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Abstract
Objective: Biomarkers of adipose tissue may affect glucose and lipid metabolism and present pro-inflammatory properties, thus could be involved in the pathobiochemistry of cardiovascular disease (CVD). The
coexistence of sleep apnea syndrome (OSA) and
metabolic risk factors of CVD is worth explaining.
The aim of the study was to compare the serum
adipocytokines in subjects with and without OSA,
who had all elevated body mass index (BMI).
Methods: Overweight (BMI: 25.0-29.9 kg/m2) and
obese (BMI: 30.0-39.9 kg/m2) OSA-suspected Caucasian males, aged 30-63, with no acute disease or
chronic disorder underwent polysomnographic evaluation to select OSA-positive (AHI ≥5) and OSA-negative (AHI <5) subjects. Four subgroups were created
of 18 persons each: Over(weight)-OSA-Neg, OverOSA-Pos, Obese-OSA-Neg, Obese-OSA-Pos. In all
subjects, plasma carbohydrate and lipid metabolism
parameters, and serum uric acid, resistin and leptin
concentrations were determined.
Results: A decreased resistin level was observed in
Over-OSA-Pos vs. Over-OSA-Neg subjects (P=0.037)
as well as in Obese-OSA-Pos vs. Obese-OSA-Neg
(P=0.045). No differences in leptin concentrations
were observed. A positive correlation between leptin
and BMI was in both overweight subgroups and a negative one between resistin and fasting glucose was in
both obese subgroups.
Conclusions: OSA may decrease the serum resistin level in subjects with excess body mass and also may contribute to glucose metabolism, but has no influence on
the leptin level.
Key words: obstructive sleep apnea, body mass index,
adipocytokines, leptin, resistin

INTRODUCTION

Excess body mass, overweight affecting about 34%
and obesity affecting 25-31% of population in the developed countries, increases the risk for type 2 diabetes mellitus (DM), cardiovascular disease (CVD),
non-alcoholic fatty liver disease, different endocrine
disorders, some forms of cancer, osteoarthropathies,
and for sleep apnea [1]. Studies concerning the most
common form of sleep apnea, obstructive sleep apnea
(OSA), documented that 60-70% of patients are

obese, hypertensive, have dyslipidemia, and 16% are
diagnosed with DM [2]. Cytokines and insulin resistance are proposed to be mediators of excessive daytime sleepiness and pathogenetic factors for sleep apnea in obese patients, promoting cardiovascular disease [3]. Adipocytokines are released from the adipose
tissue, including adipocytes and immune cells infiltrating fat, and affect vascular function, and immune regulation [4]. Biomarkers of adipose tissue may tell about
glucose and lipid metabolism and pro-inflammatory
properties; and consequently about the propensity for
CVD [5].
Leptin, adipose-derived hormone, is a biomarker
for body fat taking part in regulation of energy balance, including appetite and metabolism. Adipocytes
are the major source of circulating leptin, but it can
also be produced by skeletal muscles, fundic glands of
stomach, bone marrow, ovaries, pituitary and liver [6].
The hypothalamus is the primary target for this
adipocytokine, but leptin receptors are expressed also
on polymorphonuclear leukocytes, monocytes,
macrophages and lymphocytes. Leptin could modulate
the immune response to atherosclerosis [7]. Failure of
leptin production results from genetic abnormality.
Regulatory defect concerns inadequately low leptin expression/secretion for a given fat mass and adipose
tissue may expand in such subjects until the expected
adipocytokine level is reached. Leptin resistance is associated with relative or absolute insensitivity to leptin
[8]. Beside genetics, different metabolic factors are
considered contributory to adipocytokine production
and sensitivity [9]. Among the adipose tissue-derived
signals (i.e., adiponectin, angiotensin, estradiol, IL-6,
leptin, PAI-1, and TNF-α), resistin and its pathophysiological role in obesity and DM are a matter of controversy. Resistin has to do with endocrine pathways
involved in insulin resistance [10], and consequently
could be increased in obesity [11]. It also is linked to
the inflammatory response and increases the expression of the interleukins IL-1, IL-6, and IL-12 and of
TNF-α [12]. Resistin is not expressed in human primary adipocytes but is present in immune cells found
in white adipose tissue in obesity; adipocytes may be
target cells for resistin [13, 14, 15]. There are studies
showing a decreased serum concentration of resistin
with increasing adiposity [16], which questions the
possible role of this hormone in linking obesity to
DM [17].
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In the present study, we investigated the serum
adipocytokines in overweight and obese subjects, with
and without OSA.

