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Abstract

Background—Visceral adiposity and obstructive sleep apnoea (OSA) may be independently 

associated with daytime sleepiness/low performance, insulin resistance, hypercytokinaemia, 

and/or hypertension. The objectives of this study are to simultaneously test these associations at 

baseline and after 3 months of continuous positive airway pressure (CPAP) therapy.

Materials and methods—Sixteen obese men with OSA; 13 non-apnoeic, obese controls, and 

15 non-obese controls were monitored in the sleep laboratory for four consecutive nights. 

Objective measures of daytime sleepiness and performance, serial 24 h plasma measures of 

interleukin-6 (IL-6), tumour necrosis factor-α (TNF-α), TNF receptor 1 (TNF-r1) and adiponectin, 

fasting blood glucose and insulin, visceral adiposity and blood pressure were obtained. Sleep 

apnoeics were re-assessed using the same protocol after 3 months of CPAP.

Results—At baseline, IL-6, TNF-r1, and insulin resistance were highest in OSA patients, 

intermediate in obese controls, and lowest in non-obese controls (P < 0·05). Visceral fat was 

significantly greater in sleep apnoeics than obese controls and predicted insulin resistance and 

IL-6 levels, whereas OSA predicted TNF-r1 levels (P < 0·05). CPAP decreased daytime sleepiness 

and blood pressure (P < 0·05), but did not affect fasting glucose or insulin or around the clock 

adiponectin, IL-6, TNF-α, or TNF-r1 levels.

Conclusions—In obese sleep apnoeics, visceral fat is strongly associated with insulin resistance 

and inflammation. CPAP decreases sleepiness and moderates hypertension but does not affect 

visceral adiposity, insulin resistance, hypoadiponectinaemia or hypercytokinaemia, all of which 

are independent risk factors for cardiovascular disease and diabetes.
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Introduction

Obstructive sleep apnoea (OSA) is a prevalent disorder among middle-aged, obese men and 

is associated with considerable morbidity, including excessive daytime sleepiness, 

hypertension and cardiovascular disease, as well as cardiovascular and accident-related 

mortality [1,2]. Since 1997, we and others have shown that OSA in obese men is associated 

with visceral adiposity, hyperinsulinaemia, and elevation of circulating pro-inflammatory 

cytokines [3–8].

Visceral fat is strongly associated with metabolic abnormalities including insulin resistance 

[9] and its tissue secretes a higher level of pro-inflammatory cytokines, i.e, interleukin-6 

(IL-6), compared to subcutaneous fat [10]. In addition, it appears that visceral adiposity, and 

not just obesity, is what predicts who among the obese is at risk for sleep apnoea, and has 

been proposed as a principal culprit progressively leading to that disorder [4,8]. However, 

there is a paucity of studies on the role of visceral adiposity in the pathogenesis of sleep 

apnoea and in metabolic aberrations associated with this sleep disorder.

Continuous positive airway pressure (CPAP) is the most widely accepted treatment for 

OSA, with beneficial effects on daytime sleepiness and high blood pressure in patients with 

moderate or severe OSA [11,12]. It appears that these beneficial effects are mediated by the 

effects of CPAP on the activation of the stress system, including both the sympathetic 

system and the hypothalamic–pituitary–adrenal axis, present in this condition [13,14]. There 

are very limited data on the effects of CPAP on visceral adiposity and inflammatory 

aberrations in the obese with OSA, whereas its effects on insulin resistance are inconsis tent 

[6,8]. Such information is important given that all these conditions are independent risk 

factors that affect health adversely and increase cardiovascular morbidity and mortality 

[9,15,16].

The purpose of this study was to examine the separate association of visceral adiposity or 

sleep apnoea with daytime sleepiness/low performance, insulin resistance, inflammation and 

hypertension at baseline and after 3 months of CPAP therapy. To accomplish this, we 

conducted a controlled study that included three groups, i.e. obese with sleep apnoea, obese 

without sleep apnoea, and non-obese controls. We studied these three groups at baseline 

with night time polysomnography; objective and subjective measures of daytime sleepiness 

and performance; blood pressure recordings; serial 24-h plasma measures of the pro-

inflammatory cytokines IL-6, tumour necrosis factor alpha (TNF-α) and tumour necrosis 

factor receptor 1 (TNF-r1); single morning measures of fasting glucose and insulin; serial 

24-h plasma measures of the insulin sensitivity-promoting hormone adiponectin; and 

visceral fat adiposity evaluated by computerized tomography (CT).

