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Abstract

Background Obstructive sleep apnea has been linked

with metabolic syndrome characterized by dyslipidemia,

dyscoagulation, hypertension, and diabetes mellitus type 2

and their cardiovascular consequences. This study was

designed to determine the effects of 8 weeks of therapy

with continuous positive airway pressure (CPAP) on

insulin resistance, glucose, and lipid profile, and the rela-

tionship between leptin and insulin-resistance parameters

in patients with moderate-to-severe obstructive sleep

apnea.

Methods In 44 patients, serum cholesterol, triglycerides,

high-density lipoprotein, low-density lipoprotein, very low-

density lipoprotein, leptin, and insulin parameters were

measured at baseline and after 8 weeks of CPAP. Insulin

resistance index was based on the homeostasis model

assessment (HOMA-IR) method. Insulin sensitivity

(HOMA-S) and insulin secretion capacity (HOMA-b) also

were calculated. Thirteen patients were excluded from

statistical analyses due to noncompliant CPAP usage

(\4 h night-1).

Results In 31 patients who used CPAP for C4 h night-1,

CPAP therapy reduced total cholesterol (P \ 0.05),

low-density lipoprotein (P \ 0.05), and leptin (P \ 0.05).

Circulating leptin levels showed significant correlation

with both HOMA-S and HOMA-IR at baseline and follow-

up (P = 0.03 for all). In addition, there was no correlation

between HOMA-IR and the severity of sleep apnea, which

was shown by apnea-hypopnea index.

Conclusions In patients with moderate-to-severe obstruc-

tive sleep apnea, compliant CPAP usage may improve

insulin secretion capacity, reduce leptin, total cholesterol,

and low-density lipoprotein levels. Leptin showed signifi-

cant relationship with insulin resistance, and this relationship

remained after 8 weeks of CPAP therapy.

Keywords Sleep apnea � Leptin � Insulin resistance �
Continuous positive airway pressure � Lipid

Introduction

Obstructive sleep apnea syndrome (OSAS) is a major

public health problem because of its high prevalence

besides its cardiovascular and metabolic consequences.

The prevalence within the general population is frequently

given as 2–4% of adult men and 1–2% of adult women

[1, 2]. Although obstructive sleep apnea has been mostly

treated as a ‘‘local abnormality’’ of the upper airways,

accumulating evidence underlines its systemic aspects.

A number of recent studies suggested the possibility that

sleep apnea is a manifestation of the metabolic syn-

drome, i.e., dyslipidemia, dyscoagulation, hypertension and

diabetes mellitus type 2, and their cardiovascular conse-

quences [3, 4]. Furthermore, it has become clearer that the

role of obesity in the genesis of sleep apnea is through its

metabolic activity as well as its anatomic/mechanical

impact. Indeed, OSAS shows a strong correlation with
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obesity and obesity-related variables, such as body mass

index (BMI) [5], neck circumference [6], and visceral fat

deposition [7]. Especially, visceral obesity, which is among

the characteristic features of OSAS, is associated with

insulin resistance. Insulin resistance, as indicated by an

impaired biological response to insulin and eventually a

reduction of insulin-mediated glucose utilization [8], is

considered to be a key component of metabolic and car-

diovascular disorders [9, 10]. Because obesity is

recognized as an important risk factor with chance of

reversibility for OSAS and is thought to affect the respi-

ratory control system, control of body weight is clinically

important in the management of the disease.

Leptin, the obese (ob) gene product, is a versatile

16 kDa peptide hormone secreted by adipocytes [11].

Leptin induces a complex response, including control of

body weight and energy expenditure after interaction with

specific receptors located in hypothalamus and in periph-

eral tissues [12]. Previous studies showed that circulating

leptin levels are positively correlated with the severity of

the disease in patients with OSAS independent of age and

BMI [13, 14]. Furthermore, both short-term (3–4 days) and

long-term (3 months) CPAP treatment significantly

decreased leptin levels in patients with OSAS [15, 16].