MATERIAL AND METHODS
SUBJECTS AND SETTINGS

The study was performed in accordance with the Declaration of Helsinki for Human Research, approved by
the Bioethics Committee of the University of Medical
Sciences in Poznan, Poland. All subjects participating
in the study gave informed consent to the study procedure. Central obese non-smoking Caucasian males (at
least 94 cm of waist circumference due to International Diabetes Federation 2005 criteria), aged 30-63, residents of Wielkopolska District in Poland, were enrolled
into the study. Males with no acute disease or severe
chronic disorder were screened by Epworth Sleepiness
Scale. OSA suspected persons were evaluated in the
Sleep Laboratory of the Department of Respiratory
of Medicine of the University of Medical Sciences in
Poznan, Poland. All studied persons were qualified for
oral glucose tolerance test (OGTT) due to WHO recommendations. Newly diagnosed DM subjects were
excluded from the study. Due to known gender differences, only male subjects were included. BMI, blood
pressure, and metabolic factors were analyzed regarding the influence of OSA on the adipocytokine concentrations in the blood. Subjects were stratified into
groups, 18 persons each, according to the BMI: overweight (Over) 25.0-29 and obese (Obese) 30.0-34.9
kg/m2. Apnea/hypopnea index (AHI ≥5) was used to
diagnose OSA-positive (OSA-Pos) and OSA-negative
(OSA-Neg) (AHI <5). Accordingly, there were 4
groups: Over-OSA-Pos and Over-OSA-Neg, and
Obese-OSA-Pos and Obese-OSA-Neg.
MEASUREMENTS

Complete physical examination, systolic (SBP) and diastolic blood pressure (DBP) were taken. OSA-suspected
persons underwent full-night polysomnography, using
EMBLA S4000 system (Remlogic; EMBLA Co., Denver, Colorado). Airflow was monitored by a nasal flow
cannula. Abdominal and thoracic movements were assessed by respiratory inductive plethysmography. Night
recordings of arterial oxygen saturation were obtained
by finger pulsoximetry. Snoring sounds, heart rate, and
sleep position also were recorded. Apnea was defined
as a cessation of airflow lasting more than 10 s, and hypopnea was defined as a discrete reduction (two thirds)
of airflow and/or abdominal ribcage movements lasting more than 10 s and associated with a decrease of
more than 4% in oxygen saturation.
Fasting glucose (G 0), glucose at 120 min (G 120)
of the OGTT, total cholesterol (T-C), HDL cholesterol (HDL-C), triglycerides (TG), uric acid (UA) concentrations, and plasma glucose at G 120 were determined using enzymatic methods (BioMérieux, Marcyl’Etoile, France) and UV-160A Shimadzu spectrophotometer (Shimadzu, Kyoto, Japan). LDL cholesterol
(LDL-C) was calculated from Friedewald’s formula.
Fasting serum insulin (Ins 0) was measured by ELISA
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method (BioSource, Nivelles, Belgium) on microplate
reader SunriseTM (Tecan Group, Männedorf, Switzerland). Insulin resistance (IR) was calculated as Ins/G0
ratio. Homeostasis model assessment of insulin resistance (HOMA-IR), defined as Ins 0xG 0/22.5, was established.
Serum samples were stored at -80°C until leptin and
resistin were measured using ELISA (R&D Systems,
Minneapolis, Minnesota) on a microplate reader SunriseTM (Tecan Group, Männedorf, Switzerland). The
minimum detectable levels of leptin and resistin were
0.0078 ng/ml and 0.026 ng/ml, respectively. The intraassay coefficients of variation (CV) for leptin (2.53.0%) and resistin (5.1-5.3 %) and the inter-assay CV
for leptin (4.7–5.4%) and resistin (6.5–7.0%) were calculated.
STATISTICAL ANALYSIS

