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Background

Obstructive sleep apnea syndrome (OSAS) is a disorder 
characterized by repetitive obstructions of the upper airway 
with a prevalance of 2-4% (1-3). Repetitive pauses of airflow 
cause a reduction in oxygen saturation (4). OSAS is usually 
associated with obesity, increased cardiovascular disease, 
hypertension, dyslipidemia and diabetes mellitus (5-7).

Adipocytes  secrete numerous molecules  cal led 
adipocytokines which are suspected to have a role in the 
pathogenesis of metabolic syndrome (MS) (8). Vaspin and 
lipocalin-2 are the two members of this adipocytokine 
family. A serine protease inhibitor, vaspin is an insulin-

sensitizing adipocytokine. An increase in serum vaspin levels 
was suggested to be a compensatory response to antagonize 
the activity of the proteases expressed in insulin resistance 
and obesity. In another words, a high vaspin level has a 
defensive effect against insulin resistance (9).

Lipocalin-2 was reported to be associated with obesity 
and insulin resistance in humans and rats (10). Similarly, 
an association between lipocalin-2 and MS, dyslipidemia, 
hyperinsulinemia and hyperglycemia was also reported. 
Lipocalin-2 levels were found higher in patients with 
coronary heart disease (11). 

Studies on vaspin and lipocalin-2 pointed out the 
importance of these molecules for a better understanding 
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of MS and its components. Recently, Kim et al. suggested 
that the presence of OSAS even in nonobese individuals 
was significantly associated with impaired glucose 
metabolism, which can be responsible for future risk for 
diabetes and cardiovascular disease (12). So, we wondered 
how vaspin and lipocalin-2 levels, which are closely related 
with glucose metabolism alter in patients with OSAS 
who have an increased glucose intolerance and obesity 
incidence. Therefore, in this study we aimed to measure 
the levels of vaspin and lipocalin-2 which are secreted 
from adipocytes in patients with severe OSAS and examine 
the relationship between these two adipocytokines and 
OSAS.

Materials and methods

Study group

Patients were selected from polysomnography (PSG) studies 
at Bezmialem Foundation University Sleep Laboratory in a 
duration of nine months. Patients whose ages were between 
25 and 65 with recently diagnosed severe OSAS with an 
apnea-hypopnea index (AHI) >30/h and healthy volunteers 
with an AHI <5/h were included into our study. Patients 
with diabetes mellitus, malignancy, chronic renal disease, 
chronic liver disease, psychiatric disorders, uncontrolled 
hypertension, coronary artery and cerebrovascular disease, 
patients with sleep disorders other than OSAS such as 
upper airway resistance syndrome, periodic leg movement 
syndrome, or narcolepsy and pregnants were excluded from 
the study. All volunteers underwent a thorough pysical 
examination and their height, weight, waist circumference 
and neck circumference were recorded. Weight and height 
were measured to the nearest kilogram and centimeter, 
respectively, and body mass index (BMI) was calculated  
[BMI = weight/(height)2]. Neck circumference was 
measured at the cricothyroid level, waist circumference 
in the middle between the 12th rib, and the iliac crest by 
a measure tape. Fasting glucose level, urea, creatinine, 
triglycerides, total cholesterol, low-density lipoprotein 
cholesterol (LDL-C), high-density lipoprotein cholesterol 
(HDL-C), fasting serum insulin level, HbA1c (glycated 
hemoglobin), complete blood count, free T3, free T4 and 
TSH were analyzed in all subjects. Serum of subjects was 
stored at –80 ℃ in order to measure vaspin; lipocalin-2 
levels. A written consent from all subjects and the approval 
of the ethics committee of the Foundation University of 
Bezmialem were obtained.

Polysomnography (PSG)

A Compumedics E 3142 PSG device was used (Compumedics 
Inc., Melbourne, Australia). PSG findings were evaluated 
based on the guidelines published by American Academy of 
Sleep Medicine (AASM) in 2007, and the diagnosis of OSAS 
was confirmed (13). The average number of episodes of 
AHIwas calculated. Apnea was defined as complete cessation 
of airflow ≥10 s. Hypopnea was defined as a reduction of 
more than 50% of three respiratory signals, airflow signal 
or either respiratory or abdominal signals of respiratory 
inductance plethysmography, with an associated decrease of 
≥3% in oxygen saturation or an arousal. OSAS was defined 
as an AHI  ≥5/h with associated symptoms (sleep attacks 
or excessive daytime sleepiness), unsatisfying sleep, fatigue 
or insomnia, or heavy snoring and/or breathing pauses 
reported by the subject’s partner or an AHI ≥15/h regardless 
of associated symptoms. OSAS was defined as an AHI of  
≥5/h plus clinical symptoms. Patients with an AHI of  
≥30/h were included in OSAS group (patients with severe 
OSAS, n=34) and subjects with an AHI of <5/h were included 
in control group (normal controls, n=25). The PSG data was 
scored by three investigators.

