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Abstract
Background. Obstructive sleep apnea syndrome (OSAS) is a frequent disease, characterized by repetitive episodes 
of upper airway obstruction during sleep, leading to many pathological events. Adiponectin is an adipocyte-specific 
secreted protein that plays a role in glucose and lipid homeostasis, in addition to antiatherogenic and anti-diabetic 
effects. Bioelectrical impedance analysis (BIA) is a reliable, non-invasive, safe and effective technique to measure 
body composition.
Objectives. The aim of the study was the evaluation of body composition and adiponectin serum levels in OSAS patients 
and their comparison with OSAS parameters as well as with C-reactive protein (CRP) and cholesterol levels. 
Material and Methods. In this study, 137 patients with OSAS and 42 persons for the control group were enrolled. 
In the examined group with OSAS, there were 100 males (73%) and 37 females (27%). The average age was 54.37 + 
9.8 years. All subjects underwent polysomnography with Grass Aura PSG Lite and bioelectrical impedance analysis 
(BIA) with a single-frequency bioimpedance analyzer (Model BIA 101, AKERN-RJL, Italy). The adiponectin serum 
level was measured using a sandwich ELISA kit.
Results. In OSAS patients we demonstrated a higher body mass index (BMI) and percentage of extracellular water 
(ECW%) and lower percentage of intracellular water (ICW%) and phase angle. Moreover, severe OSAS and con-
trol comparison revealed a lower percentage of muscle mass (MM%) in severe OSAS. Positive correlations were 
found between the apnea-hypopnea index (AHI) and BMI, CRP and ECW%. Negative correlations were observed 
between AHI and ICW%, MM% and phase angle. We found neither differences in adiponectin levels between the 
control group and OSAS patients nor correlations between adiponectin and body composition parameters. But 
we showed that adiponectin levels were significantly lower in OSAS patients with diabetes than in OSAS patients 
without diabetes (2.64 vs. 13.46 µg/mL, p = 0.003). In OSAS patients without diabetes, we revealed many negative 
correlations between adiponectin levels and the body composition parameters (including phase angle, percentage 
of total body water – TBW%, ICW%, percentage of fat free mass – FFM% and MM%) and triglycerides. The posi-
tive relationships were between adiponectin and CRP, ECW% and percentage of fat mass (FM%).
Conclusions. Our results indicate that in OSAS patients there are many changes in body composition. The most 
interesting are higher BMI, TBW% and ECW% and lower BCM%, IW%, MM% and phase angle. Our results sug-
gest that OSAS does not influence adiponectin level, but adiponectin levels are lower in patients with diabetes. 
Adiponectin levels correlate with many body composition parameters in OSAS patients without diabetes (Adv Clin 
Exp Med 2013, 22, 6, 817–824).
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Streszczenie
