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IntrOductIOn
Diabetes Mellitus (DM) is a serious health hazard all over the world. 
In the South East Asian region of which India is a part, there were 
72 million adults with DM in 2013 and it is expected to rise to more 
than 123 million by 2035 [1]. India, the largest country in this region 
has 65 million adults with DM and it is second only to China in the 
world [2]. Diabetes is frequently accompanied by serious short-
term complications like diabetic ketoacidosis or hypoglycaemia, 
disabling long term complications like cardiovascular disease, 
neuropathy, nephropathy or retinopathy. There is also an increased 
risk of depression [3]. Some studies have shown that there is a risk 
of depression in diabetes and that the relationship is bidirectional 
[4,5]. Other studies have observed that depression in diabetes 
was associated with chronic complications, increased pill burden 
and old age [6-8]. Therefore, depression in diabetics warrants 
early recognition and treatment. The present study was an attempt 
to decipher whether there is any difference in the metabolic and 
clinical profile between patients having Type 2 Diabetes Mellitus 
(T2DM) with depression and without depression as there are 
conflicting reports relating to depression and metabolic profile 
in these patients. To the best of our knowledge, there are no 
studies available in this region of rural Krishna district regarding 
the association of depression in T2DM and especially any research 
done elucidating our research question.

The present study was a cross sectional pilot study done on 
depressed T2DM and non-depressed T2DM subjects. Our 
institution caters to a largely rural population, having a low socio-
economic status. Therefore, the dietary habits, work, socio 
economic status and culture of the diabetic depressed and non 
depressed cohort are homogeneous.

 

AIm
To study the clinical and biochemical profile of subjects with T2DM 
and depression and to compare a non depressed diabetic group 
on the same parameters.

mAterIAls And methOds
The pilot study was an ICMR short term studentship study. It 
was a cross sectional, comparative study done over a 2 month 
period (May and June 2015), conducted at a tertiary care teaching 
hospital in rural Andhra Pradesh. Patients with T2DM attending the 
outpatient clinic of General Medicine department were the subjects 
of this study. Informed consent was taken from the patients and 
ethical committee clearance was obtained from the Institutional 
ethical committee for carrying out the study.

The inclusion criteria were T2DM subjects diagnosed as having the 
disease for more than 1 year (either in the institution or elsewhere), 
aged between 20 to 80 years and of both sexes. The exclusion 
criteria were pregnant women, those with acute complications 
of T2DM, deaf subjects, those who cannot understand the self 
report questionnaire, subjects with prior depression, family history 
of depression or history of thyroid disease. 

The socio demographic, clinical data, including biochemical data 
and anthropometry measurements were recorded on a semi 
structured proforma. Depression was assessed and graded 
using the Patient Health Questionnaire-9 (PHQ-9), a self report 
questionnaire in Telugu- the local language. Its use has been 
validated for the Indian population and it is considered to be a 
reliable tool in the diagnosis of depression [9]. The subjects with 
T2DM were categorized as depressed or non depressed after 
administering the PHQ-9 questionnaire. Out of them 30 subjects 
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ABstrAct
Introduction: There were 72 million adults with Diabetes 
Mellitus (DM) in 2013 in the South East Asian region of which 
India is a part. This figure is expected to rise to more than 123 
million by 2035. Some studies have also shown that there is an 
increased risk of depression in subjects with Type 2 Diabetes 
Mellitus (T2DM). The present study is an attempt to decipher 
whether there is any difference in the metabolic and clinical 
profile between patients having T2DM with depression and 
without depression. 

Aim: To study the clinical and biochemical profile of subjects 
with T2DM and depression and compare a non-depressed 
diabetic cohort on the same parameters.

materials and methods: The cross-sectional study was 
conducted at a tertiary care teaching hospital in rural Andhra 
Pradesh. Patients with T2DM who fulfilled the inclusion and 
exclusion criteria and attending the outpatient clinic of the 
General Medicine department were the subjects of this study. 