Blood assay

Serum of all subjects was obtained from the venous blood 
samples taken in tubes with gel seperator between 08:00-
09:00 hours in the morning after an average of 12 hours 
of fasting by centrifugation 3,600 rev/min for 10 minutes. 
The homeostasis model assessment insulin resistance 
index (HOMA-IR), as a measure of insulin sensitivity, was 
calculated as fasting insulin concentration (μu/mL) × fasting 
glucose concentration (mmol/L)/22.5 (14). 

Serum of the subjects for the measurement of vaspin and 
lipocalin-2 was transferred into eppendorf tubes and stored 
at –80 ℃ until the day of the analysis. On the study day, 
vaspin ve lipocalin-2 levels were measured from the samples 
reached room temperature using a commercial enzyme 
immunoassay kit (Biovendor, Modrice, Czech Republic) 
according to the manufacturer’s instructions in an analyzer 
brand named Thermo Scientific Multiskan FC (USA). 
Samples were measured in duplicate, and the average was 
used in the data analysis. 

Statistical analysis

Statistical Package for Social Sciences (SPSS) for Windows 
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20.0 software was used to perform the statistical analysis of 
the data. The continuous variables were expressed as mean 
± standard deviation. One sample Kolmogrov-Sminov test 
was done to see if the continuous independent variables were 
normally distributed. Normally distributed independent 
continuous variales were compared student t-test whereas 
non-normally distributed independent continuous variables 
were compared with Mann-Whitney U test between two 
groups. Chi-square test was used for categorical variables. 
Bivariate correlation analyses were done by Spearman’s test. 
A P value<0.05 was considered statistically significant.

Results

A total of 59 participants (34 from severe OSAS group 

of whom 8 were women; 25 from healthy volunteers of 
whom 10 were women) completed the study. There was no 
statistical difference between OSAS group (patients with 
severe OSAS group; AHI =49.4±23.1 events/h of sleep) and 
control group (Healthy volunteers; AHI =2.32±1.26 events/h  
of sleep) by means of sex, age, BMI, (P=0.175, P=0.286, 
P=0.31, respectively) (Table 1). There was no difference 
between OSAS group and control group in terms of 
lipocalin-2 levels while vaspin levels were found to be lower 
in OSAS group (P=0.34) (Table 1). Fasting serum insulin 
levels in OSAS group were significantly higher (P=0.045). 
There was no difference between the two groups in terms 
of fasting glucose, triglycerides, total cholesterol, LDL-C, 
HDL-C, HbA1c and HOMA-IR (Table 1).

The correlation between vaspin and lipocalin-2 levels 

Table 1 Comparison of anthropometric and biochemical characteristics of two groups