Wprowadzenie. Zespół obturacyjnego bezdechu śródsennego (o.b.ś.) to częste schorzenie charakteryzujące się 
powtarzającymi się zaburzeniami oddychania w czasie snu w wyniku obturacji na poziomie górnych dróg oddecho-
wych. Adiponektyna odgrywa rolę w regulacji homeostazy lipidowej i węglowodanowej, a ponadto ma działanie 
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przeciwmiażdżycowe i przeciwcukrzycowe. Metoda bioelektrycznej impedancji stanowi wiarygodną, nieinwazyjną, 
bezpieczną i skuteczną metodę oceny składu ciała.
Cel pracy. Ocena składu ciała i stężenia adiponektyny oraz ich porównanie z wykładnikami zespołu bezdechu 
– białkiem ostrej fazy (CRP) i stężeniem cholesterolu u pacjentów z zespołem bezdechu śródsennego.
Materiał i metody. Do badania włączono 137 pacjentów z zespołem bezdechu śródsennego i 42 osoby z grupy 
kontrolnej. W badanej grupie z o.b.ś. przeważali mężczyźni (100 mężczyzn i 37 kobiet). Średni wiek wyniósł 54,37 
+ 9,8 roku. U wszystkich osób przeprowadzono badanie polisomnograficzne aparatem Grass Aura PSG Lite i bada-
nie składu ciała metodą bioelektrycznej impedancji aparatem firmy Akern Model BIA 101. Stężenie adiponektyny 
oznaczono metodą ELISA.
Wyniki. W grupie chorych z o.b.ś. stwierdzono większy wskaźnik masy ciała (BMI) i odsetek wody pozakomór-
kowej (ECW%), a mniejszy odsetek wody wewnątrzkomórkowej (ICW%) i kąt fazowy. Porównanie pacjentów 
z ciężkim zespołem bezdechu z grupą kontrolną ujawniło dodatkowo mniejszy odsetek masy mięśniowej (MM%) 
w grupie z ciężkim o.b.ś. Wykazano dodatnią korelację między wskaźnikiem bezdechów i faz spłyconego oddycha-
nia (AHI) a BMI, CRP i ECW%. Negatywną korelację stwierdzono natomiast między AHI a ICW%, MM% i kątem 
fazowym. Nie zaobserwowano różnic w stężeniu adiponektyny między grupą kontrolną a chorymi z zespołem bez-
dechu, ani korelacji między stężeniem adiponektyny a parametrami składu ciała. Stwierdzono natomiast mniejsze 
stężenie adiponektyny w grupie chorych, u których zespół bezdechu współistniał z cukrzycą niż w grupie chorych 
z o.b.ś., ale bez cukrzycy (2,64 vs 13,46 µg/ml, p = 0.003). Natomiast w grupie chorych z zespołem bezdechu, ale 
bez cukrzycy ujawniono wiele korelacji między stężeniem adiponektyny a parametrami składu ciała. Negatywne 
korelacje obserwowano między stężeniem adiponektyny a kątem fazowym, odsetkiem wody całkowitej (TBW%), 
ICW%, odsetkiem masy beztłuszczowej (FFM%) i MM%, a dodatnie korelacje między adiponektyną a CRP, ECW% 
i odsetkiem masy tłuszczowej (FM%).
Wnioski. Przedstawione wyniki wskazują na liczne różnice w składzie ciała u pacjentów z zespołem bezdechu. Do 
najważniejszych należą wyższe BMI, TBW%, ECW, a niższe BCM%, IW%, MM% i kąt fazowy w tej grupie chorych. 
W ocenie autorów zespół bezdechu nie wpływa na stężenie adiponektyny, natomiast jest ono mniejsze w grupie 
chorych z zespołem bezdechu i cukrzycą. Stężenie adiponektyny wykazuje wiele korelacji z parametrami składu 
ciała w grupie chorych z o.b.ś., ale bez cukrzycy (Adv Clin Exp Med 2013, 22, 6, 817–824).

