship between diabetes and
depression. Depression may occur in
diabetic patients due to the following
factors:

e psychological stress/ burden

e Dbiochemical changes
Psychological  stress:  Psychological
factors include denial, anger, guilt,
reactive depression and finally acceptance.
There are several evidences which show
that diabetes has a great impact on the
central nervous system affecting the
learning, memory and mental flexibility.
Stress and Glucose Regulation

Volume 3 Issue 1 2013

There is increased production of pituitary
hormones, catecholamines, corticosteroids
and suppression of insulin release due to

stress®0. All these factors lead to the
increase of glucose levels in the blood.
Stimulation of hyperglycemic condition
occurs when stress occurs in diabetic
individuals. Stress has been associated
with poor glycemic control in diabetic
persons and the symptoms of stress
include anger or lacking in stoicism.
Avoidance, detachment, or denial
adversely affects glycemic control in
diabetes.

Biochemical changes: There are various
factors which lead to the biochemical
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changes in the brain. Table 3 shows the
various pathophysiological mechanisms
causing depression and diabetes.

The potential changes which are being
found to be responsible are discussed
below:

Increased HPA-axis activity:
Uncontrollable stress leads to increased
stimulation of hippocampal-adrenal axis
activity which is the major reason of
depression. Moreover, increased HPA axis
activity 1i.e. increased Cortisol (stress
hormone) production has been seen in
individuals with diabetes. People with
inadequately controlled diabetes
demonstrate hyper activation of HPA-axis.
Likewise, in rodents with experimental
diabetes levels of adrenal Glucocortecoid
are increased. Although it is not confirmed
that  Glucocortecoid  participates  in
dysfunctioning of cognition in diabetes,
increased levels of Cortisol are involved in
poor cognitive ability in persons who are
being subjected to stress. Various
experimental studies have shown that
increased adrenal Glucocortecoid arbitrate
defects in cognitive function which occur
due to chronic stress. Additionally,
synaptic plasticity is being impaired due to
high levels of corticosterone and stress.
Furthermore, neurogenesis is inhibited by
the stress levels of corticosterone in the
hippocampus of adult rats and the relation
between levels of corticosterone and age—
related declines in neurogenesis and
memory have been implicated in many
studies. It is therefore hypothetical that
impairment of neuronal structure and
function may be mediated through
increased levels of corticosterone.

Role of serotonin (5-HT) in diabetes-
induced depression: The transport of
serotonin  precursor, tryptophan, is
facilitated by insulin through blood brain

Volume 3 Issue 1 2013

ISSN 2249 — 6467

barrier. Through the use of postmortem
brain studies, it has been revealed that
CNS of depressive patients contained the
decreased amount of 5-HT and its major
metabolite 5-hydroxyindoleacetic acid (5-
HIAA). The ratio of 5-HIAA/5-HT
turnover is increased in diabetic patients.
In  hippocampus, inactivation  of
decarboxylation reaction which occurs due
to lack of pyridoxal phosphate decreases
the conversion to 5-HT. When rats are
treated with moderate doses of pyridoxine,
it results in increased levels of 5-HT in
brain. Studies indicate that 5-HT and 5-
HT2A receptor binding is decreased due to
increased affinity in hippocampus of

diabetic rats’3.

The HPA-axis can mediate the connection
between 5-HT and Insulin Resistance (IR).
Impairment of glycemic control has been
associated with activation of HPA-axis
and these are reported in affective
disorders such as depression. Various
studies have documented the relation
between increased HPA-axis activity and
insulin resistance which proves that
hypercortisolemia is triggered by IR. It has
been demonstrated that insulin receptors
are present in higher amounts in the
hippocampus which regulates the HPA-
axis activity. Further, Cortisol
neurotoxicity may occur in the
hippocampus due to IR which may lead to
changes in endocrine homeostasis

affecting both mood and cognition39.

Role of Acetylcholine (Ach): Depressive
symptoms have also been found to have
dysfunctioning of acetylcholine receptors.
It has been studied through SPECT (single
photon emission computed tomography)
and PET (positron-emission tomography)
that the areas affected by depression such
as the limbic system and hippocampus
have decreased glucose metabolism. There
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may be decreased Ach synthesis due to

impaired  glucose utilization#0.  The
treatment with  cholinergic  agonists
increases the uptake of glucose in the brain
of rodents and humans. Ach synthesis and
release may be increased by insulin
through increase of brain glucose.

Role of glutamate: The role of excitatory
amino acids (i.e., glutamate) has also been
found in affective disorders. Glutamate,
through its effect on hippocampus, may
mediate glucose and insulin effects on

ISSN 2249 — 6467

memory performance. In-turn, glutamate
actions may get modulated by insulin
through postsynaptic activity of NMDA
(N-methyl-D-aspartate) receptors.
Therefore, under conditions of IR
decreased glucose availability may lead to
NMDA-receptor hypofunction which may
further lead to conditions such as

depressi0n84.

Table 3 Showing potential pathophysiological mechanism.