The subjects with T2DM were categorized as depressed 
or non-depressed after administering the Patient Health 
Questionnare-9. Out of them 30 subjects with depression and 
30 without depression were selected. Samples for blood were 
collected and analysed for glucose, urea, creatinine, lipid profile 
and glycated haemoglobin. Urine micro protein was estimated. 
Anthropometric measurements, blood pressure and chronic 
complications were recorded. 

results: The two groups were similar on most of the socio-
demographic parameters, biochemical and many of the clinical 
parameters like age, waist circumference, glycated haemoglobin, 
lipid profile and insulin use. The Chi-square test for association 
between the categorical variables like use of insulin, gender 
predilection, exercise and complications with depression were 
not significant. 

conclusion: The study did not show any significant difference 
between the two groups in terms of the biochemical and clinical 
profile.



Udipi Badikillaya Vijayalakshmi et al., Biochemical and Clinical Profile in Type 2 Diabetics with Depression www.jcdr.net

Journal of Clinical and Diagnostic Research. 2016 Aug, Vol-10(8): BC19-BC232020

parameters depressed non-depressed

Age, in years and standard 
deviation(SD)

50.8 (±9.7) 53.5 (±12.9) (p=0.35)

Gender Males -15; 
Females – 15

Males -18; Females – 12

Duration of illness in years 9.9 (±8.2) 8.1 (±5.7) (p=0.31)

Number of subjects doing exercise 12 14

Number of subjects with family 
history of diabetes mellitus

10 8

Subjects on insulin 14 9

Subjects with chronic 
complications

8 9

Body mass index in kg/square 
metre

28.8(±5.2) 27.2(±4.1) (p=0.20)

Waist circumference in centimetres Males - 106.6 
(±18.6) Females - 
113.5(±15.4)

Males - 104.4(±13.1)   
(p=0.71) Females - 
102.1(±14.1)  (p=0.54)

Systolic blood pressure in mmHg 126.4(±14.1) 136.6(±19.4)  (p=0.23)

Diastolic blood pressure in mmHg 75(±7.7) 78.7(±9.8)  (p=0.75)

Haemoglobin in gm% Males 13.1(±1.3); 
Females 
11.7(±1.3)

Males 13.1(±1.5); 
Females 11.5(±1.3)  
(p=0.68)

Glycated haemoglobin% 8.3(±1.3) 8.1(±1.1)  (p=0.39)

Depression score 9.8(±2.5) 1.9(±0.9)

Fasting blood sugar in mg/dl 169.6±49.4 175.2±53.5[ p=0.67)

Total cholesterol in mg/dl 200.2±29.6 196.4±36.8 (p=0.65)

LDL cholesterol in mg/dl 124.2±28.8 122.4±34.5 (p=0.64)

HDL cholesterol in mg/dl 41.3±6.1 40.5±6.3 (p=0.59)

Urea in mg/dl 26.1±6.5 29.9±7.4 (p=0.66)

Creatinine in mg/dl 0.9±0.1 1.01±0.8 (p=0.79)

Protein/creatinine ratio 0.2±0.1 0.15±0.1 (P=0.51)

[table/Fig-1]: Socio-demographic and clinical profile in depressed and non 
depressed diabetics. Mean and standard deviation is shown. p-value <0.05 is 
significant.

diagnosed as depressed and 30 who were not depressed were 
selected for the study. The PHQ-9 is a nine item self report 
version of Primary Care Evaluation of Mental Disorders (PRIME-
MD), which assesses major depression according to Diagnostic 
and Statistical Manual IV edition (DSM-IV) criteria. There is a good 
agreement reported between the diagnosis of depression by this 
questionnaire and that done by psychiatric health professionals 
[10]. Those patients with values between 6-10 were considered 
as suffering from mild depression, values above 10 was diagnosed 
as moderate depression and above 15 as severely depressed. 
Major depression is diagnosed if the score is >10. Subjects with 
values <5 are considered as non-depressed [11]. One group had 
30 depressed T2DM subjects and the other group comprised of 
30 non-depressed T2DM subjects. Fasting blood samples were 
obtained from the patients after an overnight fast of 12 hours. Two 
millilitres (ml) of blood in lithium heparin vacutainer tubes for fasting 
glucose and HbA1C estimation and 2 ml blood in vacutainer tubes 
having clot activator was collected for estimation of lipid profile, 
urea and creatinine. The collected blood samples were centrifuged 
at a speed of 3000 rpm for 10 minutes and the plasma or serum 
separated for estimation of analytes. Simultaneously, a spot urine 
sample was collected in a sterilized container and analysed for 
micro protein and creatinine concentration. All the analytes were 
estimated using standardized kits of Randox company (United 
Kingdom based company), using a fully automated clinical 
chemistry analyser- Randox Daytona. Low density lipoprotein 
was estimated by Freidewald’s formula. The formula is TC-(TG/5+ 
HDL). All the above values are in milligrams per decilitre (mg/dl). 
Urinary micro protein was estimated by pyrogallol red method. 
Microprotein/creatinine ratio was estimated. A value of >0.2 was 
considered significant proteinuria [12]. 