Group A: OSAS patients  

(n=34) Mean ± SD

Group B: normal controls  

(n=25) Mean ± SD
P

Type of  

distribution

Age (years) 44.82±9.03 42.4±7.81 0.286 ND

BMI (kg/m2) 31.44±3.97 29.88±6.77 0.310 ND

Waist circumference (cm) 96.29 ±5.88 90.96±9.76 0.020 ND

Neck circumference (cm) 40.03±4.65 37.80±4.29 0.065 ND

Vaspin (ng/mL) 0.690±0.499 1.237±1.134 0.034 ND

Lipocalin-2 (ng/mL) 61.56±18.21 68.53±20.10 0.170 ND

Insulin (mU/L) 16.99±8.41 12.39±8.66 0.045 ND

HOMA-IR 4.10±2.16 3.05±2.98 0.128 ND

HbA1c (%) 5.53±0.33 5.37±0.33 0.063 ND

Fasting glucose (mg/dL) 96.06±10.21 92.52±10.07 0.191 ND

Total cholesterol (mg/dL) 206.85±40.36 200.8±34.6 0.550 ND

Triglyceride (mg/dL) 120.3±45.8 105.5±21.1 0.139 ND

LDL-C (mg/dL) 141.9±34.7 129.7±34.6 0.188 ND

HDL-C (mg/dL) 46.24±8.66 49.84±6.94 0.092 ND

AHI 50.31±21.76 2.32±1.26 0.001 NND

Apne index 24.42±19.12 1.05±0.60 0.001 NND

Desaturation index 4.56±2.38 3.04±0.53 0.001 ND

Low saturation 77.82±11.82 90.68±3.40 0.001 NND

REM AHI 25.59±22.70 5.81±4.70 0.001 NND

Central apnea 1.21±1.60 0.43±0.28 0.035 NND

ESS score 11.41±6.15 9.36±6.72 0.172 ND

Mean ± SD, mean ± standard deviation; OSAS, obstructive sleep apnea syndrome; BMI, body mass index; HOMA-IR, 

homeostasis model assesment insuline resistance; HbA1c, glycated hemoglobin; LDL-C, low-density lipoprotein cholesterol; 

HDL-C, high-density lipoprotein cholesterol; AHI, apnea hypopnea index; REM AHI, rapid eye movements apnea hypopnea index; 

ESS, epworth sleepiness score.
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and anthropometric and biochemical characteristics of the 
patients with severe OSAS was also evaluated. A significant 
negative correlation between vaspin levels and central 
apnea index was found. A positive correlation was also 
found between serum levels of vaspin and lipocalin-2 but 
this correlation has not reached statistical significance. 
Finally, a significant positive correlation was found between 
triglyceride levels and lipocalin-2 levels in patients with 
severe OSAS (Tables 2,3). PSG results of each group were 
presented in Table 1.

 

Discussion

Vaspin and lipocalin-2 are recently identified members 
of adipocytokine family. In this study we measured serum 

levels of vaspin and lipocalin-2 in patients with OSAS which 
was found to be closely associated with obesity and insulin 
resistance. We also aimed to investigate the relationship 
between these adipocytokines and sleep and metabolic 
characteristics. Study groups included into our study did 
not differ in terms of sex, age, BMI, HOMA-IR, HbA1c, 
and neck circumference. Only waist cimcumference was 
significantly higher in OSAS group compared with healthy 
volunteers. We postulated that a linear association might 
exist between severity of OSAS and serum vaspin and 
lipocalin-2 levels so we included severe patients with AHI 
≥30 events /h of sleep expecting more prominent results.

We failed to find a research paper analyzing vaspin and 
lipocalin-2 in patients with OSAS. Relatively few studies 
with other adipocytokines exist. In this study we report a 

Table 2 Correlations between vaspin and anthropometric, 
biochemical and sleep characteristics of OSAS patients

r P value

Age 0.253 0.149

BMI 0.225 0.201

Waist circumference 0.257 0.143

Lipocalin-2 –0.289 0.097

Insulin –0.010 0.940

HOMA-IR –0.043 0.747

HbA1c –0.006 0.962

Fasting glucose –0.135 0.309

Total cholesterol –0.036 0.841

Triglyceride –0.153 0.388

LDL-C –0.131 0.460

HDL-C 0.047 0.790

AHI 0.155 0.381

Apneaindex –0.236 0.179

Desaturationindex –0.027 0.880

Minimum SpO2 –0.024 0.889

REM AHI –0.185 0.327

Central apnea index –0.437 0.042

ESS –0.129 0.468

OSAS, obstructive sleep apnea syndrome; BMI, body 

mass index; HOMA-IR, homeostasis model assessment 

insulin resistance HbA1c, glycated hemoglobin; LDL-C, 

low-density lipoprotein cholesterol; HDL-C, high-density 

lipoprotein cholesterol; AHI, apne hipopne index; REM AHI, 

rapid eye movements apnea hypopnea index; ESS, epworth 

sleepiness score.

