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A R T I C L E

BACKGROUND : Depressive disorder (DD) is associated with an increased risk
of type 2 diabetes mellitus (DM2) and cardiovascular disease (CVD). It was
suggested, that metabolic syndrome (MetS), cluster of metabolic and hormonal
changes, such as insulin resistence (IR), abdominal obesity, dyslipidemia, arterial
hypertension and elevated fasting glycaemia, could stand behind the connection.
Recent findings have shown, that adipocytokines leptin and adiponectin might
play a role in both depression and MetS.
AIM : The aim of this pilot study was to observe the plasma concentrations of
leptin, adiponectin, leptin-to-adiponectin ratio and indices of IR in women with
depressive disorder.
MATERIALS AND METHODS: The plasma leptin, adiponectin, parameters of lipid
and glucose homeostasis and indices of IR were investigated in a group of 38
women with DD. The results were compared with those of 38 healthy women of
the control group, matched for age.
RESULTS : Depressive women differed significantly from the controls in higher
concentrations of plasma leptin (p <0.05), insulin (p <0.01), C-peptide (p <0.01),
value of HOMA-IR (p <0.01), and the leptin-to-adiponectin ratio (p <0.05).The
QUICKI index of insulin sensitivity was lower (p <0.01). HAM-D score of DD
cases correlated negatively with adiponectin (r = – 0.3505; p < 0.05), independently of HOMA-IR. We have not found in DD group any differences between
the drug free patients and those treated either with escitaloprame alone or in the
combination with mirtazapine.
CONCLUSIONS : The results of the pilot study presented support the hypothesis
that at least part of DD cases has increased leptin serum levels and certain features
of MetS. It could be the factor connecting depression with an increased risk of
either DM2 or CVD.
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Abbreviations:
AMP
– adenosine monophosphate
AMPK
– AMP-activated protein kinase
CNS
– central nervous system
CRP
– C reactive protein
DD
– depressive disorder
DM2
– type 2 diabetes mellitus
GABAA
– gamma-aminobutyric acid receptor type A
HAM-D
– Hamilton Depression Rating Scale
HDL
– high-density lipoprotein
HPA-axis – hypothalamic-pituitary-adrenal axis
IR
– insulin resistence
LTP
– long-term potentiation
MetS
– metabolic syndrome
NGT
– normal glucose tolerance
NMDA
– N-methyl D-aspartate
PCOS
– polycystic ovary syndrome
PTA
– phosphotungstic acid
QUICKI
– quantitative insulin-sensitivity check index
TG
– triglycerides
TNFalpha – tumor necrosis factor alpha
WHO
– World Health Organization

Introduction
Nowadays, there is an increasing incidence of depressive disorder. In the National Comorbidity Replication
Survey, based on DSM-IV (Diagnostic and Statistical
Manual of Mental Disorders) criteria for the lifetime
prevalence rate of major depressive disorder (MDD) was
16.2% (Kessler et al. 2003). In Finland the prevalence of
MDD is approximately 5% (Pirkola et al. 2005), and in
the Netherlands Mental Health Survey and Incidence
Study (Cuijpers et al. 2007) 7.5% respondents met the
criteria for minor DSM-IV depression in the previous
year. According to Czech Health Statistics Yearbook,
168 new cases of affective disorders to 100 000 inhabitants were noticed in Czech Republic in 2006, the incidence was 2 times higher in women than in men. (Czech
Health Statistics Yearbook 2007, ÚZIS, Prague 2008).
Depressive disorder is not only a psychiatric problem
but it is associated with an increased risk of type 2 diabetes mellitus (DM2) (Musselman et al. 2003) and both
cardiovascular and all-cause mortality (Muselman et al.
1998, Wulsin et al. 1999).
Recently it was suggested that metabolic syndrome
(MetS) is one possible connection between depressive
disorder and cardiovascular diseases (Chrousos, 2000,
Kinder et al. 2004). MetS is a cluster of metabolic and
hormonal changes, such as abdominal obesity, hypertriglyceridemia, low high-density lipoprotein (HDL)
cholesterol, arterial hypertension, elevated fasting glycaemia but also subclinical inflammation, pro-coagulation state or increased oxidative stress (Eckel et al. 2005).
Insulin resistance and visceral fat accumulation are
supposed to be key players in MetS (Eckel et al. 2005).
Increasing attention is now being payed to functioning
of adipocytokines leptin and adiponectin, which are
associated with mechanisms connecting visceral obesity to complications of MetS (e.g. oxidative stress or
inflammation) (Lau et al. 2005, Han et al. 2007).
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The association between depressive disorder and
MetS was described in the study with male twins
(McCaffery 2003). In the NHANES III study (Third
National Health and Nutrition Examination Survey)
women with history of depressive episode were more
than twice likely to have MetS compared to women with
no history of depressive episode (Kinder et al. 2004).
Several factors take part in the pathogenesis of
depressive disorder, such as dysfunction of serotonergic,
noradrenergic and dopaminergic neurotransmission
(Hindmarch 2002, Malhi et al. 2005), abnormal regulation in the hypothalamic-pituitary-adrenal axis (HPA)
(Brown et al. 2004) or disturbance of cellular plasticity,
including reduced neurogenesis (Kempermann & Kronenberg, 2003, Fišar & Raboch, 2008). The significance
of action of the increased oxidative stress and chronic
inflammation-induced neurodegeneration in the
pathogenesis of depressive disorder are also being studied (Smith 1991). Depression is a heterogenous disorder and several subtypes with different mechanisms can
be distinguished. Changes of appetite and body weight
belong to the main symptoms of depression (Nelson &
Charney, 1981). In the regulation of both energy intake
and expenditure, adipocytokines leptin and adiponectin
play a significant role (Zhang et al. 1994, Kubota et al.
2007). Leptin, the product of the Ob gene, is produced
mainly by adipocytes, circulates in the plasma proportionally to the volume of body fat and acts centrally in
the hypothalamus to suppress appetite and increase
energy expenditure (Minokoshi et al. 2004). After binding to specific receptors (Ob-R) in the hypothalamus it
reduces activity of the enzyme AMP-activated protein
kinase (AMPK) which leads to the supression of the
neuropeptide Y (NPY) and agouti-related protein, with
subsequent inhibition of appetite (Bates & Myers, Jr.,
2003, Minokoshi et al. 2004). Recently, it was suggested
that adiponectin, contrary to leptin, after binding to
its receptors in the hypothalamus, activates AMPK,
increases appetite and induces feeding (Yamauchi et al.
2001, Kubota et al. 2007).
Leptin has also plenty of important peripheral
effects. It increases the fatty acid oxidation in skeletal
muscle by activation of AMPK, decreases intramyocellular triglyceride content and increases insulin sensitivity (Havel, 2004). Leptin has angiogenic activity, causes
increased oxidative stress in endothelial cells, promotes
vascular smooth muscle cell migration and proliferation, decreases arterial distensibility and contributes to
obesity-associated hypertension (Bouloumie et al. 1999,
Dubey & Hesong, 2006). Leptin also causes increased
oxidative stress in endothelial cells, promotes calcification of the vascular wall and facilitates thrombosis by
increasing platelet aggregation (Parhami et al. 2001,
Konstantinides et al. 2001). Adiponectin, similarly to
leptin, decreases gluconeogenesis in liver, increases
metabolism of glucose and fat in muscle. Its plasma concentrations are negatively associated with obesity and
insulin resistance (Hotta et al. 2000, Weyer et al. 2001)
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and low levels of adiponectin can predict the future
risk of developing type 2 diabetes (Spranger et al. 2003)
Besides its insulin-sensitizing effects, adiponectin has
also anti-atherogenic and anti-inflammatory properties
(Hotta et al. 2000, Weyer et al. 2001).
It was suggested that in the central nervous system
(CNS) leptin functions as more than just an adiposity
signal, but it is a multifaceted hormone, influencing
plenty of CNS functions (Harvey, 2003). Its effects in
the hippocampus are supposed to influence the proccesses of learning and memory (Harvey, 2007).
Not many studies have been accomplished to deal
with the relationships of serum leptin and adiponectin
to depressive disorder and the results were inconsistent.
With regard to leptin, it was found that serum leptin
concentration was decreased in DD (Kraus et al. 1999),
increased (Gecici et al. 2005), or not changed (Deuschle
et al. 1996, Kaufmann et al. 2005). In one study were
shown plasma adiponectin concentrations decreased in
major depression patients and adiponectinemia reduction was related to major depression severity (Leo et al.
2006) but others (Mamalakis et al. 2006) did not find
any association of adiponectin with depression.

