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Abstract The aim of this study was to compare serum

insulin-like growth factor (IGF-1) levels in patients with

obstructive sleep apnea syndrome (OSAS) with those of

nonapneic controls and to determine the risk factors of low

IGF-1 levels in patients with OSAS. The study included 39

newly diagnosed moderate-to-severe OSAS patients and 36

nonapneic controls. Overnight polysomnography (PSG) was

performed in all patients. The circulating levels of IGF-1 in

the OSAS group were significantly lower than those of the

control group (p \ 0.05). There was a significant negative

correlation between IGF-1 and logarithmic transformation

(Ln) of the apnea-hypopnea index (AHI), duration of apnea-

hypopnea, arousal index, average desaturation, and oxygen

desaturation index (ODI). The result of stepwise regression

analyses showed that OSAS (p = 0.001) was a risk factor for a

low IGF-1 level, independent of age, gender, and body mass

index (BMI). Our findings demonstrated that there was a

significant negative correlation between IGF-1 and Ln AHI

and that OSAS reduced the circulating levels of IGF-1.

Keywords Insulin-like growth factor � Obesity �
Sleep apnea

Introduction

Obstructive sleep apnea syndrome (OSAS) is defined as

repeated episodes of upper airway occlusion during sleep

with consequent excessive daytime sleepiness. These epi-

sodes are often accompanied by nocturnal intermittent

hypoxia and repetitive action of the sympathetic nervous

system. The prevalence of OSAS in adults aged 20–100

years was reported in a community-based study as 3.9% in

males and 1.2% in females [1, 2]. Obesity increases the risk

of OSAS developing by approximately tenfold from a

range of 2–4% in the general adult population up to 20–

40% in those with a body mass index (BMI) [ 30 [3].

Growth hormone (GH) stimulates the synthesis of

insulin-like growth factor-1 (IGF-1) in the liver and in

other target tissues. IGF-1 is considered to be the main

mediator of the growth-promoting actions of GH [4]. Cir-

culating concentrations of IGF-1 and IGF-binding protein-

3 (IGFBP-3) are strongly related to diurnal GH secretion,

reflecting mean daily GH levels, and seem to correlate well

with physiologic changes in GH secretion [5]. GH secre-

tion is affected by age, gender, obesity, food intake, blood

glucose, serum free fatty acids, body composition, and

sleep quality [6, 7]. Oxygen content of inspirated air

appears to contribute to the secretion of GH and IGF-1.

Chronic hypoxemia is associated with a decrease in IGF-1

without any changes observed in GH [8, 9]. Furthermore,

recent studies suggest that the IGF system is involved in

the development of cardiovascular disease [10].

In the present study we hypothesized that OSAS might

reduce serum IGF-1 level, regardless of age, gender, and
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obesity, and that it might result in the development of

cardiovascular diseases. To investigate this hypothesis, we

compared serum IGF-1 levels of OSAS patients and non-

apneic controls.

Materials and Methods

Patients

Seventy-seven consecutive patients referred for polysom-

nographic evaluation of suspected OSAS were recruited for

participation in the study. Premenopausal women who used

estrogen or insulin were excluded from this study. Seventy-

five (39 newly diagnosed moderate-to-severe OSAS patients

and 36 non-apneic controls) of 77 eligible patients met the

inclusion criteria for enrollment. There were 3 patients with

diabetes, 12 patients with hypertension, and 4 patients with

cardiac disease in OSAS patients and 3 patients with dia-

betes, 9 patients with hypertension, 1 patient with cardiac

disease in the nonapneic controls. There were no significant

differences for diabet, hypertension, cardiac disease between

the two groups. In addition to the Epworth Sleepiness Scale

(ESS), a questionnaire was administered to each patient in

the presence of their sleeping partner which inquired about a

history of snoring, witnessed apnea, and excessive daytime

sleepiness. Demographic information (age, gender, and

smoking habits) and anthropometric measurements (height,

weight, and BMI [weight/height kg/m2]) were obtained upon

presentation to the sleep center. None of the subjects had

cancer or pulmonary or neuromuscular disease.

The Ethics Committee of Uludag University approved

the study protocol and all patients gave written informed

consent to participate.

Sleep Study

Overnight polysomnography (PSG) was performed in all

patients using a Compumedics Sleepwatch System (Com-

pumedics P-series, Compumedics, Melbourne, Australia).