Higher leptin concentrations in patients with OSAS may

contribute to disease pathophysiology in several ways. It

has been demonstrated in animal studies that chronic hy-

perleptinemia could promote blood pressure elevation [17]

and platelet aggregation, together with arterial thrombosis

[18]. These observations raise the possibility that leptin

may have a role in development of hypertension and car-

diovascular disease in patients with OSAS. The

relationship between leptin and insulin seems to be more

complex. Although a direct effect of insulin on ob mRNA

could not be demonstrated in isolated rat adipocytes [19],

insulin provoked a dose-dependent increase in leptin in

cultured human fat cells [20]. Prolonged exposure to

insulin increases plasma leptin concentrations both in vivo

and in vivo, implying a role for insulin in chronic leptin

regulation [12]. However, no post-prandial increase in

serum leptin was observed, and 24-h profiles of circulating

leptin were not correlated with insulin levels. It remains to

be clarified whether elevated leptin is a cofactor in the

induction of insulin resistance or vice versa in OSAS.

The purpose of this study was to examine whether serum

leptin levels is associated with insulin resistance in the

presence of sleep apnea and whether the nasal CPAP

treatment has an impact on insulin resistance and circu-

lating leptin levels in patients with OSAS. We

hypothesized that reduction in circulating leptin levels and

insulin resistance under CPAP treatment may explain the

interaction between the two parameters when BMI is

similar before and after treatment.

Methods

Study Population and Initial Assessments

The study population consisted of 44 (27 men) patients

with OSAS who were examined by using digital poly-

somnography. All patients were free from diabetes mellitus

type 2 and other known metabolic disorders, respiratory

infection, heart diseases, and other respiratory disorders at

the time of polysomnography. None of the patients were

taking antihyperlipidemic, antihypertensive, or other drug

treatments. They were asked to complete the Epworth

Sleepiness Scale and a questionnaire about sleep symptoms

and medical history. Diagnosis of OSAS was established

on the basis of clinical and polysomnographic criteria. The

average number of episodes of apnea and hypopnea per

hour of sleep was calculated and expressed as apnea-

hypopnea index (AHI). In addition to clinical symptoms,

AHI [ 15 was used as inclusion criterion. Liver function

tests, renal function tests, and thyroid function tests were

performed to determine comorbid disorders. Circulating

total cholesterol, triglyceride, high-density lipoprotein

(HDL), and low-density lipoprotein (LDL) measurements

also were performed by enzymatic methods using com-

mercial kits as standard evaluations.

Overnight polysomnography (Somnologica, Flaga,

Iceland) was performed between 11 p.m. and 7 a.m. Pol-

ysomnography consisted of simultaneous recordings of two

channels EEG (C3A2 and C4A1), left and right electro-

oculography, and chin electromyography from surface

leads for sleep stating. In addition, air flow from nasal

cannula, thoracic and abdominal strain gauges for respi-

ratory effort, tracheal microphone for snoring, pulse

oximetry for oxyhemoglobin level, and sensor for body

position during sleep were used. Sleep staging and respi-

ratory event scoring were performed manually according to

standard criteria [21]. Obstructive apnea was defined as a

cessation of airflow for at least 10 seconds and obstructive

hypopnea as a decrease of the airflow signal amplitude by

at least 50% accompanied by oxyhemoglobin desaturation

of at least 3% or by an arousal.

CPAP Treatment

Automatic titration of the CPAP pressure (AutoSet spirit,

ResMed Corp., California, USA) was performed during a

subsequent night in the sleep laboratory under polysom-

nographic control and monitorization by a trained sleep

laboratory technician. For each patient, an average CPAP

pressure at which most of the apneas, hypopneas

(AHI \ 10 events h-1) and snoring were abolished in all

body positions was determined. After the CPAP titration

night, patients who were willing to accept the treatment
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were advised to use CPAP every night at the effective fixed

pressure mode and to keep their diet and physical activity

constant until metabolic studies were repeated at the end of

8 weeks. After the treatment period, all patients returned

for clinical assessment and biochemical analyses. Com-

pliance was measured electronically using a smartcard

embedded in the CPAP machine. Data of 13 participants

were excluded from statistical analysis because they show

poor compliance to CPAP treatment.

