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ABSTRACT: Obstructive sleep apnoea syndrome (OSAS) is a common disorder in
obesity. Leptin, an adipocyte-derived signalling factor, plays an important role in
metabolic control. There is growing evidence that leptin regulation is altered in OSAS.
Therefore, the aim of this study was to test the hypothesis that effective treatment will
influence leptin levels in OSAS patients.

Serum leptin levels were determined in 86 consecutive patients (aged 57.5¡11.0 yrs)
with polysomnographically verified OSAS. In addition, leptin levels were reassessed and
treatment efficacy was evaluated by polysomnography after 6 months of therapy.

Patients were treated with continuous or bilevel positive airway pressure, a
mandibular advancement device or conservatively, depending on the clinical symptoms.
Mean serum leptin levels did not change with treatment in the whole study group
(7.3¡5.0 versus 7.5¡4.8 ng?mL-1), however, leptin levels decreased in effectively treated
patients (8.5¡5.0 versus 7.4¡5.1 ng?mL-1) while they increased in ineffectively treated
patients (5.0¡4.0 versus 7.7¡4.1 ng?mL-1). Furthermore, not only was there a
significant and independent correlation between the change in leptin levels with
treatment and the change in body mass index, but also with the change in apnoea/
hypopnoea index.

Effective treatment of sleep-disordered breathing may have significant effects on
leptin levels in obstructive sleep apnoea syndrome patients. Changes in leptin levels are
related to changes in apnoea/hypopnoea index in obstructive sleep apnoea syndrome
patients.
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Obstructive sleep apnoea syndrome (OSAS) is a com-
mon disorder with an estimated prevalence of at least 2–4%
among middle-aged adults [1]. Recently, there has been
growing interest in potential relationships between OSAS
and leptin regulation. Leptin is an adipocyte-derived signal-
ling factor, the circulating levels of which reflect energy
stores, and seems to play an important role in metabolic
control, reproduction and neuroendocrine signalling [2].
Plasma leptin levels have been found to be closely correlated
with the size of the adipose tissue depot [3]. There is
increasing evidence that in obesity, a common disorder in
OSAS patients [4], the regulation of leptin secretion can
be disturbed by several mechanisms. Specifically, polymorph-
isms of the b3 receptor have been identified, which may result
in an impaired suppression of leptin secretion after b3

receptor activation and which are more prevalent in obese
subjects [5].

One study published recently was able to demonstrate that
sleep apnoeic males have higher plasma leptin levels than non-
apnoeic age- and body mass index (BMI)-matched obese
males [6]. Furthermore, leptin levels decreased significantly
following treatment of OSAS [7], even without a significant
change of body weight [8].

Until now, the association between OSAS and leptin
homeostasis has not been fully understood. Therefore, the
aim of this study was to test the hypothesis that effective
treatment will influence leptin levels in OSAS patients.

Methods

A total of 100 consecutive patients referred to the current
authors9 sleep laboratory for snoring, suspected OSAS or
excessive daytime sleepiness were selected for the study. There
were no shift workers in the population.

Males and females were eligible for the study if they were
o21 yrs old and had polysomnographically verified OSAS
with an apnoea/hypopnoea index (AHI) of more than or
equal to five per hour of sleep. Use of sedatives and muscle
relaxants, or refusal to participate in the study, were exclusion
criteria.

Weight was taken in light clothing and during the fasting
state with an electronic scale. None of the subjects reported
significant strenuous physical activity within a period of 72 h
before testing.

Blood was drawn at 08:00 h after an overnight fast at
baseline and at 6 months after study initiation in the morning
after polysomnography in the sleep laboratory. Serum leptin
levels were determined by the radioimmunoassay for human
leptin (Mediagnost, Tübingen, Germany). The leptin levels
were measured blind to the severity of OSAS.

Polysomnography

All patients underwent overnight polysomnography (Som-
nostar 4100; SensorMedics Co., Yorba Linda, CA, USA)
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according to widely accepted methods [9]. The entire record-
ing was supervised by a technician.