Material and methods
Patients

We have investigated 38 women suffering from DD, age
59.2 ±16.4 years, body mass index (BMI) 26.1 ± 4.6 kg/
m2, who were recruited from the consecutive outpatients of the Psychiatric Department of 1st Faculty of
Medicine of Charles University in Prague (from May
2006 to May 2008). DD was diagnosed based on criteria specified in the DSM-IV (American Psychiatric
Association,1994). All patients were evaluated using
Hamilton Depression Rating Scale (HAM-D). The control group consisted of 38 healthy women (medical staff
of the 1st Faculty of Medicine), age 57.8 ± 17.0 years,
BMI 25.2 ± 3.5 kg/m2. Basic clinic and anthropometric
parameters of the groups studied are shown in Table
1. The waist circumference was measured according to
the WHO recommendation: midway between the upper
iliac crest and the lower rib. Subjects were excluded if
they had a history of diabetes mellitus (DM), cardiovascular and cerebrovascular disease, hepatic and/
or renal disease, hypothyroidism, malignancies, macroalbuminuria (proteinuria higher than 300 mg/day),
excessive alcohol consumption (> 30 g/day), or were
being treated with antihyperlipidemic medications, or
supplemented by vitamins, polyunsaturated fatty acids
and/or antioxidants.
Eleven depressive women were treated with escitalopram in a daily dose 10 mg (subgroup C), the combination of escitalopram in a daily dose 10 mg plus
mirtazapine 30 mg daily was used by fourteen women
(subgroup CM). Two women were treated with venlafaxine 150 mg/day, one with combination of venlafaxine 150 mg/day and mirtazapine 30 mg/day, two with

Table 1: Basic clinical chacteristics of the studied groups
Parameter

Depressive
disorder
(n = 38)

Controls
(n = 38)

Statistical
significance 2

Age (years)

59.2 ± 16.4 1

57.8 ± 17.0

NS

Weight (kg)

71.0 ± 12.9

68.7 ± 6.1

NS

BMI (kg/m2)

26.4 ± 4.6

25.2 ± 3.5

NS

Waist circum
ference (cm)

86.1 ± 13.8

83.4 ± 10.4

NS

Systolic blood
pressure (mmHg)

126.0 ± 16.6

129.1 ± 11.3

NS

Diastolic blood
pressure (mmHg)

77.0 ± 9.3

79.2 ± 5.7

NS

4/38

4/38

NS§

Smokers
(number/total)
1 Average

± SD; 2 Student´s t-test;

§

Pearson‘s χ2 test

sertraline 100 mg/day plus trazodon 150 mg/day, two
with sertraline 100 mg/day plus mirtazapine 30 mg/day,
six depressive women were drug free in the time of the
investigation (subgroup DF).
The study protocol was approved by the Joint Ethical
Committee of the General Teaching Hospital and the
1st Faculty of Medicine of Charles University in Prague.
Every proband gave his informed consent to participate
in the study.

Laboratory procedures

Blood samples were collected after overnight fasting.
Concentrations of total cholesterol (TC), triglycerides
(TG), uric acid, and glucose were assessed by enzymatic-colorimetric methods, HDL-C in supernatant after
precipitation of lipoproteins-B with PTA (phosphotungstic acid) /Mg2+. Concentrations of apolipoproteins
(apo) were measured by the Laurell rocket electroimmunoassay, using standards and specific antibodies
[apo B, apo A-I (Behring Werke, Marburg, Germany)].
Microalbuminuria was analyzed by the laser nephelometry method (Image MA reagent kit, Beckman Coulter, USA). Immunoreactive insulin was determined by
the RIA method using double monoclonal antibodies
(Insulin IRMA, Imunotech Praha, CR). Concentrations
of C-peptide were determined by chemiluminiscence
method ECLIA (Roche Diagnostics GmbH, Mannheim,
FRG). Serum adiponectin and leptin were determined
using the RIA method (LINCO Res., Mo., USA). Indices of insulin resistance were calculated according to
the homeostasis model assessment of insulin resistance
(HOMA-IR) (Matthews et al. 1985) and Quantitative
Insulin Sensitivity Check Index (QUICKI) (Katz et al.
2000).
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Table 2: Metabolic parameters of the studied groups
Depressive
disorder
(n = 38)