Materials and methods

Study population

The study was completed by 16 obese, middle-aged men with sleep apnoea, 13 non-apnoeic, 

age and body mass index (BMI) comparable to obese controls, and 15 age comparable non-

obese controls.
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The subjects were recruited from the Sleep Disorders Clinic and through advertisements 

from the community.

To qualify for the study, apnoeic patients had to have apnoea of sufficient severity to 

warrant recommendation for treatment [4]. Control subjects who demonstrated an apnoea/

hypopnoea index (A/HI) of more than five events h−1 of sleep were excluded from the study. 

Also, apnoeics and control subjects with a diagnosis of type 2 diabetes mellitus or who were 

receiving treatment with psychotropics, steroids, sympathomimetics, or sympatholytics, 

including β-blockers, were excluded from the study. The study was approved by the 

Institutional Review Board, and each subject signed a written consent form.

Procedures

Sleep laboratory—A thorough medical assessment, including physical examination, 

routine laboratory tests and sleep history, was completed for each patient and control 

subject. Blood pressure was measured in the evening and was the average of three 

consecutive readings during a 5 min period following 10 min of rest in the supine position. 

All potential participants were screened in the sleep laboratory for 1 night for 8 h employing 

standard polysomnographic procedures [17]. The subjects who met the inclusion criteria 

were monitored in the sleep laboratory for 4 consecutive nights (1 adaptation and 3 baseline 

nights). The patients with sleep apnoea were reassessed with the same protocol after at least 

3 months of closely monitored nightly use of CPAP. The sleep records were scored 

independently of any knowledge of the experimental conditions according to standardized 

criteria [17]. Also, the respiratory data were quantified as previously described [4].

Assessment of daytime sleepiness and performance

Multiple Sleep Latency Test (MSLT)—During the fourth day (day of blood sampling), 

the subjects’ levels of sleepiness and alertness were evaluated using MSLT [18]. In our 

study, we allowed six 20 min opportunities to sleep at 0900, 1200, 1500, 1700, 1900 and 

2100 h. Onset of sleep was defined as attaining any sleep stage for a duration of one epoch 

(30 s) or longer. The MSLT was terminated 20 min after lights out if there had been no sleep 

or after two consecutive epochs of Stage 2 sleep.

Subjective levels of sleepiness—These were assessed using a 10 cm visual analogue 

scale that ranged from 0 (extremely sleepy) to 10 (not sleepy at all) and the Stanford 

Sleepiness Scale (a seven point question: ‘How sleepy do you feel right now?’), which were 

administered every hour. Also, at baseline, subjects completed the Epworth Sleepiness Scale 

(ESS). Psychomotor Vigilance Task (PVT). PVT is a test of behavioural alertness [19] that 

was administered every hour from 0800 to 2200 during the blood draw days.

CPAP use

All 16 patients with sleep apnoea used CPAP for 3 months. The optimal nasal CPAP 

pressure was determined during a full night polysomnographic study as the pressure 

necessary to abolish all respiratory events and snoring, secondary arousals, and episodes of 

SaO2 desaturation during REM sleep and in the supine position. To assure adherence, we 

monitored closely the CPAP use on a daily basis by calculating the time that the patient was 
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breathing through the machine and not just the time the machine was on (Auto Set T, Smart 

Start, ResMed Corp. Paway, CA, USA). Furthermore, a respiratory therapist visited the 

home of each patient weekly for the first 4 weeks and monthly thereafter to provide us with 

information regarding CPAP usage (number of hours used each day), pressure setting, and 

mask leakage. As regular users of CPAP were considered, those who used the apparatus for 

≥ 4 h per night for ≥5 nights out of 7 nights [20]; 15 out of the 16 patients met the criteria of 

regular users. The average nightly use of CPAP on the nights that CPAP was used was 5·3 ± 

0·4 h. The average CPAP use per night, independent of whether CPAP was used or not, was 

4·6 ± 0·4 h. When we used, as a criterion of satisfactory compliance, CPAP use per night ≥4 

h, 6 out of the 16 patients showed ‘low adherence’ to therapy.

Twenty-four hour blood sampling

Twenty-four hour blood sampling was performed serially, every 30 min, on the fourth day in 

the sleep laboratory at baseline and repeated in the patients with sleep apnoea after 3 months 

of regular nightly use of CPAP (for more details, see [21]).

Assays

Plasma collected from the indwelling catheter was transferred to an EDTA-containing tube, 

refrigerated until centrifugation (within 3 h) and frozen at −70 °C until assayed. 