All participants reported to the sleep laboratory at

approximately 8:30 p.m. and PSG was initiated at

approximately 10:30 p.m. Polysomnographic recordings

included two electroencephalography (EEG) channels (C3/

A2 and O2/A1), two electro-oculogram (EOG) channels,

one submental electromyogram (EMG) channel, and one

electrocardiography (ECG) channel. Ventilatory monitor-

ing included recordings of oronasal airflow (with an

oronasal thermistor), hemoglobin oxygen saturation by

pulse oximetry (SaO2 was measured via a finger oximeter),

respiratory chest movement (with inductive plethysmog-

raphy), and abdomen and body position.

Sleep staging was performed according to the standard

criteria of Rechtschaffen and Kales [11]. To assess venti-

lation during sleep, nasal airflow was carefully analyzed.

Apnea was defined as an episode of airflow cessation

lasting at least 10 s. Hypopnea was defined as an episode

lasting at least 10 s with reductions of thermistor signal

amplitude of least 50% and an associated fall of at least 3%

in oxygen saturation, or an arousal. The sums of apnea and

hypopnea episodes were divided by the total sleep time to

obtain the apnea-hypopnea index (AHI). Patients with AHI

‡ 5 were considered to have OSAS. Subjects with AHI\5

were included in the control group.

Circulating IGF-1 Assay

Single blood samples were drawn between 8:00 a.m. and

9:00 a.m. following the sleep study. Subjects were required

to be fasting when blood was collected. The blood samples

were centrifuged, 1 h after they were drawn, at 3000g at

4�C for 10 min. Serum samples were stored at –70�C until

assay. Serum IGF-1 was measured using a solid-phase

chemiluminescent enzyme immunoassay system (Immulite

20001, Diagnostic Product Corp., Los Angeles, CA, USA)

using a commercially available kit (Diagnostic Product

Corp., Los Angeles, CA, USA). Samples were assayed in a

single large batch and quality assessment samples were

well within the manufacturers’ defined ranges.

Statistical Analysis

Statistical analysis was performed using the SPSS for Win-

dows, v13.0 (SPSS Inc., Chicago, IL, USA). Concordance of

normal distribution of all variables was calculated using the

Shapiro-Wilk test before they were compared between

OSAS and control groups. If the data were not normally

distributed, we used nonparametric tests for dependant

variables. Comparisons of data between the OSAS and

control groups were performed with Student’s t test, v2 test,

and Mann-Whitney U test. A logarithmic transformation (ln)

of AHI and average oxygen desaturation were used to

achieve a normal distribution of residuals. We performed

stepwise regression analysis to identify significant relation-

ships between sleep disorder parameters and IGF-1. The

results are expressed as mean ± SD. A value of p\0.05 was

considered statistically significant.

Results

Baseline characteristics of the OSAS and control groups

are shown Table 1. There was no significant difference in
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age, gender, BMI, smoking habit, snoring, hypertension,

and coronary heart disease between the two groups. There

were 25 (64.1%) subjects in the OSAS group and 17

(47.2%) subjects in the control group who had BMI ‡ 30

kg/m2. In the OSAS group, excessive daytime sleepiness

and ESS score were significantly higher than those of the

control group (p \ 0.001).

Polysomnographic characteristics of the OSAS and

control groups are summarized in Table 2. There were no

significant differences in the total sleeping time, sleep

efficiency, and baseline oxygen saturation between the two

groups. Significant differences in sleep stages 3 and 4,

arousal (per h), AHI, duration of apnea-hypopnea, average

oxygen saturation during sleep, average oxygen desatura-

tion, and oxygen desaturation index (ODI) were observed

when the OSAS group was compared to control group (p\
0.001).

The circulating levels of IGF-1 in the OSAS group (89.8

± 39.2 ng/ml) were significantly lower than those of the

control group (140.1 ± 54.5 ng/m) (p\0.001). There was a

significant negative correlation between IGF-1 and ln AHI

(r = –0.42, p\0.001) (Fig. 1). A negative correlation was

also noted between IGF-1 and the duration of apnea-hyp-

opnea (r = –0.36, p\0.001), arousal index (r = –0.23, p\
0.05), average desaturation (r = –0.29, p \ 0.05) (Fig. 2),

and oxygen desaturation index (ODI) (r =–0.224, p\0.05).

There was no significant correlation between IGF-1 and

REM or slow-wave sleep.