Controls
(n = 38)

Statistical
significance 2

Total cholesterol
(mmol/l)

5.74 ± 1.33

5.80 ± 0.80

NS

Triglycerides
(mmol/l)

1.60 ±1.06

1.19 ± 0.28

0.05

HDL-cholesterol
(mmol/l)

1.54 ± 0.52

1.67 ± 0.42

NS

LDL-cholesterol
(mmol/l)

3.49 ±1.30

3.41 ± 0.92

NS

Apolipoprotein A-I
(g/l)

1.45 ± 0.35

1.39 ± 0.16

NS

Apolipoprotein
B (g/l)

1.10 ± 0.34

1.03 ± 0.23

NS

Uric acid
(µmol/l)

274.1 ± 83.1

259.8 ± 66.2

NS

f-Glucose
(mmol/l)

5.33 ± 1.11

4.70 ± 0.31

NS

f-Insulin
(µU/ml)

13.38 ± 8.0

7.8 ± 3.8

0.01

C-peptide
(pmol/l)

0.84 ± 0.31

0.66 ± 0.19

0.01

Leptin
(µg/l)

21.80 ± 13.28

14.12 ± 6.25

0.05

Adiponectin
(mg/l)

13.07 ± 6.43

14.98 ± 4.88

NS

NEFA
(mmol/l)

0.66 ± 0.31

0.56 ± 0.19

NS

hsCRP
(mg/l)

6.61 ± 8.30

4.56 ± 3.25

NS

12.65 ± 10.18

4.49 ± 3.07

0.05

3.22 ± 3.44

1.69 ± 0.87

0.01

0.341 ± 0.042

0.365 ± 0.031

0.01

1.80 ± 1.12

1.04 ± 0.72

0.05

Parameter

Microalbuminuria
(mg/l)
HOMA-IR
QUICKI
Leptin to adipo
nectin ratio

1 Average ± SD; 2 Student’s t-test; NEFA= non-esterified fatty acids;
hsCRP= highly sensitive C-reactive protein;
HOMA-IR = homeostasis model assessment for insulin resistance =
f-insulin (µUI/ml) × f-glucose (mmol/l)/22.5;
QUICKI = quantitative insulin-sensitivity check index = 1/[(log(I0) +
log(G0)], where I0 is the fasting plasma insulin level (microunits per
ml), and G0 is the fasting blood glucose level (milligrams per dl)

Statistical methods

All data were processed and statistical analyses performed in the statistical environment STATISTICA CZ
ver 7.1 (StatSoft Inc., Tulsa, U.S.A.). Continuous data
are summarized as mean and standard deviations. Student t-test and Bonferroni correction of significance
levels were used to compare the mean values of nominal
parameters. For small samples Kruskall-Wallis test was
performed. The variables without normal distributions
(adiponectin, leptin) were log-transformed. Pearson
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χ2-test was employed in testing the differences of the
categorical data. For the correlation analysis Pearson’s
correlation test was used. The statistical significance
was defined as p < 0.05.

Results
No significant differences of BMI, waist circumference or both systolic and diastolic blood pressure were
observed between the DD and controls (Table 1). The
concentrations of plasma lipids, apolipoproteins, glucose, uric acid, C-reactive protein, microalbuminuria,
leptin, adiponectin, leptin to adiponectin ratio and
indices of glucose homeostasis are shown in Table
2. Women of the DD group differed from those of
the control group in higher concentrations of plasma
TG, insulin, C-peptide, microalbuminuria, leptin, the
ratio leptin to adiponectin and in the higher value of
the HOMA-IR index. On the other hand, the QUICKI
index of insulin sensitivity was decreased.
Values of parameters of glucose and lipid metabolism, as well as concentrations of leptin and adiponectin
were compared between the drug free patients and the
two main treated groups (escitalopram alone or in the
combination with mirtazapine), and we did not find
statistically significant differences (Table 3).
We only found the following significant correlations
in the whole group of investigated probands (expressed
as Pearson’s correlation coefficients) between serum
leptin, adiponectin, leptin to adiponectin ratio on the
one hand and parameters relating to MetS on the other
hand (Table 4): adiponectin correlated positively with
HDL-C (r =.3807, p < 0.01), QUICKI (r =.2911, p <
0.01) and negatively with BMI (r = –.2957, p < 0.01),
insulin ( r= –.2138, p < 0.05), C-peptide ( r= –.3232, p <
0.01), TG (r = –.2127, p < 0.05), HOMA-IR (r = –.2162,
p < 0.05) and uric acid (r = –.3054, p < 0.01). Leptin correlated positively with BMI (r =.3170, p < 0.01), insulin
(r=.2707, p < 0.01), C-peptide (r=.3259, p < 0.01), and
HOMA-IR (r =.2116, p < 0.05) and negatively with
QUICKI (r= –.2891, p < 0.01). The ratio leptin to adiponectin correlated positively with BMI (r =.4829, p <
0.01), insulin (r =.3156, p < 0.01), C-peptide (r=.4193,
p < 0.01) and HOMA-IR (r =.2631, p < 0.05) and negatively with HDL-C (r= –.2558, p < 0.05), QUICKI (r
= –.4790, p < 0.01). When we have calculated the correlations between the values provided by HAM-D and
parameters relating to MetS, we have found only significant negative correlation with adiponectin (r = –.3505,
p < 0.05), which still remained significant after the
adjustment to HOMA-IR.