Standard  body height was measured with a commercial 
stadiometer. A digital scale with an accuracy of ± 100g was 
used to measure Body Weight (BW) in kilograms (kg). The Waist 
Circumference (WC) in centimetres (cm) was measured in a 
horizontal plane, midway between the inferior margin of the ribs 
and the superior border of the iliac crest with a standard tape. Body 
Mass Index (BMI) was calculated (weight in kg/height in square 
metres). Systolic and diastolic blood pressure was measured 
using a mercury sphygmomanometer.

Neuropathy was evaluated by history and by clinical examination 
done by physician. Incipient nephropathy was diagnosed by spot 
urine protein-creatinine ratio. The ophthalmologist conducted 
a detailed fundus examination to identify retinopathy. Coronary 
artery disease was diagnosed by a history of angina or myocardial 
infarction as documented by previous treatment records.

stAtIstIcAl AnAlysIs
Descriptive statistics was used and Student’s t-test was used to 
compare the continuous variables. The categorical variables were 
compared using the Chi-square test. Correlation coefficient was 
used to test for relationship if any, of the continuous variables. A 
probability value of <0.05 was considered significant.

results
Descriptive statistics was used to compare the socio-demographic, 
biochemical and clinical data between the two groups. These 
two groups were similar on most of the socio demographic 
parameters, biochemical and many of the clinical parameters as 
given in [Tables/Fig-1]. The biochemical parameters between the 
two groups did not show statistically significant differences p >0.05 
as seen in the table. The Chi-square test for association between 
the categorical variables like use of insulin, gender predilection, 
exercise and complications with depression were not significant as 

seen in [Table/Fig-2]. [Table/Fig-3] shows the correlation coefficient 
between continuous variables like, waist circumference and BMI 
with depression. There was no significant correlation. [Table/Fig-4] 
shows the number of subjects with different grades of depression. 
[Table/Fig-5] shows the gender distribution in depressed diabetics. 
The number of males and females in the depressed group were 
the same. [Table/Fig-6,7] show age-wise distribution of depressed 
and non depressed diabetics respectively. Younger age group 
subjects were present in the non depressed group. 

Continuous variables Correlation coefficient

Waist circumference in men r2 = 0.08

Waist circumference in females r2 = 0.03

Body mass index r2 = 0.005

[table/Fig-3]: Correlation between continuous variables and depression.

association between categorical 
variables

Chi-square test 
value

 p-value (<0.05 
significant)

Insulin use and depression 1.76 0.18

Exercise and depression 0.62 0.43

Complications and depression 0.08 0.77

Gender difference in depression 0.61 0.44

[table/Fig-2]: Association between categorical variables and depression. 

grades of depression number of patients

Mild 16

Moderate 12

Severe 2

[table/Fig-4]: Number of subjects with different grades of depression.
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dIscussIOn 
The present study on 30 Type 2 diabetic patients with depression 
and 30 non depressed Type 2 diabetic patients had shown that 
the mean age of the depressed and non depressed cohort was 
50.8±9.7years (y) and 53.5±12.9 years respectively. This was 
not statistically significant. An Indian study, by Mathew et al., 
in Ludhiana reported similar findings where the mean age in 
depressed diabetics was 53.9 ± 9.5 years and in non-depressed 
diabetics 56.2±11.4 years [13]. Another study in Mangalore city 
showed that the diabetic patients were more pronounced in the 
41-60 year age group [14]. There were equal number of males 
and females (15 males and 15 females) in the depressed group 
compared to the non-depressed group represented by 18 males 
and 12 females in our study. Preponderance of females 53% 
when compared to 37% males was found in a study by Joseph et 
al., [14]. The difference was statistically significant in their study. 
Mathew et al., found no significant gender difference in relation 