Concentrations of TNF-α, TNF-r1, IL-6 and adiponectin were measured in all diurnal 

samples while, in addition, in all three groups, single blood samples for measurement of 

fasting blood glucose and insulin were drawn in the morning following the overnight sleep 

recording. All samples were processed in the same manner. Plasma TNF-α, TNF-r1 and 

IL-6 concentrations were measured by enzyme-linked immunosorbent assay (ELISA) 

[Research & Development (R & D) Systems, Minneapolis, MN, USA] [21]. The intra- and 

interassay coefficients of variation were from 3·1–6·1% and 7·5–10·4%, for TNF-α, 3·6 to 

5·0 and 3·7 to 8·8% for TNF-r1 and from 3·2–8·5% and 3·5–8·7% for IL-6. The lower 

detection limits for TNF-α, TNF-r1 and IL-6 were 0·18, 7·8 and 0·094 pg mL−1, 

respectively. Adiponectin was measured by a commercially available radioimmunoassay 

(RIA) (Linco Research Inc., St. Charles, MO, USA). The intra- and interassay coefficients 

were 1·78 to 3·59 and 6·90 to 9·25, respectively, and the minimal detection limit was 1·0 ngr 

mL−1. Samples were run in duplicate and standards in triplicate. Plasma insulin was 

measured by specific RIA. The intra- and interassay coefficients of variation for insulin 

were from 3·5–4·6% and 4·5–7·0%, respectively.

Computerized tomography scanning

The distribution of abdominal fat (visceral versus subcutaneous fat) in sleep apnoeics and 

their obese controls was quantified with CT scanning as previously described [4].

Statistical analyses

For comparisons of the subject characteristics among the three groups and within the apnoea 

group, we used the analysis of variance, the 2-sample Student’s t-test, and the paired t-test, 

where appropriate. We note that the results of the analyses were essentially the same if 
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nonparametric tests were applied (not shown). The baseline sleep variables were calculated 

based on the mean values from the two consecutive baseline nights (nights 2 and 3).

For mean comparisons of the hormonal/cytokine data, we calculated the 24-h, daytime 

(0800–2200) and night time (2300–0700) means for each study participant. Comparisons 

among the three groups at baseline were performed using analysis of covariance 

(ANCOVA) to control for age and race. The linear trend test was performed to assess the 

dose–response relation among the sleep apnoeics, obese, and non-obese groups. Because 

IL-6 plasma levels are affected by the blood drawing technique, i.e. IL-6-values are higher at 

the end of the 24-h blood draw compared to the beginning [22,23], we proceeded with a 

‘detrended’ analysis. Specifically, we estimated the overall blood drawing effect as the 

difference between the IL-6-value of the average of 0700 and 0730 the next day and the 

average of 0800 and 0830 on the previous day. Then we assumed that its effect was 

increasing in a linear fashion with time and detrended the IL-6-values accordingly. 

Specifically, the mean difference between the beginning and the end of the blood draw was 

added to each original IL-6-value in a linear increment manner. Insulin resistance was 

expressed in two ways: one was the glucose-to-insulin ratio, and the other was the 

homeostasis model assessment (HOMA) index. For the calculation of HOMA, we used the 

formula as suggested by Matthews et al. [24].

For the MSLT, PVT, and subjective sleep data, we used repeated measurements analysis to 

compare the overall differences, as well as differences by time among the three groups and 

within the apnoea groups. The results were adjusted for age, race and the average percent 

sleep time at baseline.

Lastly, relations between sleep variables, respiratory data, BMI, CT measures and hormonal/

cytokine values were modelled using multiple regression analysis. The results of parametric 

values are expressed as the mean ± SE, except for age and BMI, whose values are expressed 

as the mean ± SD. The critical statistical confidence level selected for all analyses was P < 

0·05.

Results

Sleep, respiratory, and blood pressure data

Sleep apnoeics, compared both to obese and non-obese controls, slept worse (Table 1). 

There were no significant differences between obese and non-obese controls in any of the 

sleep variables. Following the use of CPAP for 3 months, there was a significant 

improvement of sleep, respiratory and blood pressure variables (Table 2).

Daytime sleepiness and performance

MSLT—At baseline, there were no significant differences among the three groups either in 

terms of the mean sleep latencies or at individual time points (mean values: 11·9 ± 1·1 vs. 