Słowa kluczowe: zespół bezdechu, skład ciała, BIA, kąt fazowy, adiponektyna.

Sleep apnea syndrome is a common disease. 
2% of women and 4% of men in middle age could 
meet the minimal diagnostic criteria for sleep ap-
nea syndrome (an apnea-hypopnea score of 5 or 
higher and daytime hypersomnolence) [1]. The 
newest epidemiological studies indicate that the 
prevalence could even be over 20%, in connection 
with the growing epidemic of overweight and obe-
sity, especially in the USA [2].

Obstructive sleep apnea syndrome (OSAS) is 
characterized by repetitive episodes of upper air-
way obstruction during sleep, leading to many 
pathological events including decreases in oxygen 
saturation, sleep disruption, daytime sleepiness 
and impaired quality of life [3]. 

Adiponectin, alternatively named the adipocyte 
complement-related protein of 30kDa (Acrp30) or 
adipoQ, is an adipocyte-specific secreted protein 
that plays a role in glucose and lipid homeostasis, 
in addition to anti-atherogenic and anti-diabetic 
effects [4, 5].

Adiponectin is a product of the apM1 gene, 
which is specifically and highly expressed in hu-
man adipose tissue [6]. Adiponectin is a 244-ami-
no acid protein that contains a putative signal se-
quence and a collagen-like domain followed by 
a globular domain similar to collagens VIII and 
X and compliment factor C1q [7, 8]. The molecu-
lar weight of the adiponectin monomer is 26.413. 
However, it circulates in polymeric forms [7]. In 
serum adiponectin could exist as a trimer (low 

molecular weight-LMW), a hexamer (medium 
molecular weight-MMW) and a high molecular 
weight (HMW) form [9]. Adiponectin is abun-
dantly present in plasma and the average levels 
of plasma adiponectin in human range from 3 to 
30 µg/mL [8, 10]. Some authors suggest that adipo-
nectin may play a role in protection against vascu-
lar damage, because it suppresses the attachment 
of monocytes to endothelial cells, which is an early 
event in atherosclerotic vascular change [11].

Bioelectrical impedance analysis (BIA) is a re-
liable, non-invasive, safe and effective technique 
to measure body composition [12]. The Four Site 
Cross Validation Study published in the Amer-
ican Journal of Clinical Nutrition confirmed on 
over 1500 healthy subjects the reliability of this 
test [13]. BIA analysis is based on the principle that 
electric current flows at different rates through the 
body depending upon its composition. BIA de-
termines the overall electrical resistance of the 
body [12]. The body is composed mostly of water 
with ions, through which an electric current can 
flow. In the body, the water is localized in 2 com-
partments: extra-cellular water (ECW approxi-
mately 45%) and intracellular water (ICW ap-
proximately 55%) [14, 15]. The body also contains 
non-conducting materials (body fat) that provide 
resistance to the flow of electric current. Adipose 
tissue is significantly less conductive than mus-
cle or bone [14]. Additional parameters assessed 
using BIA include total body water (TBW), body 
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cell mass (BCM), body fat mass (FM), lean fat free 
mass (FFM), body cell mass index (BCMI), muscle 
mass (MM) and phase angle [12, 13].

The aim of the study was the evaluation of body 
composition and adiponectin serum levels in OSAS 
patients and their comparison with OSAS parame-
ters as well as with CRP and cholesterol levels. 

Material and Methods 
Patients

137 patients with OSAS and 42 healthy per-
sons for a control group (20 women and 22 men) 
were enrolled in this study. In the examined group 
with OSAS, 100 were male (73%) and 37 female 
(27%). The control group was sourced from other-
wise healthy persons without any comorbidities, 
who were hospitalized in the Department of Pul-
monology and Lung Cancer with OSAS suspicion, 
however were confirmed to be without OSAS dur-
ing hospitalization.

The average age of OSAS patients was 54.37 + 
+ 9.83 years and in the control group 50.69 + 12.27. 
In the examined group with OSAS, many people 
had the following comorbidities: 30 patients with 
diabetes, 24 with ischemic heart disease and 93 
with hypertension.

Polysomnography
All subjects underwent polysomnography us-

ing a Grass Aura PSG Lite during hospitaliza-
tion in the Department of Pulmonology and Lung 
Cancer. Apnea was defined as cessation of air-
flow for > 10 s and hypopnea as a > 50% reduc-
tion in airflow from its value during quiet wake-
fulness for at least 10 s followed by 4% or more 
decrease in oxyhemoglobin saturation or by an ep-
isode of arousal. AHI was expressed as the num-
ber of apnea and hypopnea episodes per hour of 
recording.

According to the apnea-hypopnea index (AHI), 
the subjects were divided into 4 groups: the control 
group with AHI less than 5 (n = 42), patients with 
mild OSAS (AHI: 5–14.9/hour) (n = 31), moderate 
OSAS (AHI: 15–29.9) (n = 39), and severe OSAS 
(AHI: ≥ 30) (n = 67). The patient characteristic of 
all groups is summarized in Table 1.

