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ABSTRACT
Objective: The aim of this study was to examine whether the presence of depression in overweight or obese adolescents increases the likelihood
of cardiometabolic risk factors.
Method: We performed a retrospective cross-sectional analysis of the data obtained from overweight or obese, adolescents aged 11-18 years,
who were evaluated in our clinic from January 2012 to December 2015. Depression was evaluated by “Children’s Depression Inventory”.
Hypertension, dyslipidemia, hyperinsulinemia, hyperglycemia and insulin resistance were defined as cardiometabolic risk factors. The degree of
obesity was calculated as the body mass index standard deviation score.
Results: Among 283 adolescents who were included in the study, 75 (26.5%) were overweight, and 208 (73.5%) were obese. The mean age was
14.02±1.67 years and 168 (59.4%) subjects were girls. The mean body mass index standard deviation score was 2.36±0.62, The mean Children’s
Depression Inventory score was 12.72±6.5, and 47 (16.6%) of the participants were in depression. Depression was more frequently detected in
females than in males (p=0.047). Body mass index standard deviation score was in positive correlation with Children’s Depression Inventory
scores (r=0.123, p= 0.038). In univariate analyses, hyperinsulinemia was found to be 2.3 times more frequent in depressed group than in
nondepressed group (p=0.026). In logistic regression analysis this relation disappeared.
Conclusion: We showed that severity of depression increased, as the degree of obesity increased, but we could not find any clear relationship
between depression and cardiometabolic risk factors in overweight or obese adolescents.
Keywords: Adolescents, cardiometabolic risk factors, degree of obesity, depression
ÖZ
Amaç: Bu çalışmanın amacı aşırı ağırlıklı ya da şişman ergenlerde depresyon varlığının kardiyometabolik risk etmenlerini artırıp artırmadığını
incelemektir.
Yöntem: Ocak 2012 - Aralık 2015 tarihleri arasında kliniğimizde değerlendirilen, 11-18 yaş arası aşırı ağırlıklı ya da şişmanergenlerin verilerinin
geriye dönük kesitsel çözümlemesi yapıldı. Depresyon, “Çocuklar için Depresyon Ölçeği” ile değerlendirildi. Hipertansiyon, dislipidemi, hiperinsülinemi, hiperglisemi ve insülin direnci kardiyometabolik risk etmenleri olarak tanımlandı. Şişmanlık derecesi, beden kitle indeksi standart sapma
skoru olarak hesaplandı.
Bulgular: Çalışmaya alınan 283 ergenden 75'i (% 26.5) aşırı ağırlıklı, 208'i (% 73.5) şişmandı. Olguların yaş ortalaması 14.02 ± 1.67 yıldı ve 168'i
(% 59.4) kızdı. Beden kitle indeksi standart sapma skoru ortalama değeri 2.36 ± 0.62, Çocuklar için Depresyon Ölçeği ortalama puanı 12.72 ± 6.5
idi ve katılımcıların 47'sinde (% 16.6) depresyon saptandı. Depresyon sıklığı kızlarda erkeklerden daha yüksek saptandı (p = 0.047). Beden kitle
indeksi standart sapma skoru ile Çocuklar için Depresyon Ölçeği puanları arasında aynı yönlü anlamlı ilişki saptandı (r=0.123, p = 0.038). Tek
değişkenli çözümlemelerde depresyonu olanlarda hiperinsülinemi, depresyonu olmayanlara gören 2.3 kat daha sık bulundu (p = 0.026). Lojistik
regresyon çözümlemesinde bu ilişki kayboldu.
Sonuç: Şişmanlığın derecesi arttıkça depresyonun şiddetinin arttığını gösterdik, ancak aşırı ağırlıklı ya da şişman ergenlerde depresyon ve kardiyometabolik risk etmenleri arasında bir ilişki bulamadık.
Anahtar Kelimeler: Ergenler, kardiyometabolik risk etmenleri, şişmanlığın derecesi, depresyon
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INTRODUCTION
The prevalence of adolescent obesity and depression is
increasing, and these conditions are currently recognized as major public health concerns (1). According to
the data of the World Health Organization, the prevalence of overweightness and obesity increased to a
great extent from 4% in 1975 to 18% in 2016 in children
and adolescents aged between 5 and 19 years (2). It was
shown that cardio metabolic risk factors, such as hypertension, insulin resistance, and dyslipidemia are more
prevalent among children and adolescents with obesity
compared to their normal -weight peers (3). It has also
been shown that there is a strong association between
obesity and some mental health disorders such as
depression and anxiety (4,5). In overweight or obese
children and adolescents the prevalence of depression
was reported to be 10.4% in a previous study, and the