13·6 ± 0·9 vs. 10·8 ± 1·0 min for non-obese controls, obese controls, and sleep apnoeics, 

respectively). After three months of CPAP use, there was a significant increase of mean 

MSLT sleep latency (mean difference: 1·8 ± 0·8 min, P < 0·05).
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Subjective sleepiness—At baseline, using the Stanford Sleepiness Scale, apnoeics were 

sleepier than obese controls and non-obese controls (2·8 ± 0·2 vs. 2·2 ± 0·2 vs. 1·9 ± 0·1, P = 

0·05 for sleep apnoeics vs. obese controls; P < 0·01 for sleep apnoeics vs. non-obese 

controls). The same pattern was observed with the visual-analogue scale (6·6 ± 0·4 vs. 7·3 ± 

0·5 vs. 7·9 ± 0·3; overall P = 0·11 and P < 0·05 for sleep apnoeics vs. non-obese controls). 

Sleep apnoeics scored significantly higher on the Epworth Sleepiness Scale than obese or 

non-obese controls (12·1 ± 1·1 vs. 7·8 ± 1·6 vs. 7·8 ± 1·0, P < 0·05, respectively). After three 

months of CPAP use, patients with sleep apnoea scored less sleepy on the visual-analogue 

scale (difference: 0·8 ± 0·3, P < 0·05) and the SSS (difference: 0·4 ± 0·2, P = 0·09).

PVT—At baseline, there was a non-significant dose–response pattern in all four PVT 

variables among the three groups (sleep apnoeics performing the worst, obese controls in-

between and non-obese controls the best). CPAP use did not improve PVT performance.

Twenty-four-hour plasma IL-6, Tnf-α, and TNF-r1 pre- and post-CPAP

Twenty-four hour mean values (non-detrended) of IL-6 were significantly higher in sleep 

apnoea patients and obese controls versus non-obese controls (4·5 ± 0·7, vs. 4·4 ± 0·5, vs. 

2·4 ± 0·4, respectively, P < 0·05). There was a significant dose–response pattern in the 

morning values (0800–1000) of IL-6 among sleep apnoea patients, obese controls and non-

obese controls (2·8 ± 0·6, vs. 2·1 ± 0·3, vs. 0·8 ± 0·2, respectively, linear trend P < 0·05). 

These differences were attenuated later in the 24-h period, possibly due to the well known 

effects of blood drawing technique on IL-6 values [22,23]. Analysis of the 24-h detrended 

IL-6 values showed that the IL-6 mean levels were highest in sleep apnoeics, intermediate in 

obese controls and lowest in non-obese controls (4·1 ± 0·8 vs. 3·5 ± 0·5 vs. 1·6 ± 0·3 pg 

mL−1, linear trend, P < 0·05) (Fig. 1). A similar dose–response pattern was noted for 24-h 

mean values of TNF-r1 among the three groups (1641·4 ± 78·1 vs. 1489·5 ± 88·8 vs. 1307·3 

± 57·2, linear trend, P < 0·01) (Fig. 2). A similar pattern was observed for the mean 24-h 

TNF-α values with close to significant linear trend (1·7 ± 0·3 vs. 1·5 ± 0·2 vs. 1·4 ± 0·2 pg 

mL−1, linear trend P = 0·09).

The 3 month use of CPAP did not affect the plasma concentrations of IL-6 (4·5 ± 0·7 vs. 4·7 

± 0·7 pg mL−1 original and 4·0 ± 0·7 vs. 3·8 ± 0·6 pg mL−1 detrended), TNF-r1 (1645·9 ± 

78·1 vs. 1691·6 ± 114·7 pg mL−1), or TNF-α (1·7 ± 0·3 vs. 1·8 ± 0·3 pg mL−1) in the group 

of sleep apnoeic men (Figs 1 and 2).

Visceral versus generalized obesity and biochemical indices of insulin resistance pre- and 
post-CPAP

There were no significant differences between sleep apnoeics and obese controls in terms of 

total or subcutaneous fat. In contrast, sleep apnoeics had significantly higher amounts of 

visceral fat than their obese controls overall, as well as at L4, L5, and a trend at L3 levels (P 

< 0·01, < 0·05 and < 0·1, respectively; numerical data are shown in Table 3). The use of 

CPAP did not affect the amount of either fat (Table 3). Visceral but not subcutaneous fat 

was significantly correlated with indices of sleep apnoea (rxy = 0·62, P < 0·01 for A/HI and 

rxy = 0·57, P < 0·01 for minimum SaO2).
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A close to significant dose–response pattern was observed for mean fasting blood glucose 

levels in sleep apnoeics versus obese and non-obese controls (96·6 ± 5·8 vs. 94·9 ± 5·2 vs. 

81·0 ± 2·2, linear trend, P = 0·06). Mean plasma insulin levels were highest in sleep 

apnoeics, intermediate in obese controls, and lowest in non-obese controls (18·2 ± 2·1 vs. 