Discussion
The most important finding of the study was significantly increased serum concentration of leptin and
the increased ratio leptin to adiponectin in depressive
women in comparison with the control group of appar-
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Table 3: Basic investigated parameters according to treatment modality
Parameter

Group DF
(n=6)

Group C
(n=11)

Group CM
(n=14)

Statistical
significance 2

Age (years)

55.9 ±11.4 1

60.2± 19.9

62.1 ± 15.8

NS

26.7 ± 5.30

26.3 ± 6.43

26.1 ± 4.61

NS

BMI

(kg/m2)

Waist (cm)

85.1 ± 12.2

87.3 ± 15.3

87.8 ± 12.4

NS

TC (mmol/l)

6.27 ± 1.84

5.63 ± 1.71

5.69 ± 0.90

NS

TG (mmol/l)

2.23 ± 2,03

1.59 ± 0.93

1.29 ± 0.58

NS

HDL-C (mmol/l)

1.65± 0.39

1.38 ± 0.45

1.69 ± 0.74

NS

f-Glucose (mmol/l)

4.82 ± 0,84

5.59 ± 1.46

4.85 ± 0.86

NS

f-Insulin (µU/ml)

11.94 ± 4.76

13.88 ± 10.97

12.05 ± 5.59

NS

C-peptid (pmol/l)

0.79 ± 0.39

0.97 ± 0.36

0.78 ± 0.27

NS

Leptin (µg/l)

20.15 ± 6.23

19.69 ± 11.00

23.63 ± 19.47

NS

Adiponectin (mg/l)

11.43 ± 3.36

14.59 ± 6.45

16.16 ± 8.21

NS

HOMA-IR

2.48 ± 1.15

3.54 ± 6.05

2.50 ± 1.04

NS

0.344 ± 0.024

0.330 ± 0.038

0.346 ± 0.027

NS

1.88 ± 1.03

1.59 ± 0.96

1.69 ± 1.17

NS

QUICKI
Leptin to adiponectin ratio
1 Average

± SD; 2 Kruskall-Wallis test; DF = patients drug-free in the time of examination ; C = escitalopram 10 mg daily;
CM = escitalopram 10 mg daily + mirtazapine 30 mg daily; TC = total plasma cholesterol; TG = triglycerides;
HOMA-IR = homeostasis model assessment for insulin resistance; QUICKI = quantitative insulin-sensitivity check index

ently healthy women. The increased values of fasting
insulin, C-peptide, TG and index of insulin resistance
(HOMA-IR) as well as decreased value of index of insulin sensitivity (QUICKI) in depressive women were
another important findings of this study. Moreover, the
adiponectin concentrations have significantly negatively correlated with severity of depression, assessed
by HAM-D, independently of HOMA-IR.
Data from literature concerning serum leptin concentrations in the depressive disorder are ambiguous.
Gecici et al.(1996) have found increased serum leptin
in patients suffering from atypical depression, while no
differences were observed between the leptin concentrations in persons with non-atypical depression and
controls. On the other hand, Kraus et al. (2001) have
described lower serum leptin concentrations in both
men and women with depression. In another study
(Deuschle et al. 1996) it was found that leptin plasma
concentrations did not differ between depressed
patients and healthy controls. However, in this study
leptin was positively associated with female gender,
body mass index (BMI) and fasting insulin.
The significance of the finding of increased leptin in
depressive women cannot be simply explained. It was
recently suggested based on the results of experimental works that leptin can act as an antidepressant and
that the hippocampus might be a target site for leptin´s
mood-promoting action (Lu et al. 2006). Leptin influences hippocampal learning and memory processes by
enhancing NMDA receptor function and by facilitating
hippocampal long-term potentiation (LTP) and modulates function of postsynaptic Ca2+-activated K+ (BK)

Table 4: Pearson´s correlation coefficients between leptin,
adiponectin, leptin to adiponectin ratio and selected parameters
related to MetS in the whole investigated population
Parameter

Leptin

Adiponectin

L/A ratio

BMI

0.3170++

0.2957++

0.4829++

TG

0.0194

0.2127+

0.1290

HDL–C

– 0.0726

0.3807++

– 0.4721++

Insulin

0.2707+

0.2138+

0.3156++

C–peptide

0.3259++

0.3232++

0.4193++

HOMA–IR

0.2116+

– 0.2162+

0.2631+

– 0.2891++

0.2911++

– 0.4721++

0.0709

0.3054++

0.0695

QUICKI
Uric acid

L/A = leptin to adiponectin ;

+

p < 0.05;