Serum Leptin Measurements

Blood samples for leptin measurements were collected into

ehtylendiamine tetra acetic acid (EDTA)-coated polypro-

pylene tubes kept on ice, at 07:30 hour after an overnight

fast. Tubes were centrifuged immediately at 1800 9 g for

20 min at 0�C, and the clear plasma supernatant was then

stored until leptin levels were measured using an enzyme-

linked immunosorbent assay (ELISA) kit (Human Leptin

kit Code: RD191001100, Biovendor Laboratory Medicine,

Czech Republic). All plasma samples were analyzed in

duplicate and in the same batch.

Insulin Resistance

Insulin resistance was calculated by homeostasis assess-

ment model (HOMA) as described previously in a

representative Turkish adult group [22]. The HOMA is a

mathematical model that allows values for insulin sensi-

tivity and b-cell function (expressed as a percentage of

normal) to be obtained if simultaneous fasting plasma

glucose and fasting insulin concentrations are known [23].

According to that model, insulin resistance is estimated by

the following formula: [fasting serum glucose (mmol/l) 9

fasting serum insulin (lU/ml)]/22.5. Insulin resistance in

white southern Europeans has been defined as a HOMA

score[3.99 [24]. Because insulin secretion is pulsatile and

the optimal sample should be the mean of three results at 5-

min intervals, we collected 0-, 5-, and 10-min samples for

calculation. Fasting insulin was determined with electro-

chemiluminiscence immunoassay kits (Elecsys) on Roche

Elecsys 1010/2010 (Roche Diagnostics GmbH, Germany),

and plasma glucose was measured by glucose oxidase

method on a Beckman autoanalyzer.

Statistical Analysis

The results are expressed as mean ± standard deviation

(SD). BMI, circulating lipid parameters, insulin resistance

parameters, and leptin levels were compared between

conditions before and after CPAP using Wilcoxon test.

Comparisons before and after CPAP included the data of

31 participants. The relationship between circulating leptin

levels and insulin resistance parameters was tested by using

Spearman correlation statistics. P [ 0.05 was accepted as

statistically significant.

Results

General baseline characteristics of study group are given in

Table 1. There is no statistical differentiation between

CPAP compliant and CPAP noncompliant patient’s char-

acteristics (n:13). The mean age, BMI, Epworth score, and

AHI of noncompliant patients were 52.9 ± 12.3, 32.6 ±

4.1, 12.3 ± 6.1, and 41.3 ± 21.2, respectively. Sixteen

patients (36%) had moderate sleep apnea (15 \ AHI \
30), whereas 28 (63%) patients had severe OSAS (AHI [
30). Mean CPAP pressure established by automatic titra-

tion was 7.8 ± 2.6 cmH2O. Comparisons of before and

after CPAP therapy parameters are shown in Table 2.

There was no statistically significant change in BMI after

8-week CPAP therapy. Subjective sleepiness score, asses-

sed by Epworth Sleepiness Scale, was significantly

reduced, which may show the effectiveness of CPAP

therapy. Considering the blood lipid profile, cholesterol

and low density lipoprotein levels were significantly

reduced after CPAP treatment. Change in insulin resistance

parameters are given in Table 3. Only statistically signifi-

cant change was observed in HOMA-b levels after CPAP

therapy. HOMA-b is a factor that shows insulin secretion

capacity. Thus, these results may suggest that 8-week

CPAP treatment increased insulin secretion capacity in

OSAS patients. Circulating glucose and insulin levels

showed no significant alterations.

Figure 1A and B shows, in the whole study group, cir-

culating leptin levels correlated with insulin resistance

(HOMA-IR) at pretreatment evaluation (r = 0.41, P =

0.03) as well as at posttreatment evaluation (r = 0.45,

P = 0.03), respectively. In addition, leptin levels were

correlated with HOMA-S (Table 4). Finally, we were

unable to find a relationship between the severity of OSAS

and insulin resistance (Fig. 2).