The result of stepwise regression analyses [IGF-1 =

gender (22.03) – age (0.427) – BMI (0.691) + AHI (0.727),

r2 = 0.232, p = 0.001] showed that AHI (p= 0.001) was a

risk factor for low IGF-1, independent of age, gender, and

BMI.

Discussion

The results of the present study demonstrated that the cir-

culating levels of IGF-1 in the OSAS group were

significantly lower than those of the control group. There

was a significant negative correlation between IGF-1 and

AHI, and OSAS was a risk factor for a low level of IGF-1,

regardless of obesity.

Some studies suggest that OSAS patients have low GH

and IGF-1 levels without any specific causes of GH defi-

ciency. Xu et al. [12] reported that serum IGF-1 levels of

patients with OSAS were significantly lower than those of

the controls. McArdle et al. [13] indicated that patients

with OSA had higher 24-h and nocturnal (12-h) urinary

norepinephrine excretion and plasma leptin levels and

lower IGF-1 levels. Multiple linear regression, adjusting

for central obesity, age, and alcohol consumption, con-

firmed an independent association between OSA and

metabolic risks, with a trend for IGF-1. Gianotti et al. [14]

studied the GH response to GHRH plus arginine and the

IGF-1 and IGF-binding protein-3 responses to very-low-

dose recombinant human (rh) GH treatment in OSAS

patients, simple obese, and normal subjects. Basal IGF-1

levels in OSAS patients were lower than in obese and

normal subjects. As opposed to obese and normal subjects,

in OSAS patients a very low level of rhGH did not affect

IGF-1. They suggested that OSAS is connoted by a con-

comitant impairment of GH secretion and sensitivity. In

our study circulating levels of IGF-1 in the OSAS group

were significantly lower those of the control group.

Several studies have demonstrated that GH synthesis

and secretion are reduced in the presence of obesity [7],

whereas the influence of the latter on peripheral IGF-1

levels is controversial, with reports of increased, normal, or

even low levels [7, 15]. For each 1.5-kg/m2 increase in

BMI, there is a 50% decrease in the 24-h secretion of GH

[16]. Maccario et al. [17] investigated IGF-1 concentra-

tions in 286 obese people and 326 age-matched controls.

They showed that IGF-1 concentrations were inversely and

independently related to age and BMI. A recent cross-

sectional study confirmed that IGF-1 levels are lower in

obese women compared to nonobese women and are

inversely related to central adiposity [18]. There is a strong

correlation between obesity and OSAS. Young et al. [19]

reported that every 6-kg/m2 increase in BMI increases

OSAS risk more than fourfold, and approximately 70% of

OSAS patients are obese. Low levels of IGF-1 in OSAS

patients may be related to accompanying obesity. How-

ever, in the present study we showed that OSAS (p =

0.001) was a risk factor for low IGF-1, independent of age,

gender, and BMI, according to the stepwise logistic

regression analysis.

GH secretion occurs mostly during sleep, and 70% of

nocturnal GH pulses are associated with slow-wave sleep

[20]. In OSAS, GH and IGF-1 secretion are decreased due

to sleep fragmentation, which decreases the amount of

slow-wave sleep. Not only sleep fragmentation, but also

Table 1 Baseline characteristics of the OSAS and control groups

Characteristics OSAS Control p value

Age 52.0 ± 9.6 48.8 ± 10.3 NS

Male/female 30/9 25/11 NS

Body mass index (kg/m2) 33.6 ± 7.2 30.5 ± 6.5 NS

Smoker/nonsmoker 16/23 9/27 NS

Smoking habits (pack years) 12.2 ± 13.3 5.9 ± 13.0 NS

Epworth sleepiness score 11.8 ± 5.8 6.1 ± 4.6 \ 0.001*

Coronary heart disease 4/39 1/36 NS

Hypertension 12/39 9/36 NS

*p \ 0.001 statistically significant; NS = not statistically significant
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repetitive hypoxemia can reduce IGF-1 secretion in OSAS.

Oxygen content of breathing air appears to contribute to the

secretion of IGF-1. Chronic hypoxemia may reduce the

IGF-1 level without any changes observed in GH [8, 9].

However, repetitive hypoxemia may affect GH and IGF-1

secretion. In animal, hypoxia inhibits GH release or bio-

synthesis [21]. Hyperoxia increases the expression of IGF-

1 and its type I receptors in rats [22]. In the present study a

negative correlation was noted between IGF-1 and AHI,

duration in apnea-hypopnea, arousal index, average desat-

uration, and oxygen desaturation index (ODI).