++

p < 0.01

channels that play a role in neuronal excitability, and
also in fast inhibitory synaptic transmission modulated
by GABAA receptors (Harvey et al. 2007). Recently, the
conception of central leptin insufficiency was suggested
to explain some metabolic disturbances, connected
with hyperleptinemia (Kalra et al. 2008). According to
this conception, hyperleptinemia, accompanying for
instance aging or consuming energy-rich diet, leads to
the leptin resistance, attended by the decrease of leptin
transport accross the blood-brain barrier, decreased
leptin levels in the cerebrospinal fluid and decreased
functioning of leptin in the brain. It causes several metabolic consequences, such as decreased restraint of the
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insulin synthesis in the pancreas and hyperinsulinemia,
decreased glucose metabolism in peripheral organs and
decreased energy expenditure (Kalra et al. 2008). It is
possible that the leptin insufficiency in the brain could
also take part in the processes affecting the cognitive
disturbances and mood variations at least in a subpopulation of the depressive patients (Lu, 2007).
Another feasible mechanism of the leptin functioning in the pathogenesis of depression is a possible interaction between leptin and the serotonergic system as it
was found that leptin treatment could regionally downregulate serotonin transporter binding sites in the brain
(Charnay et al. 2000).
On the other hand, increased serum leptin in depressive patients could be induced by functioning of the
inflammatory cytokines, as e.g. TNFalpha increases
leptin, and decreases adiponectin concentrations (Bastard et al. 2006). However, in this work CRP concentration in depressive women was slightly increased, but the
difference in comparison with the control group did not
reach the statistical significance.
The relation of adiponectin to depression is not
yet clear. Leo et al. (2006) have found in the patients
with the first episode of depression without any signs
of the cardiovascular disease significantly decreased
concentrations of adiponectin in comparison with the
healthy persons. Moreover, adiponectin concentrations
correlated negatively with the severity of depression,
similarly as in our work. In the study of Narita et al.
(2006), the antidepressant therapy led to improvement
of adiponectin levels in patients with major depression.
In another study (Pan et al. 2008) depressive symptoms
were not associated with increased mean levels of any
other inflammatory factors or adipokines in the unadjusted or adjusted analyses. Concentration of plasma
adiponectin was significantly decreased in patients with
bipolar disorder (Hung et al. 2007). Adiponectin circulates in serum as three oligomeric complexes known
as the high, medium and low molecular weight form
(HMW, MMW and LMW), and in the work of Narita et
al. (2008) the ratio of HMW to total adiponectin or to
LMW, not the absolute amount of plasma adiponectin,
was negatively associated with depression severity in
healthy elderly subjects without metabolic syndrome.
In this pilot study, we have found the significant
increase of the leptin to adiponectin ratio in depressive women compared to healthy controls. To our
knowledge, it is the first finding of the altered leptin
to adiponectin ratio in depressive disorder. It could be
another common feature of both depression and MetS.
The ratio of leptin-to-adiponectin has been suggested to
be an indicator of insulin resistance in subjects without
hyperglycemia (Inoue et al. 2006) and it was also found
to be powerful independent predictor of preclinical
atherosclerosis in healthy subjects (Norata et al. 2007).
In another work (Xita et al. 2007), the adiponectin-toleptin ratio could serve as a biomarker of both insulin
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resistance and low-grade inflammation in women with
polycystic ovary syndrome (PCOS).
We have also found increased both fasting insulinaemia, C-peptide levels and HOMA-IR indices in depressive women in comparison with the healthy controls. In
non-diabetics, increased fasting insulinemia in persons
with either normal or impaired glucose tolerance can
be used as a marker of insulin resistance (Vanhala et
al. 1997). Insulin resistance (IR) is frequently (Winokur
et al. 1988, Okamura et al. 2000, Rasgon et al. 2005a),
though not always (Lawlor et al. 2003), found in patients
with the depressive disorder. Recently, it was published
(Hung et al. 2007), that in the patients with either major
depressive disorder (MDD) or bipolar depression (BD)
insulin sensitivity was significantly decreased in comparison with the controls and persons with the reactive depression, as well. Moreover, insulin sensitivity
significantly negatively correlated with HAM-D score
both in MD and BD patients and plasma adiponectin
was significantly decreased in the BD group. In the last
years, several studies were published, referring to possible relevance of the IR in the pathogenesis of depressive
disorder. In one study depressive patients with normal
glucose tolerance (NGT) were characterized by significantly higher HOMA-IR indices in comparison with
healthy persons with NGT (Chiba et al. 2000). Rasgon
et al. (2005b) have found increased values of HOMA-IR
in majority still untreated patients suffering from the
unipolar depression. In another study Okamura et al.
(2000) have evaluated insulin sensitivity in depression
by using minimal model and found that the depressive
patients have both hyperinsulinemia and decreased
insulin sensitivity and that these changes eased off
during the treatment. Lee et al. (2005) have described
that depressive mood was independently associated
with visceral adipose tissue size, another component of
metabolic syndrome. Depression, dietary disinhibition
and stress have been found to be associated with accumulation of abdominal fat which may again cause disturbances in hypothalamo-pituitary-adrenal function,
while antidepressant treatment might interrupt the
vicious cycle (Hainer et al. 2006). Different antidepressants can influence insulin sensitivity of tissues by different way. Treatment with the tricyclic antidepresants
can increase the IR (Gupta et al. 1992, Chadwick et al.
2007), whereas selective serotonin-reuptake inhibitors,
SSRI were described to decrease IR (Okamura et al.
2000). In the presented work we were not able to detect
any significant difference in the lipids, glucose homeostasis parameters and both leptin and adiponectin levels
when comparing the group of untreated depressive
women with the group treated with escitalopram alone
or in combination with mirtazapine. However, this finding should be interpreted with caution due to the limited
number of probands and relatively short duration of the
treatment (median seven days). Mirtazapine is a novel
antidepressant increasing both serotonergic and noradrenergic neurotransmissions and concurrently block-
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ing 5HT2 a 5HT3 receptors, thus limiting undesirable
effects of SSRI (serotonin syndrome symptoms). Treatment with mirtazapine can cause body weight increase,
but unfavourable changes of glucose homeostasis were
not noticed (Laimer et al. 2006). Significant influencing
of the glucose metabolism and insulin sensitivity was
not described during escitaloprame treatment (McIntyre et al. 2006, Baldwin et al. 2007).
Functioning of IR in the pathogenesis of depression is not clear. At least in part of the depression
cases the activation of sympatoadrenal system can be
demonstrated accompanying with the increased glucocorticoids level in serum, which can contribute to
IR, DM2 and CVD development (Rasgon et al. 2005a).
Hypercortisolemia is toxic for hippocampus and causes
its atrophy, which was in magnetic resonance imaging
studies seen in DM2 (Den Heijer et al. 2003) or depression (Sheline et al. 1996), but diminshed hippocampus
volume was described also in not demented, non-diabetic persons with only impaired glucose tolerance
(Convit et al. 1997).					
In this study no differences in the parameters investigated were seen between the drug free depressive
women or those treated with or escitalopram alone or
in the combination with mirtazapine. There are only
few data published about the influence of antidepressant treatment on leptin or adiponectine serum levels.
In the experimental study with lean or obese Zucker rats
fluoxetin decreased serum leptin levels (Dryden et al.
1999) while in another study (Westbroek et al. 2007) no
changes were found. In the group of depressive women
treatment with citalopram did not lead to changes in
serum leptin. Similarly, in persons suffering from binge
eating disorder, who were treated with escitaloprame
(Guerdjikova et al. 2008) or zonisamide (McElroy
et al. 2006), leptin serum levels were not changed. In
patients with ejaculatio praecox, where serum leptin is
usually increased, the treatment with citalopram led to
leptin decrease in one study (Atmaca et al. 2003). In the
recently published study, five weeks lasting treatment of
depression by paroxetine did not change the adiponectin level (Weber-Hamann et al. 2007).
In summary, in the pilot study presented, depressive
women were characterized by increased concentrations
of serum leptin and increased ratio leptin to adiponectin in comparison with controls. We have also found
increased fasting insulinemia, C-peptide concentration
and increased values of HOMA-IR index, while the value
of QUICKI index of insulin sensitivity was significantly
decreased. These results support the hypothesis that at
least part of DD cases has some features of MetS and
common neuroendocrine mechanisms may operate in
the pathogenesis of both conditions. Dysregulation of
leptin in DD could be the factor connecting depression
with an increased risk of either DM2 or CVD.