to depression p=0.428. The reason why there was no significant 
gender difference with relation to depression could be that in the 
latter study and in the present study the study population was 
small being 80 and 60 subjects respectively, when compared to 
the study by Joseph et al., where the study was conducted on 
230 T2DM subjects [13,14]. A study by Zuberi et al., in Karachi, 
Pakistan on 286 subjects with T2DM found that there was female 
preponderance. Their study reported that women exercised less 
and had greater BMI when compared to men [15]. Since our study 
was carried out on a small sample coming to the hospital we did 
not find any sex difference in the prevalence of depression. 

The duration of illness was not statistically different in our study 
between the depressed and non-depressed groups’ p=0.31, 
though the mean duration of illness was longer in the diabetic 
depressed population. The present study did not differ from other 
studies in this regard like the CURES study done on a sizeable 
population of 847 T2DM subjects, found no significant difference 
in duration of illness in the depressed and non depressed group 
p=0.687 [7]. Lin et al., conducted a longitudinal study on a primary 
care population with T2DM numbering 4623. The mean duration 
of T2DM was not very different in subjects with no depression, 
minor depression and major depression being 8.6, 10.2 and 9 
years respectively [16].

The BMI between the two groups did not vary significantly in our 
study. The study by Niraula et al., in Nepal too did not find any 
relation between BMI and depression severity p=0.90 [17]. Similarly, 
the CURES-102 study did not find any significant difference in the 
2 groups compared on BMI p=0.215. They found no significant 
difference even in the waist circumference between the 2 groups 
p=0.057 [7]. This finding was similar to our study where the waist 
circumference between males and females between the two 
groups and BMI showed statistically no significant difference and 
found no correlation between waist circumference and BMI with 
depression. A study done by Raval et al., reported that BMI was 
more in females when compared to males p<0.001, though there 
was no difference in WC in the two groups [6]. Mathew et al., 
reported that increased BMI was a significant risk for depression 
in T2DM p<0.001 [13]. A systematic review and meta analysis 
of longitudinal studies by Luppino et al., reported that there is a 
55% risk of developing depression in an obese person, whereas 
depressed persons had a 58% risk of being obese. It was a bi-
directional relationship [18]. 

The biochemical profile comprising FBG, lipid profile, serum 
creatinine, blood urea, glycated haemoglobin and spot urine 
protein creatinine ratio did not vary significantly between the 
two groups (p>0.05). The CURES -102 study also showed no 
differences in all these parameters in depressed diabetics versus 
the non-depressed group, except that spot urine microalbumin/
creatinine ratio was used in their study to identify nephropathy, 
while our study assessed nephropathy by the urine microprotein/
creatinine ratio. Their study reported that nephropathy as assessed 
by microalbumin/creatinine ratio was significantly associated with 
depression, p<0.001, but the association was lost after adjusting 
for retinopathy, p=0.119 [7]. Raval et al., in their study reported 
that there was no difference in the HbA1C level in patients with 
and without depression. They too found that micro and macro 
vascular complications due to DM were strongly related to the 
prevalence of depression in this group. The lipid profile in their 
study did not show any significant difference for most parameters 
except for LDL and TG that were higher in women when compared 
to men. Similarly FBG was higher in women when compared to 
men. The central adiposity seen in females in their study could 
be the reason for the changes observed in FBG, LDL and TG in 
female depressed diabetics [6].

A study done by Matthew et al., found no difference in HbA1C 
between T2DM patients with depression and without depression, 

[table/Fig-5]: Gender distribution of depression.

[table/Fig-6]: Age distribution of depressed subjects.