Table 3 Correlations between lipocalin-2 and anthropometric, 
biochemical and sleep characteristics of OSAS patients

r P value

Age 0.015 0.931

BMI 0.112 0.529

Waist circumference 0.158 0,373

Vaspin –0.289 0.097

Insulin 0.115 0.517

HOMA-IR –0.059 0.659

HbA1c 0.084 0.526

Fasting glucose 0.091 0.494

Total cholesterol –0.027 0.880

Triglyceride 0.485 0.004

LDL-C –0.023 0.895

HDL-C –0.220 0.211

AHI –0.075 0.674

Apnea index 0.267 0.167

Desaturation index 0.175 0.322

Minimum SpO2 0.136 0.443

REM AHI 0.191 0.311

Central apnea index –0.156 0.487

ESS –0.073 0.680

OSAS, obstructive sleep apnea syndrome; BMI, body 

mass index; HOMA-IR, homeostasis model assessment 

insulin resistance HbA1c, glycated hemoglobin; LDL-C, 

low-density lipoprotein cholesterol; HDL-C, high-density 

lipoprotein cholesterol; AHI, apne hipopne index; REM AHI, 

rapid eye movements apnea hypopnea index; ESS, epworth 

sleepiness score.
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significantly lower vaspin level in OSAS patients.
 Previous studies showed a correlation between high 

serum vaspin level and obesity and high insulin resistance 
(15,16). However, this correlation between high serum 
vaspin level and obesity and high insulin resistance 
deteriorated in patients with uncontrolled type 2 diabetes 
and it was shown that serum vaspin levels decreased in these 
patients (15). Byung-Joon Ko et al. evaluated prepubertal 
168 boys vs. 178 girls and found that serum vaspin levels 
increased significantly in subjects with obesity and high 
HOMA-IR (16). In our study groups were similar in terms 
of obesity and HOMA-IR leading a better assesment of 
effects of OSAS on vaspin levels. 

Wang et al. compared 192 patients with OSAS and 144 
healthy controls in terms of serum levels of omentin-1 
which is an important member of the adipokine family and 
found significantly lower levels of omentin-1 in patients 
with OSAS (17). Recurrent episodes of hypoxia in OSAS 
lead to the release of various adhesion molecules and 
levels of inflammatory markers such as TNF, IL-6, CRP 
increases (18). Previously, it was shown that omentin-1 
levels decreased in proinflammatory states (19). The finding 
that omentin-1 levels decreased in OSAS patients may 
be attributed to the secretion of these proinflammatory 
markers in OSAS. Similarly, recurrent episodes of hypoxia 
and increased oxidative stress may have led to a lower serum 
vaspin level in our study.

Trakada et al. compared severe OSAS patients with 
healthy controls in terms of serum visfatin levels, an another 
member of the adipocytokine family and found no difference 
among two groups. They also found a higher HOMA-IR 
and insulin levels in severe OSAS patients compared with 
healthy controls (20). Similarly, Makino et al. compared 230 
patients with mild, moderate and severe OSAS patients in 
terms of levels of an another adipocytokine, adiponectin and 
insulin resistance. Adiponectin was shown to have an insulin 
resistance lowering effect and was found to be decreased in 
patients with obesity and high insulin resistance (21). While 
they found increased HOMA-IR levels in severe OSAS 
patients, they found no difference in terms of adiponectin 
levels among these three groups (22). In these studies, the 
compared groups differed in terms of insulin resistance 
which may have confounded the effects of OSAS on these 
markers. In our study, HOMA-IR levels were similar in 
both two groups, severe OSAS group and healthy controls 
group.

In our study a significant negative correlation between 
vaspin levels and central apnea index was found. If this 

finding is supported by larger studies, vaspin may reveal 
itself as a valuable marker in suspecting a high central apnea 
index. 

There was no significant difference among patients with 
OSAS and healthy controls in terms of serum levels of 
lipocalin-2 in our study. No study investigated lipocalin-2 
levels in OSAS before but there are studies showing higher 
lipocalin-2 levels with higher BMI and insulin resistance 
and lower levels of lipocalin-2 in patients under treatment 
reducing insulin resistance such as thiazolidinediones 
(23,24). This difference may be attributed to different 
underlying pathophysiological mechanisms leading to 
obesity, insulin resistance and OSAS. Our finding of an 
inverse relationship between lipocalin-2 and triglycerides is 
coherent with the findings of previous studies.  

The limitation of our study included small sample size, 
exclusion of patients with mild and moderate OSAS, lack 
of measurement of serum vaspin and lipocalin-2 levels after 
continuous positive airway pressure (CPAP) treatment. 

Conclusions

In conclusion, we found that serum vaspin levels were lower 
in severe OSAS patients compared to healthy controls and 
lipocalin-2 levels did not differ among these groups. The 
decrease in serum vaspin levels in severe OSAS patients may 
be important in diagnosis and follow-up of these patients. A 
study investigating the change in vaspin levels after CPAP 
treatment may yield important results. Further studies with 
a larger sample are needed to confirm our results.
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