Acknowledgments

This work was supported by research grant IGA Ministry of Health of Czech Republic, NR 8806-3.
References
1 American Psychiatric Association (1994). Diagnostic and Statistical Manual of Mental Disorders, fourth edition. Washington, D.C.
2 Atmaca M, Kuloglu M, Tezcan E, Semercioz A, Ustundag B, Ayar A
(2002). Serum leptin levels in the patients with premature ejaculation. Arch. Androl. 48: 345–350.
3 Baldwin DS, Reines EH, Guiton C, Weiller E (2007). Escitalopram
Therapy for Major Depression and Anxiety Disorders. Ann Pharmacother 41: 1583–159.
4 Bastard J-P, Maachi M, Lagathu C, Kim M J, Caron M, Vidal H,
Capeau J, Feve B (2006). Recent advances in the relationship
between obesity,inflammation, and insulin resistance. Eur
Cytokine Netw 17: 4–12.
5 Bates SH, Myers, MG, Jr (2003). The role of leptin receptor signaling in feeding and neuroendocrine function. Trends Endocrinol
Metab 14: 447 – 452.
6 Bouloumié A, Marumo T, Lafontan M, Busse R (1999). Leptin
induces oxidative stress in human endothelial cells. FASEB J. 13:
1231–1238.
7 Brown ES, Varghese FP, McEwen BS (2004). Association of
Depression with Medical Illness: Does Cortisol Play a Role? Biol
Psychiatry 55: 1–9.
8 Convit A, De Leon MJ, Tarshish C, De Santi S, Tsui W, Rusinek H,
George A. (1997) Specific hippocampal volume reductions in
individuals at risk for Alzheimer’s disease. Neurobiol Aging 18:
131–138.
9 Cuijpers P, Smit F, Oostenbrink J, de Graaf R, Ten Have M, Beekman A (2007). Economic costs of minor depression: a population-based study. Acta Psychiatr Scand 115: 229–36.
10 Czech Health Statistics Yearbook 2006 (2007), ÚZIS, Praha.
11 den Heijer T, Vermeer S, van Dijk E, Prins N, Koudstaal P, Hofman
A, et al (2003). Type 2 diabetes and atrophy of medial temporal
lobe structures on brain MRI. Diabetologia 46(12): 1604–10.
12 Deuschle M, Blum WF, Englaro P, Schweiger U, Weber B, Pflaum
CD, Heuser I (1996). Plasma leptin in depressed patients and
healthy controls. Horm Metab Res. 28(12): 714–7.
13 Dryden S, Brown M, King P, Williams G (1999). Decreased plasma
leptin levels in lean and obese Zucker rats after treatment with
the serotonin reuptake inhibitor fluoxetine. Horm Metab Res 31:
363–6.
14 Dubey L, Hesong Z (2006). Role of leptin in atherogenesis. Exp
Clin Cardiol. 11(4): 269–75.
15 Eckel RH, Grundy SM, Zimmet PZ (2005). The metabolic syndrome. Lancet 365: 1415–1428.
16 Fišar Z, Raboch J (2008). Depression, antidepressants, and peripheral blood components. Neuroendocrinol Lett 29(1):17–28.
17 Gecici O, Kuloglu M, Atmaca M, Tezcan AE, Tunckol H, Emül
HM, Ustundag B (2005). High serum leptin levels in depressive disorders with atypical features. Psychiatry Clin Neurosci.
59(6):736–8.
18 Guerdjikova AI, McElroy SL, Kotwal R, Welge JA, Nelson E, Lake
K, Alessio DD, Keck PE Jr, Hudson JI (2008). High-dose escitalopram in the treatment of binge-eating disorder with obesity: a
placebo-controlled monotherapy trial. Hum Psychopharmacol
23(1):1–11.
19 Gupta B, Awasthi A, Jaju B (1992). Effect of acute and chronic
imipramine treatment on glucose homeostasis. Indian J Med Res
96: 65–71.
20 Hainer V, Kabrnová K, Aldhoon B, Kunešová M, Wagenknecht M
(2006). Serotonin and norepinephrine reuptake inhibition and
eating behavior. Ann NY Acad Sci 1083: 252–269.
21 Han SH, Quon MJ, Kim J, Kwang Kon Koh KK (2007). Adiponectin
and Cardiovascular Disease. Response to Therapeutic Interventions. J. Am. Coll Cardiol. 49: 531–8.
22 Harvey J (2003). Leptin: a multifaceted hormone in the central
nervous system. Mol Neurobiol. 28(3): 245–58.

Neuroendocrinology Letters Vol. 30 No. 3 2009 • Article available online: http://node.nel.edu