[table/Fig-7]: Age distribution of non depressed subjects.
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p=0.013. In their study, the majority of the patients did not 
meet the glycaemic target of HbA1C<7% [13]. Therefore, they 
concluded that this could be the reason for the difference not 
being statistically significant. This finding is similar to our study 
where the diabetic subjects had elevated HbA1C, the mean being 
>8%. The study by Joseph et al., also reported no difference in 
HbA1C values between depressed and non depressed diabetics, 
p=0.922 [14]. A meta-analytic study by Lustman et al., found that 
depression was associated with poor glycaemic control in T2DM 
also. It was reported that the studies that diagnosed depression 
using standard diagnostic interviews reported better association 
of poor glycaemic control with depression when compared to self 
report questionnaires, probably because self report questionnaires 
also identify subclinical depression. The study also found that 
though the effect size was small 0.17 the difference in HbA1C 
was 3% which is not small when translated into clinical information 
[19]. Katon et al., in their study reported that mean HbA1C value 
≥8% and diabetic complications are associated with depression 
in diabetics. They found that the value of ≥8% correlated with 
depression in subjects <65 years of age. They also reported that 
depression was more below 65 years of age. They had used the 
PHQ-9 to study depression. In our study a similar HbA1C value 
in both depressed and non-depressed diabetics was seen, as 
more number of patients belonged to the subclinical depression 
category and only 2 patients had severe depression [20]. 

The present study did not show any difference in the prevalence 
of long term complications between the depressed and non-
depressed diabetics. Lin et al., in their study found a strong 
association between diabetic complications and major depression. 
The association was more for the microvascular complications 
than macrovascular complications [16]. In our study the 2 patients 
who had severe depression with a PHQ-9 value >15 had chronic 
complications of DM like coronary artery disease and neuropathy. 
The subjects in the subclinical and clinical depression group 
did not show any difference in the complications due to T2DM 
as assessed by the Chi-square test. The cause of the increased 
complications due to depression severity has been explained as 
follows. Activation of hypothalamo-pituitary-adrenal axis, increased 
release of catecholamines, cytokines, platelet/endothelial cell 
adhesion molecule-1 is associated with depression. This largely 
contributes to the progression of disease and complications 
associated with T2DM [16]. 

The categorical variables that were evaluated for association 
with depression were insulin use, chronic complications, exercise 
and gender difference. There was no association between 
these variables and depression in our study. Zuberi et al., found 
no significant association between insulin use, exercise and 
depression but found an association between lack of self care 
activities and gender with depression. Self care activities like 
taking the proper dosage, foot care and dietary restriction was not 
seen in the depressed group [15]. A study by Park et al., found 
that depression was associated with lack of exercise and poor 
self care behaviour. They too found no significant relation between 
insulin use and depression [21]. The study by Joseph et al., and 
another study found an association between insulin use and 
depression. They deduced that this could be because the patients 
found insulin to be a burdensome treatment and also due to the 
pain of injection [14, 22]. 

Fruehwald Schultes et al., found that hyperinsulinemia led to 
hypercortisolemia and hypercortisolemia led to damage of limbic 
system responsible for mood and memory. This accounted for the 
behavioural and neurocognitive deficits seen in subjects with this 
disorder [23]. Insulin also acts as a trophic factor in the brain [24]. 
It was observed that in T2DM which is due to insulin resistance, 
insulin cannot activate its receptor leading to absence of activation 
of Phosphtidyl Inositol-Kinase (PI3-K) which is required to 

inactivate Glycogen Synthase Kinase-3 (GSK-3) [25]. The GSK-3 
constitutively inhibits the activity of glycogen synthase and this 
inhibition is overcome when insulin acts on its receptor. The Brain 
Derived Neurotropic Factor (BDNF), also activates PI3-K pathway 
which is also a central signalling pathway for the synthesis of 
proteins responsible for neuronal growth, survival and neuronal 
plasticity [26]. This factor is also reduced in diabetic patients. 
Overall it leads to activation of GSK-3 that is associated with 
learned helplessness in animals that is analogous to depression 
in humans [27]. 

lImItAtIOn
The limitations are that as it was a cross-sectional study, the bi-
directional relationship between depression and diabetes cannot 
be established. As the sample size was 60 and we had more 
subclinically depressed diabetics, we could not find any difference 
in the biochemical and clinical profile between depressed and non 
depressed diabetics.

cOnclusIOn
Our study did not find any significant difference in the socio-
demographic, biochemical and clinical data between depressed 
and non-depressed diabetics. As the PHQ-9 sensitivity in 
diagnosing clinical depression is seen for values above 10, this 
can be used to differentiate clinical from subclinical depression 
in further studies and a larger cohort can be taken to study the 
difference between the 2 groups on similar parameters to test the 
null hypothesis. The strength of our study is that it is the first pilot 
study of this kind in this area.