15·4 ± 2·4 vs. 6·8 ± 1·4, linear trend, P < 0·01). The same order was observed in terms of 

glucose/insulin ratio (6·4 ± 0·9 vs. 8·0 ± 1·1 vs. 14·4 ± 1·5 linear trend, P < 0·01) and 

HOMA index (4·6 ± 0·8 vs. 3·6 ± 0·6 vs. 1·4 ± 0·3, linear trend P < 0·01).

The use of CPAP did not affect fasting glucose, insulin, glucose/insulin ratio, or HOMA 

index in the group of sleep apnoeic patients (Table 4).

24-h adiponectin levels showed a tendency to be lower in sleep apnoeics than in non-obese 

controls, with obese having intermediate values (9·0 ± 1·5 vs. 16·5 ± 6·2 vs. 18·9 ± 5·8, trend 

P = 0·2) (Fig. 3). CPAP did not affect 24-h plasma levels of adiponectin (Table 4, Fig. 3).

CPAP compliance: ‘low’ versus ‘high’ adherence to therapy

In order to explore further the potential confounding factor of compliance to CPAP therapy, 

we divided the apnoea group into ‘high’ and ‘low’ adherence based on a criterion of CPAP 

use per night ≥ 4 h. Ten of the patients fell into the category of ‘high’ adherence and six into 

the category of ‘low’ adherence. There was no significant or trend difference between pre- 

and post-CPAP values in the two subgroups in terms of the inflammatory markers or insulin 

resistance indices. Visceral fat was the only variable in which the CPAP effect was 

significant at P < 0·2. In the high adherence group, there was a reduction of total visceral fat 

(the sum across all five CT slices) by 48·2 ± 31·5 cm3, P = 0·15, whereas in the low 

adherence group, there was an increase by 57·4 ± 39·9 cm3, P = 0·17. Interestingly, the high 

adherence group had a slight reduction of BMI (37·76 vs. 37·36), whereas the low adherence 

group showed a slight increase (37·01 vs. 37·84).

Types of fat and sleep apnoea as predictors of plasma cytokine concentrations and 
indices of insulin resistance

Visceral fat but not subcutaneous fat was significantly associated with IL-6 levels (partial R2 

= 16·7%). For every 10 cm3 increase of visceral fat, the secretion of IL-6 is increased by 0·1 

pg mL−1 (95% CI: 0·04 pg mL−1 to 0·23 pg mL−1; P < 0·01). Sleep apnoea, but not any of 

the two types of fat, was associated with an increase of TNF-r1 levels by 239·82 pg mL−1 

(95% CI: 45·51 pg mL−1 to 434·13 pg mL−1; P < 0·05; partial R2 = 16·6%). Glucose/insulin 

ratio and HOMA index were predicted by visceral and subcutaneous fat, but not sleep 

apnoea (Glucose/insulin ratio: partial R2 = 44·4% for visceral fat and 11·8% for 

subcutaneous fat; HOMA: partial R2 = 35·0% for visceral fat and 6·4% for subcutaneous 

fat). The glucose/insulin ratio was decreased by 0·32% (95% CI: −5·4% to −1·1%; P < 0·01) 

per 10 cm3 increase of visceral fat, and by 0·22% (95% CI: −3·6% to −0·7%; P < 0·01) per 

10 cm3 increase of subcutaneous fat. Similarly, the HOMA index was increased by 0·11 

(95% CI: 0·003 to 0·019; P < 0·01; partial R2 = 35·0%) per 10 cm3 increase of visceral fat, 

and by 0·06 (95% CI: 0·001 to 0·011; P < 0·05; partial R2 = 6·4%) per 10 cm3 increase of 

subcutaneous fat. Neither type of fat nor sleep apnoea predicted to a significant degree 

adiponectin levels.
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Discussion

Our study demonstrated that (a) visceral fat is strongly and independently associated with 

insulin resistance and inflammation in obese men with sleep apnoea. This association 

appears to be stronger than sleep apnoea per se with insulin resistance indices and IL-6; and 

(b) the therapeutic use of CPAP for three months does not improve low-grade inflammation, 

insulin resistance, or visceral adiposity in obese men with sleep apnoea. Because all these 

conditions are independent risk factors that affect health adversely and increase 

cardiovascular morbidity and mortality [9,15,16], the use of CPAP in obese men should be 

combined with other measures known to improve inflammation, insulin resistance and 

visceral adiposity.