prevalence of depressive symptoms has been reported
to be 21.73% in a recent meta-analysis (5,6).
A bi-directional relationship was established between
obesity and depression in adolescents (1). It was displayed that adolescents with depression had a 70%
higher risk of becoming obese. On the other hand,
obese adolescents had a 40% greater risk of being
depressed (1). The association was found to be stronger
for the depression causing obesity compared to the
obesity causing depression (1). In a review focused specifically on shared biological pathways that may influence the bi-directional association between depression
and obesity, it was considered that genetic factors,
changes in certain homeostatic regulatory systems
(hypothalamic-pituitary-adrenal axis [HPA], immunoinflammatory activation, neuroendocrine regulators of
energy metabolism and microbiome) and brain circuits
that combine homeostatic and mood regulatory
responses, might have an impact on this relationship (4).
Insulin and dysregulation of leptin are also considered
as factors that may represent a mediating mechanism
in the obesity-depression relationship (4). Psychological
and behavioral factors may also influence this relationship. For example, disordered eating attitutes and
behaviours were found to be associated with both
depression and obesity (7,8).
The association of depression with cardiovascular risk
factors has also been widely recognized in both children and adults (9,10). A scientific statement from the
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American Heart Association indicated that major
depressive disorder and bipolar disorder were tier II
moderate risk factors for accelerated atherosclerosis
and early cardiovascular disease in young individuals
(10)
. However, young individuals with major depressive
disorder and bipolar disorder who have more than one
risk factor (obesity, hypertension, smoking, suboptimal
physical activity) should be considered tier I high-risk
group and implementation of more aggressive interventions are needed for this group (10). In the light of the
literature, the aim of this study was to examine whether the presence of depression in overweight or obese
adolescents increased the likelihood of cardiometabolic risk factors.
MATERIAL and METHODS
We obtained retrospective data from medical records
of overweight or obese adolescents aged between 11
to 18 years who attended our Medical Faculty
Adolescent outpatient clinic from January 2012 to
December 2015, in order to evaluate the association
between depression and cardiometabolic risk factors.
In our adolescent outpatient clinic, we routinely calculate the body mass index (BMI) of the patients irrespective of their admission complaints, and if we determined that the patient was overweight/obese, we
evaluated him/her for the cardiometabolic risk factors
that might be associated with obesity. The included
patients were either admitted to our clinic for weight
management or for an acute transient health problem
and were found to be overweight/obese in routine
evaluation. Between January 2012 to December 2015,
four different studies with overweight/obese adolescents were conducted in our clinic. For this study, the
cases in those four studies were retrospectively
screened and those evaluated with Children’s
Depression Inventory (CDI) were included in this study
(8,11-13)
. Pubertal patients who met the criteria for definition of overweightness/obesity established by Cole et
al. (14) according to age and gender and had been evaluated with CDI were included in this study. Patients with
any chronic disease (except for being overweight/
obese and having overweightness/obesity associated
complications such as hypertension, disordered glucose metabolism and dyslipidemia) and endogenous
obesity of any etiology (such as hypothyroidism, etc.)
were excluded from the study. Pubertal staging was
performed in accordance with the Tanner staging sys-
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tem (15). Testicular volume was evaluated using the
Prader orchidometer in boys and recorded. Telarche in
girls and a testicular volume of 4 mL in boys were considered as puberty (15). Age, gender, weight, height,
blood pressure, total cholesterol, triglyceride, HDL cholesterol, LDL cholesterol, fasting blood glucose and
insulin levels of the adolescents were recorded from
the patients’ files.