393

Miroslav Zeman, Roman Jirak, Marie Jachymova, Marek Vecka, Eva Tvrzicka, Ales Zák
23 Harvey J (2007). Leptin: a diverse regulator of neuronal function. J Neurochem. 100(2): 307–13.
24 Havel PJ (2004). Update on adipocyte hormones: regulation of
energy balance and carbohydrate/lipid metabolism. Diabetes
53 Suppl 1: S143–51.
25 Hindmarch I (2002). Beyond the monoamine hypothesis: mechanisms, molecules and methods. Eur Psychiatry 17
(Suppl 3): 294–299.
26 Hotta K, Funahashi T, Arita Y, Takahashi M, Matsuda M, Okamoto Y et al (2000). Plasma concentrations of a novel, adiposespecific protein, adiponectin, in type 2 diabetic patients.
Arterioscler Thromb Vasc Biol 20: 1595–1599.
27 Hung YJ, Hsieh CH, Chen YJ, Pei D, Kuo SW, Shen DC, et al
(2007). Insulin sensitivity, proinflammatory markers and adiponectin in young males with different subtypes of depressive disorder. Clin Endocrinol (Oxf ) 67(5): 784–9.
28 Chadwick W., Wilson G., van de Venter M., Oelofsen W., Roux,
S (2007). Shifts in metabolic parameters surrounding glucose
homoeostasis resulting from tricyclic antidepressant therapy:
implications of insulin resistance? J Pharm Pharmacol 59(1):
95–103.
29 Charnay Y, Cusin I, Vallet PG, Muzzin P, Rohner-Jeanrenaud
F, Bouras C (2000). Intracerebroventricular infusion of leptin
decreases serotonin transporter binding sites in the frontal
cortex of the rat.Neurosci Lett 283(2): 89–92.
30 Chiba M, Suzuki S, Hinokio Y, Hirai M, Satoh Y, Tashiro A, et al
(2000). Tyrosine hydroxylase gene microsatellite polymorphism associated with insulin resistance in depressive disorder. Metabolism 49(9): 1145–9.
31 Chrousos GP (2000). The role of stress and the hypothalamicpituitary-adrenal axis in the pathogenesis of the metabolic
syndrome: neuro-endocrine and target tissue-related causes.
Int J Obes 24: S 50–5.
32 Inoue M, Yano M, Yamakado M, Maehata E, Suzuki S (2006).
Relationship between the adiponectin-leptin ratio and
parameters of insulin resistance in subjects without hyperglycemia. Metabolism 55: 1248–1254.
33 Kalra SP (2008). Central leptin insufficiency syndrome: an
interactive etiology for obesity, metabolic and neural diseases
and for designing new therapeutic interventions. Peptides
29(1): 127–38.
34 Katz A, Nambi SS, Mather K, Baron AD, Follmann DA, Sullivan
G, Quon MJ (2000). Quantitative insulin sensitivity check
index: a simple, accurate method for assessing insulin sensitivity in humans. J Clin Endocrinol Metab 85: 2402– 10.
35 Kauffman RP, Castracane VD, White DL, Baldock SD, Owens R
(2005). Impact of the selective serotonin reuptake inhibitor
citalopram on insulin sensitivity, leptin and basal cortisol
secretion in depressed and non-depressed euglycemic
women of reproductive age. Gynecol Endocrinol 21(3):
129–37.
36 Kempermann G, Kronenberg G (2003). Depressed new
neurons—adult hippocampal neurogenesis and a cellular
plasticity hypothesis of major depression. Biol Psychiatry
54(5): 499–503.
37 Kessler RC, Berglund P, Demler O, Jin R, Koretz D, Merikangas
KR, Rush AJ, Walters EE, Wang PS (2003). The epidemiology of
major depressive disorder: results from the National Comorbidity Survey Replication (NCS-R). JAMA 289: 3095–105.
38 Kinder LS, Carnethon MR, Palaniappan LP, King AC, Fortmann
SP (2004). Depression and the metabolic syndrome in young
adults: findings from the Third National Health and Nutrition
Examination Survey. Psychosom. Med. 66: 316–322.
39 Konstantinides S, Schäfer K, Koschnick S, Loskutoff DJ (2001).
Leptin-dependent platelet aggregation and arterial thrombosis suggests a mechanism for atherothrombotic disease in
obesity. J Clin Invest 108: 1533–1540.
40 Kraus T, Haack M, Schuld A, Hinze-Selch D, Pollmächer T
(2001). Low Leptin Levels but Normal Body Mass Indices in
Patients with Depression or Schizophrenia. Neuroendocrinology 73: 243–247.

394

41 Kubota N, Yano W, Kubota T, Yamauchi T, Itoh S, Kumagai H,
et al (2007). Adiponectin Stimulates AMP-Activated Protein
Kinase in the Hypothalamus and Increases Food Intake. Cell
Metab 6(1):55–68.
42 Laimer M, Kramer-Reinstadler K, Rauchenzauner M, LechnerSchoner T, Strauss R, Engl J, Deisenhammer EA, Hinterhuber
H, Patsch JR, Ebenbichler CF (2006). Effect of mirtazapine
treatment on body composition and metabolism. J. Clin. Psychiatry 67(3): 421–4.
43 Lau DCW, Dhillon B, Yan H, Szmitko PE, Verma S (2005). Adipokines: molecular links between obesity and atherosclerosis.
Am J Physiol Heart Circ Physiol 288: H2031–H2041.
44 Lawlor DA, Smith GD, Ebrahim S (2003). Association of insulin
resistance with depression: cross sectional findings from the
British Women‘s Heart and Health Study. British Women‘s
Heart and Health Study. BMJ 327(7428): 1383–4.
45 Lee ES, Kim YH, Beck SH, Lee S, Oh SW(2005). Depressive mood
and abdominal fat distribution in overweight premenopausal
women. Obes Res 13(2):320–5.
46 Leo R, Di Lorenzo G, Tesauro M, Cola C, Fortuna R, Zanasi M,
Troisi A, Siracusano A, Lauro R, Romeo F (2006). Decreased
plasma adiponectin concentration in major depression. Neurosci Lett. 407(3): 211–3.
47 Lu XY, Kim CS, Frazer A, Zhang W (2006). Leptin: a potential novel antidepressant. Proc Natl Acad Sci U S A 103(5):
1593–8.
48 Lu XY (2007). The leptin hypothesis of depression: a potential
link between mood disorders and obesity? Curr Opin Pharmacol 7: 648–652.
49 Malhi GS, Parker GB, Greenwood J (2005). Structural and functional models of depression: from sub-types to substrates.
Acta Psychiatr Scand 111: 94–105.
50 Mamalakis G, Kiriakakis M, Tsibinos G, Hatzis C, Flouri S, Mantzoros C, Kafatos A (2006). Depression and serum adiponectin
and adipose omega-3 and omega-6 fatty acids in adolescents.
Pharmacol Biochem Behav. 85(2): 474–9.
51 Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher
DF, Turner RC (1985). Homeostasis model assessment: insulin
resistance and beta-cell function from fasting plasma glucose
and insulin concentrations in man. Diabetologia 28: 412 –
419.
52 McCaffery JM, Niaura R, Todaro JF, Stan GE, Carmelli D (2003).
Depressive symptoms and metabolic risk in adult male twins
enrolled in the National Heart, Lung, and Blood Institute Twin
Study. Psychosom. Med. 65: 490–497.
53 McElroy SL, Kotwal R, Guerdjikova AI, Welge JA, Nelson EB,
Lake KA et al (2006). Zonisamide in the treatment of binge
eating disorder with obesity: a randomized controlled trial. J
Clin Psychiatry 67: 1897–1906.
54 McIntyre RS., Soczynska JK., Konarski JZ. Kennedy SH (2006).
The effect of antidepressants on glucose homeostasis and
insulin sensitivity: synthesis and mechanisms. Expert Opin
Drug Saf 5: 157–68.
55 Minokoshi Y, Alquier T, Furukawa N, Kim YB, Lee A, Xue B et
al (2004). AMP-kinase regulates food intake by responding to
hormonal and nutrient signals in the hypothalamus. Nature
428(6982): 569–74.
56 Musselman DL, Betan E, Larsen H, Phillips LS (2003). Relationship of Depression to Diabetes Types 1 and 2: Epidemiology,
Biology, and Treatment Biol Psychiatry 54: 317–32.
57 Musselman DL, Evans DL, Nemeroff CB (1998). The relationship of depression to cardiovascular disease. Arch Gen Psychiatry 55: 580–92.
58 Narita K, Murata T, Takahashi T, Kosaka H, Omata N, Wada Y
(2006). Plasma levels of adiponectin and tumor necrosis
factor-alpha in patients with remitted major depression
receiving long-term maintenance antidepressant therapy.
Prog Neuropsychopharmacol Biol Psychiatry 30(6):1159–62.
59 Narita K, Murata T, Hamada T, Takahashi T, Kosaka H, Sudo S,
et al. (2008). Adiponectin multimer distribution, not absolute
amount of plasma, correlates with depression severity in
healthy elderly subjects. Prog Neuropsychopharmacol Biol
Psychiatry 32(1): 124–7.