Around the clock IL-6 and TNF-r1 peripheral levels and insulin resistance indices were 

highest in the patients with sleep apnoea, whereas in the obese controls, these values were 

intermediate between those of sleep apnoeics and non-obese controls. Also, among obese 

individuals, it was visceral fat rather than generalized obesity that predisposed to the 

development of sleep apnoea. These findings are consistent with our first report in 1997 as 

well as most of the subsequent reports by us and others that sleep apnoea, after controlling 

for obesity, is associated with visceral obesity, inflammatory cytokine elevation and 

hyperinsulinaemia [3–7,25–29]. In addition, the peripheral levels of adiponectin, an 

adipokine that promotes insulin sensitivity, tended to be lower in obese apnoeics compared 

to non-obese controls, consistent with previous reports [30]. That the adiponectin differences 

did not reach statistical significance is most likely due to the high variability of the 

peripheral levels.

CPAP did not improve visceral adiposity, insulin resistance or low-grade inflammation. Our 

negative findings on insulin and adiponectin are consistent with most, but not all, studies 

that have assessed the effects of CPAP on these metabolic indices [6,8,30]. The conflicting 

results among the studies could be attributed to some extent to differences in sample sizes, 

measurement techniques, duration of CPAP treatment, lack of objective adherence data, or 

lack of a placebo control group. However, a more parsimonious explanation for these 

seemingly discrepant findings is degree of obesity, a long recognized confounder in the 

relationship between insulin resistance and OSA. For example, in a study that used ‘the gold 

standard’ technique for insulin resistance, i.e. euglycaemic clamp technique, a beneficial 

effect was reported primarily in non-obese subjects [25]. Furthermore, two recent placebo-

controlled studies [31,32] with relatively large samples, and with one of them using the 

euglycaemic clamp technique [31], failed to show any improvement in obese patients with 

sleep apnoea. A similar pattern is noted in the few studies that have assessed the effects of 

CPAP on inflammation with positive findings again being reported in non-obese apnoeics 

[7,26,27,33,34]. These findings combined suggest that CPAP is effective in reversing 

inflammation/metabolic abnormalities in non-obese, but not in obese apnoeics. It is possible 

that obese apnoeics are different from non-obese in terms of underlying pathophysiology 

and symptom profile. Indeed, non-obese apnoeics are characterized by less daytime 

sleepiness and more frequent presence of anatomic abnormalities than obese apnoeics 

[35,36]. In turn, the metabolic/inflammatory aberrations in obese apnoeics might play a 

primary role in the pathogenesis of apnoea, whereas in the non-obese it might be a 
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secondary phenomenon to the apnoea per se. Further studies focusing on non-obese 

apnoeics should test this hypothesis.

A major confounder in the relations between inflammation/metabolic aberrations and sleep 

apnoea is abdominal fat distribution and, particularly, visceral adiposity. It is well 

established that visceral fat is strongly associated with insulin resistance and production of 

pro-inflammatory cytokines, i.e. IL-6 [9,10 (Fang personal communication)]. Also, it 

appears that visceral fat is a primary abnormality in sleep apnoea. In 2000 we reported that 

obese people with sleep apnoea have significantly higher visceral fat than BMI, age, and 

gender-matched controls. Our new study confirms these early findings and further suggests 

that CPAP does not have a significant effect on visceral adiposity. The lack of a significant 

effect of CPAP on visceral adiposity, in our study, may explain the negative findings on 

indices such as IL-6 and HOMA, that were primarily associated with visceral fat. It is 

interesting to note that there is a paucity of studies on the effects of CPAP on visceral 

adiposity in sleep apnoeics with the exception of one early study that did not include 

controls and reported beneficial effects of CPAP in non-obese apnoeics [5]. Such 

information may shed light on the inconsistencies of the aforementioned studies on 

inflammation and insulin resistance. Future studies on obese and non-obese apnoeics, who 

are stratified according to the degree of visceral adiposity, might provide important new 

insights into this topic.

There are other possible explanations for our findings. One possibility is that obesity might 

have masked the ability to detect changes in these parameters, particularly insulin resistance 

that may be subject to a ‘ceiling’ effect in obese individuals. However, in our study, sleep 

apnoea, independent of obesity, was associated with these inflammatory/metabolic 

aberrations. Another possibility is that the duration of the use of CPAP was too short to 

allow metabolic improvement or that the compliance to CPAP therapy was low. However, a 

3-month period has been shown to be adequate for correction of other abnormalities, i.e. 

catecholamines [35], cortisol [13], and TNF-α [7,26,27] elevation, and some trend for 

improvement, even if not significant, should have been detected after 3 months of systematic 

use of CPAP. Also, high adherence to CPAP therapy, using more stringent criteria than 

those currently recommended [20], did not change the effect of CPAP on these variables 

with the exception of a slight reduction of visceral fat in the group with high adherence. 