Polysomnography records were scored in 30-s periods for
sleep, breathing and oxygenation. According to the com-
monly used clinical criteria [10], a breathing event during
objectively measured sleep was defined as abnormal if either a
complete cessation of airflow lasting o10 s took place
(apnoea), or a reduction in respiratory airflow of o50% of
the airflow lasting longer than 10 s associated with either
an arousal or a desaturation of w3% could be discerned
(hypopnoea). Obstructive apnoea was defined as absence of
airflow in the presence of chest-wall motion. The average
number of episodes of apnoea and hypopnoea per hour
of sleep (AHI) was calculated. OSAS was diagnosed when
the AHI was o5?h-1, associated with typical clinical fea-
tures. Sleep was staged manually using the methods of
RECHTSCHAFFEN and KALES [11].

A further sleep study was subsequently performed to
determine the continuous positive airway pressure (CPAP)
required to abolish snoring, apnoeas and oxygen desaturation
in those patients who were eligible for CPAP treatment.

Patients who refused CPAP therapy were offered a mandib-
ular advancement device (for details see [12]) or a "con-
servative treatment" (sleep hygiene and dietetic measures).

Follow-up

Blood samples were taken the morning after baseline
polysomnography. During follow-up, all patients were seen
by their home physicians after 1 and 3 months. Patients were
asked to continue taking all prescribed medication for cardiac
and other conditions that they had been receiving at baseline.
Furthermore, the patients were advised to retain their usual
behaviours, including diet and daily activity.

After 6 months, the patients were re-evaluated by
polysomnography and blood samples were taken again the
following morning. Compliance with prescribed CPAP or
bilevel therapy was based on the actual hours of CPAP or
bilevel usage as registered by an integrated hour meter. The
study protocol was approved by the local ethics committee.
Written informed consent was obtained from all patients
before entry into the study.

Statistical analyses

Results are presented as means¡SD. All p-values reported
are two-tailed. Inter-group differences were analysed for
significance with the paired t-test, with Bonferroni9s correc-
tion for multiple comparisons.

The relationships between the leptin values and parameters
indicative of the severity of OSAS were first explored by
bivariate regression analysis. To determine the independent
association of leptin values with OSAS in the presence of
other significant risk factors, stepwise multiple logistic
regression analysis was performed in a second step. The
multivariate statistical model was built in steps and was
designed to select only factors that correlated with the serum
leptin values at a level of significance of f0.05 for the final
multiple regression model.

Results

From the 100 patients initially selected, one refused to
participate and OSAS could not be verified by polysomno-
graphy in 13. Thus, the results are based on the remaining 86
patients (69 males, 17 females). The mean age of the study
group was 57.5¡11.0 yrs (range 30–96) and the mean BMI
was 31.2¡5.6 kg?m-2 (19.0–52.9). All patients had a poly-
somnographically verified OSAS with a mean AHI of
28.0¡19.5?h of sleep-1 (5.3–89.6), a minimum oxygen satura-
tion during sleep of 81.5¡9.4% (51.3–86.9), a mean oxygen
saturation during sleep of 92.8¡3.7% (77.2–98.0) and a
disturbed sleep structure.

Forty-eight of the patients (55.8%) had a known or newly
diagnosed systemic hypertension, 25 patients had diabetes
mellitus (29.1%), 10 patients had chronic obstructive pulmo-
nary disease (11.6%) and 20 patients had coronary artery
disease (23.3%). Hypercholesterolaemia (total cholesterol
o5.2 mmol?L-1) was present in 72 (83.7%) and hypertrigly-
ceridaemia (triglyceride level o1.8 mmol?L-1) was found in 41
patients (47.7%). Forty-three of the hypertensive patients
were treated with antihypertensive agents (27 with angioten-
sin converting enzyme inhibitors, 24 with calcium channel
blockers and 20 with a b-blocking agent), 13 patients were
treated with a diuretic agent, seven with theophylline, 13 with
a nitrate, one with digitalis, five with insulin and three with an
oral hypoglycaemic agent.

Depending on the clinical symptoms, the polysomnogra-
phical result and the acceptance of therapy, seven patients
were treated conservatively, 11 patients received a mandibular
advancement device and 68 patients were treated with
continuous or bilevel positive airway pressure.