Body composition
All subjects underwent bioelectrical impedance 

analysis (BIA) with a single-frequency bioimped-
ance analyzer (Model BIA 101, AKERN-RJL, Ita-
ly) in the morning after polysomnography. Mea-
surements were performed while the subjects lay 

comfortably with the limbs abducted from the 
body. Current-injector electrodes were placed be-
low the phalangeal-metacarpal joint in the middle 
of the dorsal side of the right hand and below the 
transverse (metatarsal) arch on the superior side 
of the right foot. Detector electrodes were placed 
on the posterior side of the right wrist and ventral-
ly across the medial ankle bone of the right ankle. 
Body composition was determined by injecting 
800 µA and 50 kHz alternating sinusoidal current 
using a standard tetrapolar technique.

The parameters of body composition were 
calculated using manufacturer’s software BODY 
-GRAM 1.31.

Adiponectin
Blood samples were collected from fasting sub-

jects in the morning after the night with polysom-
nography. After centrifugation for 10 min at 1467 
RCF, the serum was removed and stored at –80°C.

The adiponectin serum level was measured 
using a sandwich ELISA kit: Human Total Adipo-
nectin/Acrp30 Immunoassay Quantikine (R&D 
Systems Inc., Minneapolis, USA). This assay rec-
ognizes low, middle and high molecular weight 
human total adiponectin, with sensitivity 
0.891 ng/mL. The test was performed according to 
the manufacturer’s specifications. The microplate 
reader ELISA MRXe Dynex Technologies was 
used.

Statistical Analysis
Statistical analysis was performed using CSS 

Statistica for Windows (version 5.0). 
A Spearman’s test was used to asses the relation-

ship between two variables and the Mann-Whitney 
U test to compare values between 2 groups.

Differences between the samples were con-
sidered significant at p < 0.05. The work was ap-
proved by the appropriate ethical committees 
related to the institution: The Commission of Bio-
ethics at Wroclaw Medical University. 

Results 
Many statistically significant changes in body 

composition between the control group and OSAS 
patients were revealed (Table 2). In OSAS patients, 
we showed higher BMI and ECW% (extracellular 
water percentage) and lower ICW% (intracellu-
lar water) and phase angle. We decided to com-
pare severe OSAS patients with the control group. 
This analysis demonstrated that the previously 
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described differences were much more significant. 
Moreover, we revealed that MM% (muscle mass 
percentage) was lower in severe OSAS.

We also analyzed cholesterol-fractions levels 
and CRP in the examined groups. Despite a trend 
for higher CRP in the OSAS group compared with 
controls, no statistically significant differences 

were found. However the comparison of control 
group vs. severe OSAS revealed higher CRP in se-
vere OSAS (Table 1).

Positive correlations were found between AHI 
and BMI, CRP and ECW%. Negative correlations 
were observed between AHI and ICW%, MM% 
and phase angle (Table 3, part B).

Table 1. OSAS parameters, adiponectin, cholesterol-fractions and CRP levels in OSAS patients and control group 

Tabela 1. Parametry zespołu bezdechu śródsennego (o.b.ś.), stężenia adiponektyny, frakcji cholesterolu i białka CRP w grupie chorych 
z o.b.ś. i kontrolnej

Factor
(Czynnik)

Control group
(Grupa kon-
trolna)
n = 42

ALL
OSA
Patients
(Wszyscy  
chorzy z o.b.ś.)
n = 137

OSAS and  
control  
comparison
(Porówn-
anie o.b.ś. 
i kontroli)
p

The characteristic of OSA-patients depending on 
severity
(Charakterystyka pacjentów z o.b.ś. w zależności 
od ciężkości zespołu)

Severe 
OSAS  
vs control 
(Porówna-
nie cięż-
kiego o.b.ś. 
i kontroli)
p

Mild
(Łagodny)
n = 31

Moderate
(Umiarko-
wany)
n = 39

Severe
(Ciężki)
n = 67

Age (years)
(Wiek – 
lata)

50.69 ± 12.27 54.37 ± 9.83 0.060 52.67 ± 12.76 55 ± 7.96 54.92 ± 9.3 0.065

AHI/hr
(AHI/godz.)