Table 1 General baseline characteristics of study group (n = 44)

Variable Mean ± SD Range

Age (year) 53.9 ± 9.7 28–76

BMI (kg/m2) 32.3 ± 4.7 26–44

ESS score 11.2 ± 5.7 3–24

AHI (h-1) 43 ± 21 16–90

ODI (h-1) 44 ± 25 9–113

ESS Epworth Sleepiness Scale, AHI apnea-hypopnea index, ODI
oxyhemoglobin desaturation index

Lung (2009) 187:75–81 77

123



Discussion

This study demonstrated that 8-week CPAP therapy

reduced leptin, total cholesterol, and LDL cholesterol

levels and increased insulin secretion capacity in patients

Table 2 Comparisons of clinical and biochemical parameters after 8 weeks CPAP treatment

n = 31 Before CPAP After CPAP

Variable Mean ± SD Range Mean ± SD Range

BMI (kg/m2) 32.3 ± 4.7 26–44 32.2 ± 4.9 26–44

ESS score* 11.3 ± 5.7 3–24 0.8 ± 1.6 0–8

Leptin (ng/ml*) 26.11 ± 19.21 3.6–55.68 21.28 ± 14.88 3.4–48.31

Triglyceride (mg/dl) 178 ± 161 60–1069 175 ± 83 66–415

Cholesterol (mg/dl*) 220 ± 47 150–375 199 ± 38 130–278

HDL (mg/dl) 46 ± 11 30–77 45 ± 11 28–86

LDL (mg/dl*) 139 ± 38 76–253 125 ± 31 58–185

VLDL (mg/dl) 34 ± 14 8–88 30 ± 12 15–71

CPAP continuous positive airway pressure, BMI body mass index, ESS Epworth Sleepiness Scale, HDL high-density lipoprotein, LDL low-

density lipoprotein, VLDL very low-density lipoprotein

* P \ 0.001

Table 3 Comparison of insulin resistance parameters after 8 weeks

CPAP treatment

n = 31 Before CPAP After CPAP

Variable Mean ± SD Range Mean ± SD Range

Glucose

(mol/l)

5.42 ± 1.01 3.74–8.69 5.13 ± 1.00 3.89–9.02

Insulin (mU/

l)

13.98 ± 7.23 3.9–34.77 14.36 ± 6.97 4.67–30.57

HOMA-b
(%*)

149.5 ± 60.4 77.2–359 173.9 ± 73.7 55.0–363.9

HOMA-S

(%)

36.3 ± 21 10.9–100.2 37.8 ± 26.6 12.4–142.4

Insulin

resistance

3.65 ± 1.91 1–9.17 3.61 ± 1.80 0.70–8.06

CPAP continuous positive airway pressure, HOMA Homeostasis

Model Assessment, HOMA-b insulin secretion capacity, HOMA-S
insulin sensitivity

* P \ 0.05

Leptin (ng/ml)
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BFig. 1 Relationship of

circulating leptin levels and

insulin resistance in sleep apnea

before (a) and after (b) 8-week

CPAP treatment. Spearman

correlation analysis included the

data of 31 participants

Table 4 Simple correlations between circulating leptin levels and

parameters of insulin resistance before and after 8-week CPAP

treatment

Before treatment leptin After treatment leptin

r P value r P value

HOMA-b 0.13 0.49 0.36 0.09

HOMA-S -0.41 0.03 -0.45 0.03

HOMA-IR 0.41 0.03 0.45 0.03

CPAP continuous positive airway pressure, HOMA Homeostasis

Model Assessment, HOMA-b insulin secretion capacity, HOMA-S
insulin sensitivity
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with moderate-to-severe OSAS. In addition, circulating