AcKnOwledgements 
We take this opportunity to thank the Indian Council of Medical 
Research (ICMR) for their assistance in this ICMR short 
term studentship (STS) project, which encourages medical 
undergraduates to take up research. We thank the Principal Dr 
PSN Murthy and the Director General for providing us the facilities 
to conduct the study.

reFerences
 Online atlas of International diabetes federation: 6th edition 2013 https://www.[1]

idf.org/sites/default/files/EN_6E_Atlas_Full_0.pdf
 Ramachandran A, Chamukuttan S, Ching Wan Ma R. Diabetes in South-East [2]

Asia: An update for 2013 for the IDF Diabetes Atlas. Diabetes Res Clin Pract. 
http://dx.doi.org/10.1016/j.diabres.2013.11.011.

 Roy T, Lloyd CE. Epidemiology of depression and diabetes: A systematic review. [3]
J Affect Disord. 2012;142(S1):S8-21.

 Golden SH, Lazo M, Carnethon M, Bertoni AG, Schreiner PJ, Diez Roux AV, [4]
et al. Examining a bidirectional association between depressive symptoms and 
diabetes. J Am Med Assoc. 2008;299:2751-59.

 Anderson RJ, Freedland KE, Clouse RE, Lustman PJ. The prevalence of [5]
comorbid depression in adults with diabetes. Diabetes Care. 2001;24:1069–78.

 Raval A, Dhanaraj E, Bhansali A, Grover S, Tiwari P. Prevalence and determinants [6]
of depression in type 2 diabetes patients in a tertiary care centre. Indian J Med 
Res. 2010;132:195-200.

 Poongothai S, Anjana RM, Pradeepa R, Ganesan A, Unnikrishnan R, Rema M, [7]
et al. Association of depression with complications of type 2 diabetes – The 
Chennai Urban Rural Epidemiology Study (CURES- 102). J Assoc Physicians 
India. 2011;59:640-44.

 Engum A, Mykletun A, Midthjell K, Holen A, Dahl AA. Depression and diabetes: [8]
A large population-based study of sociodemographic, lifestyle, and clinical 
factors associated with depression in type 1 and type 2 diabetes. Diabetes Care. 
2005;28:1904–09.

 Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression [9]
severity measure. J Gen Intern Med. 2001;16 :606-13. 

 Wittkampf KA, Naeije L, Schene AH, Huyser J, Van Weert HC. Diagnostic [10]
accuracy of the mood module of the Patient Health Questionnaire: a systematic 
review. Gen Hosp Psychiatry. 2007;29(5):388-95.

 Kroenke K, Spitzer RL. The PHQ-9: A new depression diagnostic and severity [11]
measure. Psychiatr Ann. 2002;32 (9):1-9.

 Antunes VVH, Veronese FJV, Morales JV. Diagnostic accuracy of the protein/[12]
creatinine ratio in urine samples to estimate 24-h proteinuria in patients with 
primary glomerulopathies: a longitudinal study. Nephrol Dial Transplant. 
2008;23:2242–46.



www.jcdr.net Udipi Badikillaya Vijayalakshmi et al., Biochemical and Clinical Profile in Type 2 Diabetics with Depression

Journal of Clinical and Diagnostic Research. 2016 Aug, Vol-10(8): BC19-BC23 2323

  paRtiCUlaRS oF ContRiBUtoRS:
1. Associate Professor, Department of Biochemistry, Dr Pinnamaneni Siddhartha Institute of Medical Sciences & Research 

Foundation, Chinoutapalli, Krishna, A.P., India.
2. Undergraduate Medical Student, Dr Pinnamaneni Siddhartha Institute of Medical Sciences & Research Foundation,  

Chinoutapalli, Krishna, A.P., India.
3. Consultant Endocrinologist, Santhi Endocrine and Diabetes Hospital, Vijayawada, India.

name, addReSS, e-mail id oF the CoRReSponding aUthoR:
Dr. Udipi Badikillaya Vijayalakshmi,
40-14-4, Chandramoulipuram, Vijayawada-520010; A.P., India.
E-mail: drpvijayalakshmi68@gmail.com

FinanCial oR otheR Competing inteReStS: None.