2.14 ± 1.92 34.17 ± 21.77 < 0.001* 11.31 ± 2.47 21.83 ± 4.79 51.94 ± 17.45 < 0.001*

DI/hr
(DI/godz.)

2.98 ± 2.92 30.94 ± 24.02 < 0.001* 12.61 ± 14.54 19.77 ± 14.76 45.92 ± 22.53 < 0.001*

Adiponectin
µg/mL
(Adiponek-
tyna)

6.26 ± 4.22 6.85 ± 5.44 0.776 8.59 ± 7.47 6.24 ± 4.32 6.41 ± 4.80 0.991

Total  
cholesterol
mg/dL
(Cholesterol 
całk.)

212.19 ± 47.66 209.56 ± 44.52 0.813 211.67 ± 41.01 204.36 ± 42.03 211.6 ± 47.82 0.982

Triglicerids
mg/dL
(Trójglice- 
rydy)

195.69 ± 136.23 174.58 ± 102.55 0.554 153.96 ± 125.8 160.68 ± 77.59 192.77 ± 101.96 0.546

LDL-
cholesterol
mg/dL
(Cholesterol 
LDL)

130.14 ± 38.92 136.58 ± 41.46 0.335 133.25 ± 36.19 137.73 ± 44.09 137.53 ± 42.80 0.294

HDL
cholesterol
mg/dL
(Cholesterol 
HDL)

45.59 ± 13.50 45.12 ± 17.23 0.466 51.87 ± 20.27 42.55 ± 12.56 43.36 ± 17.45 0.185

CRP 4.09 ± 2.79 6.58 ± 6.52 0.058 4.23 ± 3.53 6.28 ± 7.66 7.73 ± 6.77 < 0.001*

A Mann-Whitney U test was used to compare values between two groups. Differences between samples were considered significant at 
p < 0.05. We showed mean values with standard deviation.

Do porównania wartości w 2 grupach użyto testu Manna-Whitneya. Podano wartości średnie z odchyleniem standardowym. Wyniki 
uznano za istotne statystyczne przy p < 0.05.
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We didn’t find any differences in adiponec-
tin levels between the control group and all OSAS 
patients (Table 1). Moreover, no correlations be-
tween adiponectin and either OSAS parameters or 
body composition parameters were revealed (Ta-
ble 3, part A). 

We observed that adiponectin levels were sig-
nificant lower in OSAS patients with diabetes 
than in OSAS patients without diabetes (2.64 vs. 
13.46 µg/mL, p = 0.003). So we decided to evalu ate 
adiponectin levels in OSAS patients without dia-
betes. No statistically significant differences were 
revealed in adiponectin levels between the con-
trol group and OSAS without diabetes (2.38 vs. 
7.90 µg/mL, p = 0.341). 

However, in OSAS patients without diabetes, 
we revealed many negative correlations between 
adiponectin levels and body composition pa-
rameters (including phase angle, TBW%, ICW%, 
FFM% and MM%) and triglycerides. The positive 
relationships were between adiponectin and CRP, 
ECW% and FM% (Table 3 part C).

Discussion 
The changes in body composition in OSAS 

patients, and especially the associations between 
body composition parameters and adipocytokines 
in this group of patients, have been almost unex-
amined. We didn’t find any previous studies in 
which the relationship between body composition 
and adiponectin was evaluated in OSAS.

The association between obesity and the pres-
ence of sleep-disordered breathing has been shown 
in many studies [2, 16]. Obesity and particularly 
central adiposity are potent risk factors for sleep 
apnea. They can increase pharyngeal collapsibili-
ty via mechanical effects on pharyngeal soft tissues 
and lung volume, and through central nervous sys-
tem – acting signaling proteins (adipokines) that 
may affect airway neuromuscular control [16].