All results are shown as means ±SD and medians. The
normality of value distributions was checked by
Shapiro-Wilk’s test. Significant differences between
studied groups were calculated by nonparametric Man
Whitney-U test and correlations were described by
Spearman’s coefficient (R), while P<0.05. Data were
analyzed with Statistica version 6.0 packet.

RESULTS

Clinical and laboratory data of the studied groups are
shown in Table 1. The Over-OSA-Pos and Over-OSANeg as well as Obese-OSA-Pos and Obese-OSA-Neg
groups did not differ regarding the age, BMI, SBP and
DBP, glycemia during OGTT, insulinemia, and plasma
lipid and uric acid concentrations.
A decreased level of resistin was found in both
Over-OSA-Pos and Obese-OSA-Pos subjects compared with the respective Neg groups (Fig. 1). No differences in the leptin concentration were observed in
both BMI categories.
A positive correlation between leptin and BMI was
found in both overweight groups of subjects, OverOSA-Pos and Over-OSA-Neg (r=0.60 and r=0.44, respectively; P<0.05), and a negative correlation between the levels of resistin and G 0 in both obese

Fig. 1. Comparison of serum resistin concentration between
the studied groups; *P=0.037, **P=0.045.
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Table 1. Clinical and biochemical characteristics of the studied groups.

Age (years)
AHI (#/h)
BMI (kg/m2)
SBP (mmHg)
DBP (mmHg)
G 0 (mmol/l)
G 120 (mmol/l)
Ins 0 (mU/l)
IR
HOMA-IR
OGTT:
normal
preDM
T-C (mmol/l)
TAG (mmol/l)
HDL-C (mmol/l)
LDL-C (mmol/l)
UA (µmol/l)
Resistin (ng/ml)
Leptin (ng/ml)
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Over-OSA-Neg
Mean ± SD
Median

Over-OSA-Pos
Mean ± SD
Median

Obese-OSA-Neg
Mean ± SD Median

Obese-OSA-Pos
Mean ± SD
Median

50 ±11
2.4 ±0.8
28.3 ±1.7
130 ±19
85 ±12
5.48 ±0.82
6.50 ±1.60
21.7 ±15.0
0.27 ±0.19
6.2 ±4.0

53
2.5
28.2
127
82
5.17
6.50
19.7
0.21
5.8

52 ±10
31.0 ±20.0
28.1 ±2.0
130 ±10
81 ±7
5.45 ±0.37
6.40 ±1.76
24.4 ±5.2
0.24 ±0.05
6.1 ±1.5

53
36.0
27.7
130
80
5.49
6.64
23.7
0.23
6.1

51 ±8
1.8 ±1.5
34.3 ±2.4
137 ±10
90 ±8
5.54 ±0.69
6.43 ±1.63
22.1 ±6.7
0.23 ±0.07
5.4 ±1.9

53
2.0
34.4
135
90
5.66
6.41
19.2
0.21
4.7

50 ±8
36.0 ±23.5
33.6 ±2.8
142 ±18
86 ±13
5.45 ±0.55
6.24 ±1.68
24.4 ±10.1
0.28 ±0.10
6.5 ±3.1

51
35.8
32.9
140
80
5.45
5.89
19.8
0.246
5.9

5.97
1.74
1.25
3.80
332
11.07
19.66

n=9 (50%)
n=9 (50%)
5.90 ±1.19
1.95 ±1.05
1.19 ±0.22
3.87 ±1.00
326 ±59
7.80 ±1.60
21.31 ±14.95