tency (Cronbach α= 0.77) (22). The participants are asked
to choose the option that is most appropriate for their
condition during the last two weeks. Each item is
scored as 0, 1 or 2 according to symptom severity. The
highest score is 54. The recommended cut-off point is
19. The subjects who scored higher than 19 in CDI,
were referred to a psychiatrist for clinical evaluation
and treatment for depression.

Weight status was classified on the basis of measured
height and weight obtained at the time of physical
examination and BMI was calculated using the following formula: BMI= weight/height2(kg/m2) (2). Patients
with BMIs between 85th-95th persentiles were accepted as overweight and BMI values above 95th percentile
as obese. (14,16) The degree of obesity was calculated as
the body mass index standard deviation score (BMISDS) by using age and gender specific to Turkish BMI
percentiles which were generated by using lambda,
mu, sigma (LMS) method, to standardize degree of
obesity (14,17). The LMS method provides a way of obtaining normalized growth centile standards which simplifies
this assessment of growth standards and summarixes
the data in terms of three smooth age- specific curves
called L (lambda), M (mu), and S (sigma) (14).

Statistical Analyses
The Statistical Package for Social Sciences (SPSS) version 21.0 statistical package was used for statistical
analyses. The data were assessed for normality using
visual and analytic methods. Continuous variables were
expressed as mean±standard deviation and categorical
variables as percentages. Correlation analysis was
planned if a cardiometabolic risk factor was found to be
associated with CDI score in univariate analysis to
evaluate whether this risk factor was also associated
with BMI-SDS. Chi-square test was used to compare
categorical variables. In the assessment of the relationship between CDI score, BMI-SDS and other cardiometabolic risk factors, Pearson’s correlation test was
used. Logistic regression analyzes were conducted to
determine the factors which were independently associated with depression. Variables with a p value <0.25
in univariate analyses were accepted as independent
variables. The enter method was used in the logistic
regression model.

Hypertension, dyslipidemia, hyperinsulinemia, hyperglycemia and insulin resistance were defined as cardiometabolic risk factors. We used standard cut-off values
for levels of fasting blood glucose (> 100 mg/dl), total
cholesterol (≥200 mg/dl), HDL cholesterol (<40 mg/dl),
LDL cholesterol (≥ 130 mg/dl) and triglycerides (≥ 130
mg/dl) to define abnormal values (18). Homeostasis
model assessment of insulin resistance was calculated
using the equation: HOMA-IR=fasting insulin (μU/mL)x
fasting glucose(mg/dL)/405 (19,20). Fasting insulin levels
above 30 μU/mL were accepted as cut-off levels for
hyperinsulinemia and the HOMA-IR cut-off point for
diagnosis of insulin resistance was accepted as 3.16
(19,20)
. Seated blood pressure (BP) was measured after
the adolescent had been resting quietly for 10 minutes
using auscultator method. We used standardized blood
pressure tables in which abnormal BP values were
defined as those above the 95th percentile (21).
Depression was evaluated by the Children’s Depression
Inventory (CDI): This inventory is comprised of 27 items
which can be applied to children aged between 6 and
17 years. Its Turkish version has a high internal consis-

RESULTS
Among 283 adolescents with a BMI at the 85th percentile or higher; 75 (26.5%) were overweight, and 208
(73.5%) were obese. The mean age was 14.02±1.67
years and 168 (59.4%) of the subjects were girls. The
mean BMI value was found to be 30.13±3.71 kg/m2 and
the mean BMI-SDS value was 2.36±0.62 kg/m2. The
mean CDI score was 12.72±6.5, and 47 (16.6%) of the
parcipitans had CDI scores higher than 19.
The depression frequency was found to be higher in
females compared to males (p=0.047). Depression was
observed in 20.2% of overweight and obese female,
and in 11.3%. of male adolescents. It was determined
that being female increased the risk of depression 1.9
times among overweight and obese adolescents (Table
1). Any significant difference was not found in depres387
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Table 1. Differences in gender, body mass indexes and cardiometabolic risk factors between depressed and nondepressed groups.
Variables

CDI scores
<19

Gender

BMI (kg/m2)

n

%

n

%

Female

134

79.8

34

20.2

Male

102

88,7

13

11.3

Overweight

66

88

9

12

Obese

170

81.7

38

18.3

Hypertension (mm/hg)

Yes

51

85

9

15

No

182

83.1

37

16.9

Total cholesterol (mg/dl)