Our research confirms the relation between 
OSAS and obesity. We showed a higher BMI in 
OSAS patients and a positive correlation between 
BMI and AHI (rs = 0.427, p < 0.001), but we didn’t 
want to analyze only BMI. The aim of our study 
was a better understanding of body composition 
changes and we revealed many of them. We showed 
that OSAS patients had lower ICW%, phase angle 
and higher ECW%. Moreover, the comparison of 
the control group to severe OSAS revealed smaller 

Table 2. The characteristic and comparison of body composition parameters in OSAS patients and control group

Tabela 2. Charakterystyka i porównanie parametrów składu ciała w grupie chorych z o.b.ś. i w grupie kontrolnej

Factor
(Czynnik)

Control  
group
(Grupa
kontrolna)
n = 42

ALL OSA
patients
(Wszyscy 
pacjenci 
z o.b.ś.)
n = 137

OSAS and  
control  
comparison
(Porównanie  
o.b.ś.  
i kontroli)
p

The characteristic of OSA-patients depend-
ing on severity
(Charakterystyka pacjentów z o.b.ś. 
w zależności od ciężkości zespołu)

Severe OSAS 
and control 
comparison
(Porównanie 
ciężkiego o.b.ś. 
i kontroli)
p

mild
n = 31

moderate
n = 39

severe
n = 67

BMI 30.04 ± 5.40 34.28 ± 7.91 < 0.001* 31.13 ± 6.33 32.63 ± 7.51 36.71 ± 8.12 < 0.001*

Phase 
Angle

5.88 ± 0.79 5.51 ± 1.22 0.010* 5.9 ± 0.93 5.49 ± 0.91 5.35 ± 1.46 0.001*

TBW% 48.54 ± 6.42 49.29 ± 7.96 0.622 51.01 ± 6.64 49.2 ± 6.8 48.59 ± 9.09 0.822

ECW% 46.56 ± 4.29 48.78 ± 6.39 0.012* 46.47 ± 4.71 48.66 ± 5.47 49.89 ± 7.32 0.001*

ICW% 53.43 ± 4.29 51.15 ± 6.40 0.011* 53.52 ± 4.71 51.26 ± 5.49 50.03 ± 7.32 0.001*

FM% 34.24 ± 9.39 34.43 ± 8.97 0.946 31.71 ± 9.5 33.92 ± 9.41 35.96 ± 8.25 0.511

FFM% 65.75 ± 9.39 65.87 ± 9.51 0.929 68.28 ± 9.5 67.04 ± 10.95 64.03 ± 8.26 0.511

MM% 43.13 ± 8.15 42 ± 9.93 0.408 47.37 ± 14.13 41.91 ± 8.24 39.65 ± 7.64 0.040*

TBW – total body water (całkowita zawartość wody), ECW – extracellular water (woda pozakomórkowa), ICW – intracellular 
water (woda wewnątrzkomórkowa), FM – fat mass (masa tłuszczowa), FFM – fat free mass (masa beztłuszczowa), MM – muscle 
mass (masa mięśniowa)
The Mann-Whitney U test was used to compare values between two groups. Differences between samples were considered sig-
nificant at p < 0.05. We showed mean values with standard deviation.
Do porównania wartości w dwóch grupach użyto testu Manna-Whitney’a. Podano wartości średnie z odchyleniem standardo-
wym. Wyniki uznano za istotne statystyczne przy p < 0.05.
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MM% in severe OSAS. The Spearman test showed 
positive correlations between AHI and ECW% and 
negative correlations between AHI and phase an-
gle, ICW% and MM%. 

Our observations, especially higher ECW% but 
lower ICW% in OSAS patients, could be connected 
with the conclusions of Redolfi et al. These authors 
suggest that overnight rostral fluid displacement 
from the legs could play a role in the development 
of OSAS independent of body weight [17]. We hy-
pothesize that the changes in body composition de-
scribed in our study may lead to easier fluid shift. 