Furthermore, it is possible that our study did not detect any changes post-CPAP because of 

the small sample size. However, first, the sample size of our study is not different from most 

of the previously published studies [5–7,26,30,34]. Second, our study included two control 

groups that demonstrated the previously reported dose–response difference of the outcome 

variables among non-obese, obese, and obese with sleep apnoea. Third, our study was 

comprehensive and thorough in terms of outcome variables studied by including all 

previously reported inflammation and metabolic alterations in sleep apnoea i.e. pro-

inflammatory cytokines, insulin resistance and abdominal fat distribution; serial 24-h, every 

thirty minutes, blood sampling for hormones/cytokines; all day sampling of objective 

sleepiness and performance using MSLT and PVT; and state-of-the-art measures i.e. 

abdominal CT scan, instead of simple anthropometric measures i.e. waist circumference. 

Finally, post-CPAP, all three cytokines were slightly increased compared to pre-CPAP, 
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whereas the insulin resistance/visceral fat variables showed no changes. Thus, even a much 

higher sample size should not have been able to detect a clinically meaningful difference.

We should note that CPAP was effective in this group of apnoeic patients to reduce plasma 

cortisol levels and bring them close to those of obese controls [13]. This is consistent with 

findings of previous studies that have shown a beneficial effect of CPAP on the other limb 

of the stress system, i.e. the sympathetic system [14,37]. The normalizing effect of CPAP on 

the stress system, by eliminating chronic intermittent hypoxia and repetitive 

microawakenings, may explain the beneficial effect of CPAP on blood pressure, as well as 

sleepiness and fatigue that were also observed in this study. However, this protection is 

incomplete given the independent association of insulin resistance and inflammation 

markers, e.g. IL-6 with cardiovascular morbidity and mortality [9,15,16].

CPAP, in contrast to its effect on MSLT, did not significantly improve the performance 

(PVT) of patients with sleep apnoea. The dissociation between MSLT and PVT responses 

may suggest that the two tests are measuring different CNS functions and that PVT 

sensitivity may be affected by factors such as motivation and duration of the session [21,38].

In conclusion, (a) visceral adiposity is strongly and independently associated with insulin 

resistance and inflammation in obese sleep apnoeics; and (b) CPAP may improve blood 

pressure and sleepiness in obese men with sleep apnoea. However, it does not affect low-

grade inflammation, insulin resistance or visceral adiposity. Given that these abnormalities 

independently affect health and longevity adversely, other therapeutic measures, e.g. weight 

loss, exercise, pharmacological agents such as drugs that improve insulin sensitivity and 

reduce visceral fat should be included in the management of sleep apnoea.
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Figure 1. 
Twenty-four-hour secretory pattern of Interleukin 6 (IL-6) in non-obese (n = 15) (○) and 

obese controls (n = 13) (■) and in patients with sleep apnoea (n = 16) (▲)[top] and before 

and after 3 months of CPAP treatment: pre CPAP (▲), post CPAP (□)[bottom]. The thick 

bar on the abscissa represents the sleep recording period. IL-6-values represent detrended 

data.
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Figure 2. 
Twenty-four-hour secretory pattern of TNF-r1 in non-obese (n = 15) (○) and obese controls 

(n = 13) (■) and in patients with sleep apnoea (n = 16) (▲) [top] and before and after 3 

months of CPAP treatment: pre CPAP (▲), post CPAP (□) [bottom]. The thick bar on the 

abscissa represents the sleep recording period.
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Figure 3. 
Twenty-four-hour secretory pattern of adiponectin in non-obese (n = 15) (○) and obese 

controls (n = 13) (■) and in patients with sleep apnoea (n = 16) (▲) [top] and before and 

after 3 months of CPAP treatment: pre CPAP (▲), post CPAP (□)[bottom]. The thick bar on 

the abscissa represents the sleep recording period.
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Table 1

Demographic, sleep and respiratory data in sleep apnoeics, obese controls and non-obese controls

Sleep apnoeics (n = 16) Obese controls (n = 13) Non-obese controls (n = 15)