High

195

81.9

43

18.1

Normal

32

88.9

4

11.1

Low

184

83.3

37

16.7

Normal

46

82.1

10

17.9

High

206

82.7

43

17.3

HDL- cholesterol (mg/dl)

LDL- cholesterol (mg/dl)

Triglyceride (mg/dl)

Fasting blood glucose (mg/dl)

Insulin (μU/mL)

HOMA-IR

P value*

Odds ratios (OR)

95% confidence intervals

Lower

Upper

0.047

1.991

0.999

3.965

0.211

1.639

0.751

1.916

0.726

0.868

0.393

1.916

0.302

0.567

0.190

2.334

0.843

1.081

0.501

2.334

0.311

0.532

0.154

1.834

0.481

0.762

0.357

1.625

0.589

1.262

0.542

2.938

0.026

2.33

1.091

4.982

0.807

1.087

0.556

2.126

≥19

Normal

27

90

3

10

High

172

82.3

37

17.7

Normal

61

85.9

10

14.1

High

33

80.5

8

19.5

Normal

203

83.9

39

16.1

High

30

71.4

12

28.6

Normal

204

85.4

35

14.6

High

155

82.9

32

17.1

Normal

79

84

15

16

*chi-square test, CDI: Children’s depression inventory, HOMA-IR: homeostatic model assessment of insulin resistance ,BMI: body mass index

sion frequency between overweight and obese groups.
The frequency of hypertension, dyslipidemia and insulin resistance was not significantly different between
depressed and nondepressed groups. Hyperinsulinemia
was found to be more frequent in the depressed group
compared to the nondepressed group (p=0.026).
Among overweight and obese adolescents with and
without hyperinsulinemia, the rates of depression were
28.6%, and 14.6%. , respectively.The frequency of
hyperinsulinemia was found to be 2.3 times higher in
patients with depression compared to those without
(Table 1).
Using Pearson’s correlation test, the BMI-SDS had positive correlation with CDI scores and insulin levels (r, p=
0.123, 0.038; 0.341, and 0.0001, respectively). The correlations between CDI scores and BMI-SDS and cardiometabolic risk factors are given in Table 2.
In logistic regression analysis, no factors were found to
be independently associated with depression (Table 3).
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Table 2.Relationship between depression scores, degree of obesity and cardiometabolic risk factors (Pearson’s correlation test).
CDI scores

Whole group

Female

Male

r

p

r

p

r

p

Age

.047

.431

.049

.530

.027

.773

SDS-BMI

.123

.038

.108

.165

.050

.596

SBP(mmHg)

-.095

.112

-.060

.445

-.113

.231

DBP(mmHg)

.031

.610

.045

.570

.039

.683

Total cholesterol
(mg/dl)

-.061

.314

-.090

.253

-.050

.606

HDL- cholesterol
(mg/dl)

-.069

.251

-.050

.526

-.160

.091

LDL- cholesterol
(mg/dl)

-.009

.875

.003

.966

-.034

.717

Triglyceride (mg/dl)

-.058

.336

-.030

.701

-.103

.276

Fasting blood glucose
(mg/dl)

-.044

.462

-.049

.531

-.023

.808

.103

.084

.083

.286

.140

.080

.112

.286

.078

.409

Insulin (μU/mL)
HOMA-IR

.105

CDI: Children’s depression inventory
DBP: diastolic blood pressure
HOMA-IR: homeostatic model assessment of insulin resistance

SDS-BMI: body mass index standard
deviation
SBP: systolic blood pressure
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Table 3. Associations between depression and gender, obesity
and hyperinsulinemia (depression was the dependent variable
in logistic regression analysis).
Variables

Beta

Significance

Odds
ratios

95% confidence
intervals
Lower

Upper

Female

0.700

0.051

2.014

0.996

4.074

Obesity

0.454

0.276

1.575

0.696

3.560

Hyperinsulinemia

0.651

0.108

1.918

0.867

4.242

Gender (1=male vs 2=female), degree of obesity (1=overweight vs 2=obese)
and hyperinsulinemia (no=0 vs yes=1) were the independently associated
variables with depression