We didn’t find correlations between adiponec-
tin serum levels and BMI or other body composition 

parameters. Our also study didn’t reveal any cor-
relation between adiponectin and CRP, triglycer-
ides, total cholesterol or any cholesterol fraction. 
However we observed significant lower adiponec-
tin levels in patients with diabetes, which confirms 
other studies [5]. 

Because of that, we decided to analyze adipo-
nectin levels only in OSAS patients without diabe-
tes. Thanks to this decision, we were able to reveal 
many correlations between body composition pa-
rameters and adiponectin. In these groups of pa-
tients, we showed negative correlations between 
adiponectin and phase angle, TBW%, ICW%, 
FFM% and MM%. The positive correlations were 

Table 3. The correlations between OSAS parameters, body composition and adiponectin levels

Tabela 3. Korelacje między stężeniem adiponektyny i parametrami zespołu bezdechu śródsennego oraz składu ciała

A. Adiponectin
µg/mL
(Adiponektyna)

B. AHI/hr
(AHI/godz.)

C. Adiponectin in OSAS 
patients without diabetes
(Adiponektyna u pacjentów 
z o.b.ś. bez cukrzycy)

rs p rs p rs p

AHI/hr  0.141 0.628 – –  0.050 0.530

DI/hr  0.087 0.765  0.828 < 0.001* –0.106 0.206

BMI  0.101 0.730  0.427 < 0.001*  0.029 0.724

CRP  0.063 0.830  0.321 < 0.001*  0.224 0.007*

Phase Angle
(Kąt fazowy)

 0.225 0.481 –0.305 < 0.001* –0.350 < 0.001*

TBW%  0.270 0.395 –0.081  0.318  –0.216 0.018*

ECW% –0.227 0.476  0.303 < 0.001*  0.348 < 0.001*

ICW%  0.106 0.741 –0.306 < 0.001*  –0.341 < 0.001*

FM% –0.274 0.388  0.093  0.251  0.205 0.023*

FFM%  0.274 0.388 –0.085  0.294  –0.213 0.018*

MM%  0.149 0.642 –0.211  0.009  –0.297 < 0.001*

Total cholesterol
mg/dL
(Cholesterol 
całkowity)

 0.281 0.329 –0.016  0.831  0.090 0.271

Triglycerides 
mg/dL
(Trójglicerydy)

 0.139 0.634  0.096  0.206 –0.258 0.002*

LDL-cholesterol
mg/dL
(Cholesterol LDL)

–0.09 0.761  0.060  0.426  0.103 0.225

HDL-cholesterol
mg/dL
(Cholesterol 
HDL)

0.107 0.726 –0.171 0.023* 0.118 0.164

A Spearman’s test was used to assess the correlations. The differences were considered significant at p < 0.05. 
Do badania korelacji zastosowano test Spearmana. Wyniki uznano za istotne statystyczne przy p < 0.05.
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observed between adiponectin and ECW% and 
FM%. These results were very surprising for us, be-
cause many authors indicate a negative association 
between adiponectin levels and obesity, especially 
the parameters of central obesity [7, 18, 19]. More-
over, Hung et al. showed, in a group of 1094 pa-
tients, that plasma adiponectin concentration was 
not only inversely correlated with body mass in-
dex, but also with blood pressure, triglycerides, 
glucose and fasting insulin, and positively corre-
lated with HDL cholesterol [19]. We could only 
confirm a negative correlation between adiponec-
tin and triglycerides in OSAS patients without di-
abetes (rs = –0.258, p = 0.0021). Promising studies 
in other diseases indicate the value of relationships 
between body composition parameters and select-
ed biomarkers. Eagan et al. revealed that in COPD 
patients, CRP and sTNF-R1 levels correlated with 
both FFMI and FMI, and higher FMI was associat-
ed with lower osteoprotegerin levels [20]. 