Polysomnography

Control polysomnography after 6 months of treatment
documented improvement of OSAS in the whole study group,
while BMI did not change during follow-up (table 1).

Table 1. – Effect of therapy on body mass index (BMI) and polysomnographic data in the whole study group

Before treatment After treatment Statistical significance

BMI kg?m-2 # 31.2¡5.6 31.2¡5.6 NS

Total sleep time min 386.4¡57.2 387.4¡52.1 NS

Sleep efficiency % 87.4¡10.1 89.5¡9.5 NS

Stage wake % 9.1¡8.9 7.1¡7.8 NS

Sleep stages 1z2 % 66.0¡13.6 64.9¡11.1 NS

Sleep stages 3z4 % 13.7¡10.4 14.4¡7.5 NS

Sleep stage REM % 10.8¡6.3 12.7¡5.9 v0.05
AHI n?h-1 28.0¡19.5 5.2¡8.2 v0.001
Minimum nocturnal Sa,O2 % 81.5¡9.4 87.2¡10.5 v0.001
Mean nocturnal Sa,O2 % 92.7¡3.7 94.1¡2.2 v0.001

Data are presented as means¡SD. #: weight (kg) divided by height2 (m2). REM: rapid eye movement; AHI: apnoea/hypopnoea index; Sa,O2: arterial
oxygen saturation; NS: nonsignificant.
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Objectively measured compliance documented an average
use of CPAP or bilevel devices of 5.2¡1.4 h?night-1 (1.1–7.6).
CPAP compliance in the 2–3 nights immediately preceding
the serum leptin measurement was not different from the
overall compliance. All patients treated with the mandibular
advancement device tolerated this treatment well and
reported daily use of the appliance.

Leptin levels

In the whole study group, mean serum leptin levels did not
change with treatment (7.3¡5.0 versus 7.5¡4.8 ng?mL-1,
p=0.65). Treatment was defined effective if the remaining
AHI wasv5?h-1. According to this definition, 59 patients (one
patient with conservative treatment, three patients with a
mandibular advancement device, 53 patients with CPAP and
two patients with bilevel positive airway pressure therapy)
were treated effectively. Their AHI decreased from 29.4¡20.3
to 1.6¡1.3?h-1 (pv0.001). In this subgroup there was also a
decrease in serum leptin levels (8.5¡5.0 versus 7.4¡5.1,
pv0.05). In contrast, in the ineffectively treated group
(n=26), serum leptin levels increased (5.0¡4.0 versus
7.7¡4.1, p=0.01), although the AHI decreased significantly
(24.8¡17.7 versus 13.7¡10.6, pv0.01).

There was no significant correlation between the change in
leptin levels and objectively measured compliance with CPAP
or bilevel devices (r=0.06, p=0.61).

To clarify the relationship between OSAS and serum leptin
levels, correlation analyses were performed. There were
significant associations between baseline leptin levels and
BMI (r=0.59, pv0.001) (fig. 1), minimum oxygen saturation
during sleep (r=-0.27, p=0.01) and mean oxygen saturation
during sleep (r=-0.22; p=0.04), indicating that more severe
OSAS is associated with higher leptin levels, but not with age,
AHI or time during sleep with an oxygen saturationv90%. In
a multiple stepwise linear regression analysis (R2

=0.37), BMI
proved to be the only parameter significantly and indepen-
dently associated with baseline leptin levels (b=0.61, pv0.001).
None of the other possible risk factors tested (mean and
minimum oxygen saturation during sleep, AHI, time during
sleep with an oxygen saturation v90%, age and sex) was
included in the stepwise multiple logistic regression model
because the level of significance was w0.05.

In a second step, the relationship between the improvement
of nocturnal respiration and the change of leptin levels was
examined. There was a significant correlation between the
change in leptin levels and the change in the BMI (r=0.25,
p=0.02), the change in the AHI (r=0.33, p=0.002) (fig. 2) and
the change in the mean oxygen saturation during sleep
(r=-0.23, p=0.04), but not with the minimum oxygen satura-
tion during sleep.