DISCUSSION
In our study, we found that the severity of depression
increased, as the degree of obesity increased, and the
frequency of depression was 16.6% in overweight or
obese Turkish adolescents. Similar to our results, it was
shown that higher BMI levels were associated with
depressive symptoms in young individuals and this
association was shown to be mediated by body image
perception in one study (23). Also in another study, it was
found that depression was associated with more severe
obesity in young individuals who were seeking treatment for obesity (24). In a recent review, it has been
reported that the prevalence of depression in obese
children and adolescents was found to range between
1.8% and 63.7% in different studies, and the overall
prevalence of depression among obese children and
adolescents was 10.4% (6). In our study, the frequency
of depression was found to be higher in female adolescents compared to male adolescents. However, it cannot be concluded that female gender increases the
frequency of depression to a greater extent compared
to overweight or obese male adolescents, though we
found a p value of <0.05, because the confidence interval included 1. This result may be related to the small
sample size of our study. In the literature, there are
some studies indicating that obes female adolescents
were more likely to develop depression compared to
their male counterparts (1,25,26). This condition may be
related to the complex developmental processes that
female adolescents confront during puberty (1,27).
In the literature, it was shown that there is a relation-

ship between depression and obesity (4-8). Both depression and obesity were reported to be associated with
an increase in cardiometabolic risk factors both in adolescents and adults (3,9,10). Plausible biological mechanisms exist between depression and cardiometabolic
risk factors, however, these mechansims are still not
well understood. In some studies, it was suggested that
alterations in the HPA axis might play an important role
in the pathophysiology of depression and cardiometabolic disease and most of the studies in this topic evaluated adults (4,28-30). A large percentage of subjects with
depression have autonomic imbalance which is characterized by increased sympathetic activation and abnormal HPA activity (4,28). Moreover, activation of the HPA
axis leads to increased secretion of corticotrophinreleasing factor which results in excess cortisol secretion (30,31). Cortisol is known to be a counter-regulatory
hormone which is associated with type 2 diabetes,
insulin resistance, dyslipidemia, and hypertension (29,30).
As cortisol levels were not evaluated in our study, we
cannot draw conclusion about the effects of cortisol
level on cardiometabolic risk factors in depressed adolescents.
In this study, in univariate analysis hyperinsulinemia
was found to be more frequent in the depressed group
compared to the nondepressed group. However, in
logistic regression analysis, this relationship disappeared. When we analyzed the relationships between
CDI scores, insulin levels and BMI-SDS by using Pearson’s
correlation test, and we found that there were significant correlations between the CDI scores, insulin levels
and BMI-SDS. For this reason, hyperinsulinemia was
considered an outcome of obesity rather than depression. Gross et al. (9) demonstrated that depression was
associated with HDL-cholesterol, triglycerides, and
metabolic syndrome cluster score in children and adolescents aged between 8 and 18 years across a wide
range of BMIs (normal weight to severe obesity).
However, these relationships were not significant when
body fat percentage was controlled. In that study, it was
interpreted that the correlation between depression
and cardiovascular disease risk factors might be emerging at least during childhood, but excess adiposity
rather than depression might play a greater role in
exacerbating the risk (9). Our results might be speculated to support Gross et al.’s (9) study, as the association
between depression and hyperinsulinemia was not
significant after controlling for degree of obesity in
389
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logistic regression analysis.
We examined a range of cardiometabolic risk factors in
this study; however, our study has certain methodologic limitations. Firstly, the cross-sectional retrospective design did not allow us to examine the causes of
depression and the effects of depression on future
health of the participants. Secondly, there may be
other factors including family background (single or
separated parents, siblings, socio-economic status),
sleep disorders, tobacco use, disordered eating attitudes, inadequate physical activity that were not examined in this study (10,32,33). Thirdly, depression was
assessed by self-reports of the study participants only,
so the diagnosis of depression might be under/overdiagnosed.
In conclusion, adolescents with both depression and
obesity might have a greater risk for future morbidity
and mortality compared to adolescents who are only
depressed or only obese. However the relationship
between depression and cardiometabolic risk factors in
overweight or obese adolescents remain elusive.
Therefore, all adolescents should be screened for both
obesity and mood disorders periodically, and especially
overweight or obese adolescents should be followed
up closely in terms of depression.
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