Date of Submission: may 25, 2016
Date of Peer Review: jun 13, 2016
 Date of Acceptance: jul 13, 2016
Date of Publishing: aug 01, 2016

 Mathew CS, Dominic M, Isaac R, Jacob JJ. Prevalence of depression in [13]
consecutive patients with type 2 diabetes mellitus of 5-year duration and its 
impact on glycemic control. Indian J Endocrinol Metab. 2012;16( 5):764-68.

 Joseph N, Unnikrishnan U, Raghavendra Babu YP, Kotian SM, Nelliyani M. [14]
Proportion of depression and its determinants among type 2 diabetes mellitus 
patients in various tertiary care hospitals in Mangalore city of South India. Indian 
J Endocrinol Metab. 2013;17(4):681–88.

 Zuberi S, Syed EU, Bhatti JA. Association of depression with treatment outcomes [15]
in Type 2 Diabetes Mellitus: A cross-sectional study from Karachi, Pakistan. BMC 
Psychiatry. 2011;11:27. 

 Lin EHB, Rutter CM, Katon W, Heckbert SR, Ciechanowski P, Oliver MM, et [16]
al. Depression and advanced complications of diabetes. Diabetes Care. 
2010;33(2):264-69.

 Niraula K, Kohrt BA, Flora MS, Thapa N, Mumu SJ, Pathak R, et al. Prevalence [17]
of depression and associated risk factors among persons with type-2 diabetes 
mellitus without a prior psychiatric history: a cross-sectional study in clinical 
settings in urban Nepal. BMC Psychiatry. 2013;13:309-20.

 Luppino FS, Leonore M, Bouvy PF, Stijnen T, Cuijpers P, Penninx B, et al. [18]
Overweight, obesity, and depression: A systematic review and meta-analysis of 
longitudinal studies. Archives of General Psychiatry. 2010;67:220-29.

 Lustman PJ, Anderson RJ, Freedland KE, De Groot M, Carney RM, Clouse RE. [19]
Depression and poor glycemic control: A meta-analytic review of the literature. 
Diabetes Care. 2000;23:934–42.

 Katon M, Von korff M, Ciechanowski P, Russo J, Lin E, Gregory S, et al. Behavioral [20]
and clinical factors associated with depression among individuals with diabetes. 
Diabetes Care. 2004;27(4):914-20.

 Park H, Hong YS, Lee H, Ha EH, Sung YA. Individuals with type 2 diabetes and [21]
depressive symptoms exhibited lower adherence with self-care. J Clin Epidemiol. 
2004;57:978-84.

 Vijan S, Hayward RA, Ronis DL, Hofer TP. Brief report: The burden of diabetes [22]
therapy: Implications for the design of effective patient-centered treatment 
regimens. J Gen Intern Med. 2005;20:479–82.

 Fruehwald-Schultes B, Kern W, Bong W, Wellhoener P, Kerner W, Born J, et al. [23]
Supraphysiological hyperinsulinemia acutely increases hypothalamic-pituitary-
adrenal secretory activity in humans. J Clin Endocrinol Metab. 1999; 84:3041-
46.

 Zhao WQ, Alkon DL. Role of insulin and insulin receptor in learning and memory. [24]
Mol Cell Endocrinol. 2001;177:125-34.

 Cohen P, Frame S. The renaissance of GSK3. [25] Nat Rev Mol Cell Biol. 2001;2:769-76.
 Johnson-Farley NN, Travkina T, Cowen DS. Cumulative activation of Akt [26]

and consequent inhibition of glycogen synthase kinase-3 by brain-derived 
neurotrophic factor and insulin-like growth factor-1 in cultured hippocampal 
neurons. J Pharmacol Exp Ther. 2006;316:1062-69.

 Castillo-Quan JI, Barrera-Buenfil DJ, Pérez-Osorio JM, Alvarez-Cervera FJ. [27]
Depression and diabetes: from epidemiology to neurobiology. Rev Neurol. 
2010;51(6):347-59.