In addition, multiple stepwise linear regression analysis was
performed with the change of leptin levels as the dependent
variable, and indicators of the change of severity of OSAS
with treatment and change of BMI as independent variables.
The regression analysis disclosed that both the change in the
AHI (b=0.36, p=0.001) and the change in the BMI (b=0.27,
p=0.01) were independently correlated with the change in
leptin levels (R2

=0.18).

Discussion

The most important finding in this study is that there is a
relationship between the change in leptin levels and the degree
of improvement of nocturnal respiration, as expressed by the
AHI, independent of the change in BMI. Patients who are
treated effectively with a resulting AHI of v5?h-1 show a

decrease in their leptin levels, while leptin levels increase in
ineffectively treated OSAS patients. This may indicate that
OSAS contributes, at least in part, to elevated leptin levels,
independent of obesity. Another important result of the
present study is the fact that ay50% reduction in the AHI in
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Fig. 1. – Body mass index (BMI) plotted against leptin levels a) at
baseline (r=0.59, pv0.001) and b) at follow-up after 6 months (r=0.41,
pv0.001).
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Fig. 2. – Change of leptin levels plotted against change of apnoea/
hypopnoea index (AHI) (r=0.33, p=0.002).
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the ineffectively treated group did not result in a decrease in
leptin levels but even in a significant increase. This is in
accordance with a recently published study examining the
influence of effective and ineffective treatment of obstructive
sleep apnoea on blood pressure [13], emphasising the
importance of highly effective treatment.

Obesity is closely associated with increased morbidity and
mortality. Most obese humans have increased leptin levels,
indicating that obesity is a leptin-resistant state [3]. Interest-
ingly, patients with OSAS have even higher leptin levels than
age- and BMI-matched controls [6].

The measurement of respiratory function in the ob/ob
mouse has shown that profound obesity is associated with
impaired respiratory mechanics and depressed respiratory
control, particularly during sleep, indicating that leptin may
act on respiratory control mechanisms [14]. In accordance,
hyperleptinaemia is associated with hypercapnic respiratory
failure in human obesity [15]. In addition, the administration
of leptin attenuated rapid breathing patterns and diminished
lung compliance, suggesting that the administration of leptin
in these leptin-deficient mice reduced hypoventilation [16].
Recently, PHILLIPS et al. [17] showed that OSAS is associated
with resistance to the weight-reducing effects of leptin. As yet,
the mechanisms that result in elevated leptin levels in OSAS
patients are not understood.

Treatment of OSAS, for example with CPAP or with a
mandibular advancement device, can normalise breathing
during the night and reduce leptin levels [7, 8, 18]. The present
study indicates that changes in leptin levels are related to
changes in BMI and in AHI. In support of this finding, the
study of CHIN et al. [8] indicated that the correction of
breathing by CPAP reduced visceral fat. The results of the
present study show that the decrease of leptin levels is highest
in patients with a large reduction in AHI. This effect was
independent of a change in the BMI. How can these findings
be explained?

A study published recently could demonstrate that the
magnitude of the decrease in leptin levels after CPAP treat-
ment was significantly correlated with cardiac sympathetic
function measured before CPAP treatment [19]. Therefore, it
can be speculated that the physiological negative feedback
control of leptin secretion by the sympathetic nervous system
improves with treatment of OSAS. However, the mechanisms
responsible are unclear. Furthermore, treatment of OSAS,
especially with CPAP, may be associated with changes in
haemodynamics with increases in lung volume or in abdo-
minal pressure and perhaps visceral blood flow. This may
change blood flow in the body and could, in turn, have an
effect on the leptin clearance, thereby reducing leptin levels [8].

Lastly, it may be speculated that, besides the known
pathways of leptin regulation, tissue and/or arterial oxygen
tension may interfere with the feedback control of leptin
secretion. Although the current authors are not aware of
sound data indicating an effect of tissue oxygenation on leptin
secretion, the current data are compatible with such a new
type of regulatory control of serum leptin levels. Direct effects
of hypoxia at high altitude on leptin levels have already been
proposed [20]. Furthermore, there are some indirect hints of a
relationship between tissue oxygenation and leptin secretion
[21]. Therefore, it seems worthwhile to further examine the
potential relationship between leptin secretion and oxygen
supply to tissue.
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