Nasal continuous positive airway pressure (CPAP) is the

most efficient therapy for maintaining upper-airway

patency during sleep. Its efficacy to control sleep apnea and

hypopnea starts the very first night of the therapy. CPAP

treatment improves sleep architecture and oxygen satura-

tion [23]. It increases GH [24] and IGF-1 [25] secretion.

Lindberg et al. [26] reported that after 3 weeks of CPAP

therapy there was a reduction in fasting serum insulin,

decrease in insulin resistance, and an increase in IGF-1.

A greater risk of coronary artery disease in OSAS

patients is suggested by several retrospective and cross-

sectional studies. The prevalence of OSAS was 37% in

men and 30% in women with angiographically verified

coronary artery disease [27, 28]. Mechanisms to explain

Table 2 Polysomnographic characteristics of OSAS and control groups

Polysomnographic characteristics OSAS Control p value

Total sleep time (TST) (h) 6.1 ± 1.6 7.2 ± 1.3 NS

Sleep efficiency (%) 80.4 ± 12.0 79.3 ± 7.8 NS

Stages 3,4 (%TST) 6.2 ± 6.3 17.2 ± 7.5 \ 0.001*

Rapid eye movement (%TST) 17.7 ± 7.9 21.6 ± 6.9 NS

AHI (per h) 50.5 ± 23.5 1.9 ± 1.2 \ 0.001*

Duration in apnea-hypopnea (min) 139.3 ± 89.7 3.49 ± 2.66 \ 0.001*

Arousal (per h) 35.7 ± 17.2 15.2 ± 6.4 \ 0.001*

Baseline oxygen saturation % 92.0 ± 6.5 94.4 ± 3.7 NS

Average oxygen saturation % in sleep 86.1 ± 9.8 93.3 ± 4.4 \ 0.001*

Average desaturation % 10.5 ± 4.5 4.2 ± 3.2 \ 0.001*

Oxygen desaturation index (per h) 57.6 ± 3.78 15.3 ± 2.84 \ 0.001*

*p \ 0.001 statistically significant; NS = not statistically significant
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this relationship have included sympathetic nervous system

activation and systemic endothelial dysfunction [29]. Low

levels of IGF-1 may contribute to an increased risk for

cardiovascular disease among sleep apneics. IGF-1 has

endocrine, paracrine, and autocrine actions. It increases

endothelial cell nitric oxide production. Low tissue IGF-1

levels have been identified in early and advanced athero-

sclerotic lesions, and it has been speculated that they

contribute to processes leading to plaque weakening, pla-

que rupture, and acute coronary events [30]. Laughlin et al.

[31] investigated the relationship between serum IGF-1

level and ischemic heart disease mortality in 633 men and

552 women during 9–13 years of follow-up. They con-

cluded that low baseline levels of IGF-1 increase the risk of

fatal ischemic heart disease, independent of relevant

ischemic heart disease and cardiovascular risk factors.

Furthermore, GH/IGF-1 axis and insulin interact at multi-

ple levels and in diabetes mellitus the GH/IGF-1 axis is

grossly disturbed, with increased secretion of GH, reduced

plasma levels of IGF-1, and complex tissue-specific chan-

ges in IGF-binding proteins. It has been demonstrated that

lower IGF-1 levels predict the subsequent development of

impaired glucose tolerance, type 2 diabetes [32]. Poykko

et al. [33] reported that there is a negative and independent

association between ghrelin and IGF-1 concentrations in

middle-aged subjects. The interaction between IGF-1 and

ghrelin is modified by obesity, insulin resistance, and type

2 diabetes. We speculate that low IGF-1 levels may con-

tribute to cardiovascular complications and insulin

resistance in OSAS patients. Measurement of the circu-

lating IGF-1 level may prove to be a useful marker to

identify the risk of fatal ischemic heart disease in OSAS

patients.

In conclusion, there was a significant negative correla-

tion between IGF-1 and Ln AHI, and OSAS reduced

circulating levels of IGF-1, independent of obesity. We

believe that the negative correlation determined between

obesity and IGF-1 levels in previous studies is related to

OSAS present in the majority of obese patients. In accor-

dance with the results of our study, the determination of

OSAS as a risk factor independent from obesity supports

the idea that low levels of IGF-1 are really dependent on

OSAS in obese patients. Further studies are needed to

clarify the complex relation between OSAS, obesity, car-

diovascular complications, and IGF-1.
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