5.94
1.67
1.16
3.88
338
7.90
18.61

n=7 (39%)
n=11 (61%)
5.48 ±1.17
2.33 ±1.12
1.17 ±0.30
3.35 ±0.95
382 ±105
11.70 ±4.10
22.86 ±9.01

5.43
2.20
1.16
3.32
350
11.49
22.03

n=7 (39%)
n=11 (61%)
5.47 ±1.07
1.89 ±1.10
1.10 ±0.16
3.62 ±0.97
359 ±70
7.75 ±2.29
22.67 ±13.42

5.82
1.48
1.12
3.83
371
7.17
19.56

n=10 (56%)
n=8 (44%)
6.05 ±1.46
1.64 ±0.97
1.22 ±0.34
4.07 ±1.32
331 ±91
11.00 ±4.44
21.74 ±15.00

groups of subjects, Obese-OSA-Pos and Obese-OSANeg (r=-0. 63 and r=-0.54, respectively; P<0.05).

DISCUSSION

There is an explosion in research and clinical interest in
bidirectional association between sleep apnea and metabolic abnormalities. Sleep fragmentation and intermittent hypoxemia are proposed to implicate sleep apnea
as an independent risk factor for metabolic abnormalities [18]. Shortened sleep duration was demonstrated to
provoke insulin resistance and glucose intolerance [19].
The coexistence of obesity and OSA is well known.
Adiposity-related signals such as insulin and leptin circulate in proportion to body fat composition and
should control satiety balance [20]. Resistin, adiposityrelated but immune cell-derived hormone is considered as one possible proinflammatory factor that may
link obesity-related metabolic disturbances to CVD.
Previous studies show that increased serum leptin
levels in OSA subjects correlate with BMI, insulin resistance, and high incidents of CVD [21, 22]. A Japanese study found elevated leptin concentrations with increasing severity of OSA, while the subjects with severe OSA presented higher BMI and insulin resistance
than those with moderate OSA [23]. These authors
did not find any differences in the leptin level between
moderate OSA and control subjects. The findings suggest that the degree of obesity may be a more important factor for elevated leptin level in OSA patients
than the severity of disease.
The present study adds to the controversy surrounding the level of leptin in subjects with increased

body mass, OSA subjects in particular, supporting the
role of adiposity-derived proinflammatory state, rather
than obesity per se, in the pathogenesis of CVD. That
is why recently we refer to discuss ‘metabolically
healthy but obese’ individuals in the context of cardiovascular risk factors [24]. It is also suggested that leptin receptor gene polymorphism could be associated
with the prevalence of OSA, and might determine
obesity and lipid disturbances in homozygotic
Arg/Arg genotype carries [25].
The present study on overweight and obese subjects
shows no differences in their carbohydrate and lipid
metabolic parameters as well as insulin resistance.
Both OSA positive and negative subjects had similar
leptin concentrations and, rather surprisingly, decreased serum resistin levels in both overweight and
obese OSA positive subjects negatively correlated with
the fasting glucose level. Positive correlations between
resistin, insulin resistance, and carbohydrate disturbances have recently been reported and explained
mainly by engaged proinflammatory state [10]. Controversies concerning resistin can be found in other reports on the subject. Resistin levels do not change
during effective CPAP therapy, whereas insulin sensitivity index improves in the OSA patients which also
closely relates with the inflammatory parameters [26].
In that study, resisitin concentration increased in OSA
patients who lost weight and decreased in those who
gained weight [26]. Elevated serum levels of resistin
and IL-6 have been found in OSA male subjects compared with those without OSA [27], which suggests a
relationship between and IL-6 changes. Since the latter
is a marker of inflammatory state, inflammation-asso-
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ciated serum resistin changes in OSA patients are suggested. In the study in question [27], leptin level did
not change in OSA subjects, which is in accord with
the present results.
We conclude that serum resistin is decreased in obstructive sleep apnea subjects of excess body mass,
whereas serum leptin level is unaffected.
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