The relationship between phase angle and 
meta bolic syndrome has been evaluated in some 
studies. De Luis et al. revealed that obese women 
with low phase angle had a high fat mass and high 
level of glucose, HOMA, IL-6 and leptin. They 
suggest that a low phase angle could be treated as 
a new cardiovascular risk factor [21]. We showed 
that phase angle was lower in OSAS patients 
(p = 0.01) and decreased in patients with higher 
AHI (rs = –0.305, p < 0.001). This could be helpful 
in better understanding the correlations between 
OSAS and a higher risk of cardiovascular dis-
eases. Even so, we didn’t find any previous stud-
ies in which phase angle was evaluated in OSAS 
patients. 

Moreover, we showed a positive correlation 
between CRP and adiponectin levels in OSAS pa-
tients without diabetes (rs = 0.224, p = 0.007). 
These results were opposite to several studies in 
which the inverse relationship between adiponec-
tin levels and several inflammatory markers in-
cluding C-reactive protein had been confirmed. 
Ouchi and Walsh, in their review, indicate that 
adiponectin could be treated as an anti-inflam-
matory factor. The anti-inflammatory properties 
of adiponectin may be a major component of its 
beneficial effects on cardiovascular and metabol-
ic disorders including athe rosclerosis and insulin 
resistance [10]. Hung et al. suggested that higher 
circulating adiponectin levels may mitigate adi-
pose-related inflammation, insulin resistance and 
metabolic syndrome (MetS) as much in lean as in 
obese persons [19]. Our surprising results suggest 
that in OSAS patients without diabetes, the control 

of adiponectin serum level could be much more 
complicated and this requires further investiga-
tion. Moreover, the relationship between OSAS 
and adiponectin remains disputable. De Lima et al. 
demonstrated, in a relatively small group of obese 
patients with OSAS, a negative correlation be-
tween AHI and adiponectin levels. These authors 
also showed that CPAP treatment can reverse the 
decreased plasma adiponectin [22]. Wolk et al. re-
ported contrasting results. They observed elevat-
ed adiponectin levels in otherwise healthy patients 
with OSAS, which suggested that low adiponec-
tin is unlikely to explain the association between 
OSAS and cardiovascular diseases [23]. Tokuda et 
al., in 68 Japanese men, did not find a correlation 
between serum adiponectin levels and AHI or the 
percentage of time with less than 90% hemoglo-
bin saturation level in total sleep time (%T < 90), 
but these authors showed only a positive correla-
tion with age (rs = 0.361, p = 0.005) and HDL-cho-
lesterol level (rs = 0.274, p = 0.039). This suggests 
that serum adiponectin level may be regulated in-
dependently of the degree of OSAS [4]. We didn’t 
find any correlations between adiponectin levels 
and OSAS parameters.

Although BIA is reliable method of body com-
position measurement, we realize that BIA could 
have a few limitations. Some authors suggest that 
in obese patients (especially with BMI > 34), extra-
cellular water and fat-free mass may be overesti-
mated and fat mass underestimated [15]. More-
over, in our group with OSAS, there were patients 
with many comorbidities, which could have an in-
fluence on the results achieved, but on the other 
hand, in OSAS, the higher incidence of many car-
diovascular diseases is well known [24].

We hope that our study will be helpful in bet-
ter understanding the changes in body composi-
tion and in adiponectin levels in OSAS patients. 
This problem has not been examined and de-
scribed well enough till now. In our opinion, we 
demonstrate a very detailed work with complicat-
ed statistical analysis, based on a relatively high 
number of patients. 

The authors have concluded that their results 
indicate that in OSAS patients there are many 
changes in body composition. The most inter-
esting are higher BMI, TBW%, EW% and lower 
BCM%, IW%, MM% and phase angle. The results 
suggest that OSAS does not influence adiponectin 
level, but adiponectin levels are lower in patients 
with diabetes. Adiponectin levels correlate with 
many body composition parameters in OSAS pa-
tients without diabetes. 
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