Source Mechanism
Musselman et al Increased production of pituitary hormones, catecholamines, corticosteroids and
2003 suppression of insulin release due to stress
Messier 2005 inadequately controlled diabetes demonstrate hyper activation of HPA-axis

Gould et al 1992

neurogenesis is inhibited by the stress levels of corticosterone in the hippocampus of
adult rats

Hoyer et al 1996 hypercortisolemia is triggered by Insulin Resistance

Abraham et al 2010 5-HT and 5-HT2A receptor binding is decreased due to increased affinity in
hippocampus of diabetic rats

areas affected by depression such as the limbic system and hippocampus have
decreased glucose metabolism

glutamate actions may get modulated by insulin through postsynaptic activity of

Delvenne et al 1990

Irwin et al 1994

NMDA (N-methyl-D-aspartate) receptors

Belgardt
Bruning 2010a

and hypothalamic insulin signaling gets impaired in obesity

Role of obesity in diabetes-induced
depression

It has been proved that people with high
body mass index are at increased risk of

developing depression24. Obesity is the
common health problem among people
and is increasing rapidly. Obesity is the
strongly linked with type 2 diabetes as
more than 80% of the people with type 2
diabetes are obese.

Obesity may occur due to genetic or
environmental causes. Several molecular
changes have been reported in human and
mouse pancreatic beta cells due to
elevated levels of free fatty acids or
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administration of a high-fat diet with
associated obesity. Various
pathophysiological events take place in the
development of diabetes type 2 from
obesity. These includes 1) increased lipid
oxidation due to increased adipose tissue
mass, ii) disturbance in the glycogen cycle
iii) glucose storage prevented by unused
glycogen leading to type 2 diabetes iv) at
the end abnormalities in P-cells takes
place. There have been subsequent studies
which showed a positive association
between obesity and depression. There are
several mediators for occurrence of
depression in obese patients which include
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social, behavioral, psychological and
biological factors.

PSYCHOPHARMACOLOGICAL
THERAPIES IN DIABETES
Independent of the age group of patients,
the general goals in the treatment of
diabetes mellitus consist of:
[1] Control of blood glucose, blood
pressure and lipid profile
[2] Treatment of macrovascular and
microvascular complications
[3] Self-management of patients
[4] Improve the health status of
patients
Various factors to be taken into
consideration include patient’s beliefs
about disease, the severity of the disease,
co-morbid  disorders, financial and
economic status and availability of
support. Treatment goals should be
individualized according to the severity of
disease, risk of complications,
comorbidity, life expectancy, and patient’s
preferences.  Dis-ease  burden  and
functional impairment are increased when

diabetes is coupled with depression91. The
survey of 998 adults with type 2 diabetes
discovered that in 13% of the cases
physical exercise, weight control, and
smoking are the main causes of link
between depression and hyperglycemia.
There have been various studies
explaining the link between depression
and hyperglycemia. The main factors
needed to be modified for the management
of depressive diabetic patients are lifestyle
and health behaviors.

The various strategies?! proposed include:
1) Exercise and weight loss: Reduced
abdominal adiposity, improved
lipid profile, enhanced cardiac
function and coronary blood flow

and decrease blood pressure are the
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main beneficial effects of exercise.
Diabetes and its complications are
directly and indirectly related to
these factors.
2) Patient should quit cigarette
smoking and alcohol consumption
3) Healthy diet: Increasing intake of
vegetables and fruits, reducing
intake of fatty foods
The psychological health of the diabetic
patients should be given the same attention
as the physical health. Treatment strategies
may include pharmacological,
psychotherapeutic or combined
interventions. A significant decrease in
A1C levels as well as systolic pressure has
been found with the use of sertraline. The
role of antidepressants in causing diabetes
has also been checked. Various studies
have been conducted regarding this and
significant association was found between
use of antidepressants for depression and
diabetes. A review was conducted on use
of antidepressant in DM and the use of
selective serotonin reuptake inhibitors
(SSRIs) such as fluoxetine, paroxetine,
citalopram and sertraline improved the
diabetes related depression and also
decreased the glucose levels but
nortriptyline worsened the condition by
increasing the glucose levels. Studies
conducted on conventional antidepressant
agents have shown that these drugs are at a
increased risk of causing metabolic
syndrome and hence diabetes mellitus.
Milnacipran (anti-depressant drug) has
also been proved to be beneficial in co
morbid depression and DM. SSRIs should
be preferred for the treatment of
depression in diabetes because tricyclic
antidepressants have many side-effects
such as weight gain and hyperglycemia
and this may lead to the worsening of the
metabolic control. Fluoxetine effectively
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ameliorates the depressive symptoms in
diabetic patients. The studies show that the
continuous 8 weeks treatment with
fluoxetine also leads to the better control
of glycemic control.

Studies which have been done by various
research professionals have proved to be
useful in one or the other way. But a
combination of pharmacotherapy and
psychotherapeutic  interventions might
prove to be beneficial to treat the condition
as none of the patients with the new onset
of depression are receiving better
treatment.

CONCLUSION

There is a belief that comorbidity of
Diabetes Mellitus and depression leads to
various functional impairments. As there
is increased rate of their co-morbid
occurrence so treatment strategies should
be frequently available. There should be
greater awareness among the patients as
the onset of this comorbidity is commonly
ignored until it becomes critical. But in
some cases the situation is different as the
depressive symptoms do not match the
criteria which could be defined for the
onset of depression. Psycho-education,
coping skills strategies and behavioral
interventions should be provided to the
patients additionally with their regular
treatment. A coordinated approach is
required for the treatment of depression in
diabetic patients which may lead to
improvement of the condition. Currently
the main problem is that it is not
recognized therefore some major path is
required to be followed.
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