leptin levels were significantly correlated with insulin

resistance and insulin sensitivity. These relationships

remained after 8-week CPAP therapy. Previous studies

showed that insulin sensitivity assessed by hyperinsuline-

mic clamp technique was negatively correlated with leptin

levels. Eventually, serum leptin levels are higher in insulin-

resistant men [25]. We have confirmed these observations

in a subgroup of OSAS population. CPAP therapy lead to

16% increase for insulin secretion capacity (HOMA-b),

which is comparable with previous findings that reported a

38% decrease for insulin resistance (HOMA-IR) after 8-

weeks of CPAP [26] and a 24% increase for insulin sen-

sitivity after 3 months of CPAP therapy [27]. In a recent

study, Comondore et al. demonstrated similar results for

improvement in insulin resistance and insulin levels by

short-term CPAP therapy in minimally symptomatic

patients with OSAS [28]. Finding improved insulin sensi-

tivity without a concomitant change in body weight

suggests that OSAS has an independent effect on insulin

resistance. In this study, there was no significant change in

BMI by CPAP therapy. It is well-established that leptin is

essential to the normal regulation of body weight and

energy expenditure. Levels of circulating leptin correlate

with indexes of adiposity, including body fat mass, BMI,

and percentage of body fat [29]. OSAS patients have ele-

vated leptin concentrations. The higher leptin levels may

contribute to preferential fat deposition (i.e., subcutaneous

vs. visceral), which may predispose patients to develop

OSAS. However, elevated leptin concentrations in patients

with OSAS decrease by CPAP independently of changes in

body weight [30], suggesting that other mechanisms (such

as insulin sensitivity) apart from fat mass could be

interrelated with increased leptin levels. It is known that

leptin may regulate insulin release as part of an adipoin-

sular feedback [31]. On the other hand, insulin resistance

has been shown to increase leptin secretion independent of

body fat mass [32]. In our study, circulating leptin level

was significantly correlated with insulin resistance before

and after CPAP treatment.

Dyslipidemia, an established independent risk factor for

coronary heart disease and atherosclerosis, is common in

patients with OSAS. Blood lipid profiles in OSAS have not

been widely studied. Buechner et al. [33] studied the

effects of therapy on dyslipidemia in OSAS and found in

95 patients that total cholesterol and LDL cholesterol levels

decreased significantly in patients treated for 6 months

effectively with CPAP, BiPAP, and mandibular advance-

ment device, whereas triglyceride, HDL cholesterol, and

lipoprotein (a) levels remained unchanged. Comondore

et al. demonstrated similar results in their parameters [28].

In a recent study, Dorkova et al. demonstrated that elevated

total cholesterol, triglycerides, and LDL cholesterol

decreased effectively after 8 weeks of CPAP therapy in

patients with OSAS [34]. Our results confirm these previ-

ous findings: total cholesterol and LDL-cholesterol levels

significantly decreased by the same duration of CPAP

treatment in our patient group. The mechanism of total and

LDL cholesterol lowering effect of CPAP may be specu-

lative at the moment. One possible mechanism may be via

nocturnal intermittent hypoxia resulting from repetitive

apneas. Hypoxia may affect LDL receptor density or

hepatic lipoprotein metabolism. Furthermore, hypoxia

induces stimulation of sympathetic activity, which affects

serum lipid composition by well-known metabolic effects

of catecholamines, including gluconeogenesis, peripheral

insulin resistance, and increased lipolysis [33]. Another

mechanism may involve insulin resistance, which may

increase total cholesterol and LDL cholesterol by

decreasing the catabolism of LDL, by down-regulation of

LDL receptors [33]. Finally, previous studies demonstrated

that visceral fat significantly correlated with indexes of

sleep apnea, such as apnea hypopnea index and minimum

hemoglobin oxygen saturation [7]. LDL correlates with

visceral fat mass and correction of sleep apnea by CPAP

and may affect lipid profile (i.e., increased HDL cholesterol

and decreased LDL cholesterol) by reducing visceral fat

accumulation [15].

Several limitations of this study deserve comment. Insulin

sensitivity was approximated by using HOMA-IR instead of

the euglycemic clamp technique. Euglycemic clamp method

is the ‘‘gold standard’’ for the evaluation of insulin sensi-

tivity. However, this method is invasive and labor intensive.

On the other hand, it is demonstrated that insulin sensitivity

indices derived from the homeostatic model are strongly

correlated to values obtained by the clamp method [35].

Apnea-hypopnea index (n/h)
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Second, there was no control group in study. Third, a rela-

tively small number of patients with moderate-to-severe

OSAS makes it difficult to extrapolate these results to a

whole spectrum of sleep-disordered breathing.

Conclusions

Our study demonstrated a significant increase in the insulin

secretion capacity and decrease in circulating leptin, total

cholesterol, and LDL cholesterol by 8 weeks of CPAP

treatment. Overall, these results contribute to better delinea-

tion of the relationship between glucose homeostasis

parameters and leptin in the presence of obstructive sleep

apnea and the protective effects of CPAP treatment against

the development of metabolic syndrome in this patient group.
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