Age (years) 48·1 ± 5·6 45·6 ± 8·3 40·9 ± 12·8

BMI 37·5 ± 4·7 35·4 ± 3·2† 26·8 ± 2·5

Blood pressure

Systolic 141·7 ± 3·4* 140·1 ± 3·2 129·9 ± 2·8

Diastolic 87·7 ± 2·6 83·8 ± 3·8 82·7 ± 2·0

Mean 105·7 ± 2·8 102·6 ± 3·0 98·3 ± 2·0

Sleep latency (min) 12·8 ± 2·2 17·5 ± 3·0 15·6 ± 3·6

Wake time after sleep onset (min) 70·5 ± 6·9 57·8 ± 7·3 64·9 ± 11·9

Total wake time 79·2 ± 7·4 72·2 ± 8·3 79·2 ± 11·8

% Sleep time 83·5 ± 1·5 85·0 ± 1·7 83·5 ± 2·5

% Stage 1 26·6 ± 3·6*‡ 8·6 ± 0·8 7·6 ± 1·0

% Stage 2 57·5 ± 3·4*‡ 69·6 ± 1·6 67·4 ± 1·3

% Slow wave 3·1 ± 1·5 4·3 ± 1·0 6·6 ± 1·8

% REM 12·8 ± 1·5*‡ 17·5 ± 1·3 18·4 ± 1·1

REM latency 121.5 ± 22·4 95·3 ± 14·3 85·9 ± 7·3

Apnoea/hypopnoea index 53·3 ± 7·0*‡ 2·7 ± 0·7 1·6 ± 0·4

Minimum O2 saturation 72·4 ± 2·1*‡ 88·1 ± 1·0 88·3 ± 2·0

Data are presented as the mean ± SE, except age and body mass index (BMI) mean ± SD.

*
P< 0·05 sleep apnoeics vs. non-obese controls.

†
P < 0·05 obese controls vs. non-obese controls.

‡
P < 0·05 sleep apnoeics vs. obese controls.
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Table 2

Sleep and respiratory data in sleep apnoeics at baseline and after treatment with CPAP for 3 months

Pre CPAP treatment (n = 16) Post CPAP treatment (n = 16)

BMI 37·5 ± 4·7 37·5 ± 4·9

Blood pressure

Systolic 141·7 ± 3·4 135·3 ± 3·5

Diastolic 87·7 ± 2·6* 79·9 ± 1·9

Mean 105·7 ± 2·8* 98·4 ± 2·0

Sleep latency (min) 12·8 ± 2·2 14·3 ± 2·7

Wake time after sleep onset (min) 70·5 ± 6·9* 53·1 ± 6·9

Total wake time 79·2 ± 7·4 65·9 ± 8·5

% Sleep time 83·5 ± 1·5 86·3 ± 1·8

% Stage 1 26·6 ± 3·6** 9·4 ± 1·0

% Stage 2 57·5 ± 3·4* 67·0 ± 1·9

% Slow wave 3·1 ± 1·5 3·1 ± 1·2

% REM 12·8 ± 1·5** 20·4 ± 1·9

REM Latency 121·5 ± 22·4* 81·4 ± 8·7

Apnoea/hypopnoea index saturation 53·3 ± 7·0** 4·5 ± 1·9

Minimum O2 72·4 ± 2·1** 85·9 ± 1·6

Data are presented as the mean ± SE, except age and body mass index (BMI) mean ± SD.

*
P < 0·05.

**
P < 0·01.

CPAP, continuous positive airway pressure.
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Table 3

Abdominal fat distribution at lumbar spine level 4 (L4) in sleep apnoeics pre- and post 3 month CPAP 

treatment and obese controls

Sleep apnoeics

Obese controls (n = 13)Pre CPAP (n = 16) Post CPAP (n = 16)

BMI (kg m−2) 37·5 ± 4·7 37·5 ± 4·9 35·4 ± 3·2

Total body fat area (cm3) 641·8 ± 44·8 642·2 ± 42·9 565·1 ± 35·4

Subcutaneous fat area (cm3) 305·1 ± 32·3 310·5 ± 26·1 315·5 ± 30·6

Visceral fat area (cm3) 336·7 ± 28·3 331·7 ± 27·6 249·6 ± 24·1*

Data are presented as the mean ± SE, except BMI mean ± SD.

*
P < 0·05 sleep apnoeics vs. obese controls.

Eur J Clin Invest. Author manuscript; available in PMC 2015 August 07.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Vgontzas et al. Page 19

Table 4

Insulin resistance variables in sleep apnoeics pre- and post 3 month CPAP treatment

Pre- (n = 16) Post- (n = 16)

Fasting blood sugar (mg dL−1) 96·6 ± 5·8 93·3 ± 3·0

Fasting insulin (mcU mL−1) 18·2 ± 2·1 18·7 ± 26

Glucose/insulin ratio 6·4 ± 0·9 7·1 ± 1·1

HOMA 4·6 ± 0·8 4·3 ± 0·7

24-h adiponectin (μg mL−1) 9·0 ± 1·5 10·4 ± 3·4

Data are presented as the mean ± SE.

HOMA, homeostasis model assessment.
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