Copyright © 2009 Neuroendocrinology Letters ISSN 0172–780X • www.nel.edu

Leptin and insulin resistance in depression
60 Nelson JC, Charney DS (1981). The symptoms of major depressive illness. Am J Psychiatry 138(1): 1–13.
61 Norata GD, Raselli S, Grigore L, Garlaschelli K, Dozio E, Magni P,
Catapano AL (2007). Leptin:adiponectin ratio is an independent
predictor of intima media thickness of the common carotid
artery. Stroke 38: 2844–2846.
62 Okamura F, Tashiro A, Utumi A, Imai T, Suchi T, Tamura D, Sato
Y, Suzuki S, Hongo M (2000). Insulin resistance in patients with
depression and its changes during the clinical course of depression: minimal model analysis. Metabolism 49(10): 1255–60.
63 Pan A, Ye X, Franco OH, Li H, Yu Z, Wang J et al (2008) The Association of Depressive Symptoms with Inflammatory Factors and
Adipokines in Middle-Aged and Older Chinese. PLoS ONE 3(1):
e1392.
64 Parhami F, Tintut Y, Ballard A, Fogelman AM, Demer LL (2001).
Leptin enhances the calcification of vascular cells: Artery wall as
a target of leptin. Circ Res 88: 954–960.
65 Pirkola SP, Isometsä E, Suvisaari J, Aro H, Joukamaa M, Poikolainen K, et al (2005). DSM-IV mood-, anxiety- and alcohol use
disorders and their comorbidity in he Finnish general population
– results from the Health 2000 Study. Soc Psychiatry Psychiatr
Epidemiol 40: 1–10.
66 Rasgon NL, Kenna HA (2005a). Insulin resistance in depressive
disorders and Alzheimer´s disease: Revisiting the missing link
hypothesis. Neurobiol Aging 26S: S103–S107.
67 Rasgon NL, Altshuler L, Fairbanks L, Elman S, Bitran J, Labarca R,
et al (2005b). Reproductive function and risk for PCOS in women
treated for bipolar disorder. Bipolar Disord 7(3): 246–59.
68 Sheline YI, Wang PW, Gado MH, Csernansky JG, Vannier MW
(1996). Hippocampal atrophy in recurrent major depression.
Proc Natl Acad Sci U S A 93: 3908–3913.
69 Smith RS (1991). The macrophage theory of depression. Med
Hypotheses 35(4): 298–306.

70 Spranger J, Kroke A, Mohlig M, Bergmann MM, Ristow M, Boeing
H, Pfeiffer AF (2003). Adiponectin and protection against type 2
diabetes mellitus. Lancet 361: 226–228.
71 Vanhala MJ, Kumpusalo EA, Pitkajarvi TK, Takala JK (1997). Metabolic syndrome in a middle-aged Finnish population. J Cardiovasc Risk 4: 291–295.
72 Weber-Hamann B, Kratzsch J, Kopf D, Lederbogen F, Gilles M,
Heuser I, Deuschle M (2007). Resistin and adiponectin in major
depression: The association with free cortisol and effects of antidepressant treatment. J Psychiatr Res 41: 344–350.
73 Westbroek I, Waarsing JH, van Leeuwen JP, Waldum H, Reseland
JE, Weinans H et al (2007). Long-term fluoxetine administration does not result in major changes in bone architecture and
strength in growing rats.J Cell Biochem 101(2): 360–368.
74 Weyer C, Funahashi T, Tanaka S, Hotta K, Matsuzawa Y, Pratley RE,
Tataranni PA (2001). Hypoadiponectinemia in obesity and type 2
diabetes: close association with insulin resistance and hyperinsulinemia. J Clin Endocrinol Metab 86: 1930–1935.
75 Winokur A, Maislin G, Phillips J, Amsterdam J (1988). Insulin
resistance after oral glucose tolerance testing in patients with
major depression. Am J Psychiatry 145 (3): 325–330.
76 Wulsin LR, Vaillant GE, Wells VE (1999). A systematic review of the
mortality of depression. Psychosom Med 61: 6–17.
77 Xita N, Papassotiriou I, Georgiou I, Vounatsou M, Margeli A, Tsatsoulis A (2007). The adiponectin-to-leptin ratio in women with
polycystic ovary syndrome: relation to insulin resistence and
proinflammatory markers. Metab Clin Exp 56: 766–771.
78 Yamauchi T, Kamon J, Waki H, Terauchi Y, Kubota N, Hara K, Mori Y
et al (2001). The fat-derived hormone adiponectin reverses insulin resistance associated with both lipoatrophy and obesity. Nat.
Med. 7: 941 – 946.
79 Zhang Y, Proenca R, Maffei M, Barone M, Leopold L, Friedman
JM (1994). Positional cloning of the mouse obese gene and its
human homologue. Nature 372: 425–32.

Neuroendocrinology Letters Vol. 30 No. 3 2009 • Article available online: http://node.nel.edu

395

