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Background: Although obstructive sleep apnea (OSA) is strongly
linked with obesity, both conditions have been associated with in-
creased cardiovascular risk including glucose intolerance, dyslipi-
demia, and hypertension independent of one another. Weight loss is
known to improve both cardiovascular risk and OSA severity. The aim
of this study was to evaluate cardiovascular and metabolic changes,
including compartment-specific fat loss in obese OSA subjects under-
going a weight loss program.

Design: Observational study.

Participants: 93 men with moderate-severe OSA.

Interventions: 6-month open-label weight loss trial combining
sibutramine (a serotonin and noradrenaline reuptake inhibitor) with a
600-kcal deficit diet and exercise.

Measurements and Results: At baseline and following 6 months
of weight loss, OSA was assessed together with CT-quantified intra-
abdominal and liver fat and markers of metabolic and cardiovascular
function. At 6 months, weight loss and improvements in OSA were
accompanied by improved insulin resistance (HOMA), increased HDL

cholesterol, and reduced total cholesterol/HDL ratio. There were also
reductions in measures of visceral and subcutaneous abdominal fat
and liver fat. Reductions in liver fat and sleep time spent below 90%
oxyhemoglobin saturation partly explained the improvement in HOMA
(R2=0.18). In contrast, arterial stiffness (aortic augmentation index),
heart rate, blood pressure, and total cholesterol did not change.
Conclusions: Weight loss with sibutramine was associated with im-
provements in metabolic and body composition risk factors but not
blood pressure or arterial stiffness. Improved insulin resistance was
partly associated with reductions in liver fat and hypoxemia associated
with sleep apnea.
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besity is a major risk factor for both obstructive sleep

apnea (OSA) and cardiovascular disease. However there
is increasing evidence that OSA may promote cardiovascular
morbidity and mortality independent of obesity. This may be
related to an obesity-independent increase in the prevalence of
the metabolic syndrome in OSA subjects' and in the risk fac-
tors that define the syndrome.? In addition, there is limited data
suggesting that treatment of OSA with nasal continuous posi-
tive airway pressure (CPAP) may improve several important
cardiovascular risk factors.>* However, apart from hyperten-
sion® there is still no definitive data from randomized controlled
trials that CPAP treatment improves other cardiovascular risk
factors.>® Moreover compliance with CPAP remains subopti-
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mal” and there is a recognized need for adjunctive therapeutic
approaches to improve overall risk.

Apart from CPAP, weight loss is one potential approach that
may be useful in reducing cardiovascular risk in OSA. Even
moderate weight loss results in marked improvements to a range
of cardiovascular risk factors including lipids, insulin resistance
(IR), and blood pressure.® Sibutramine is a serotonin and nora-
drenaline reuptake inhibitor (SNRI) that promotes weight loss
through increased energy expenditure and satiety.” Previous
studies have shown that weight loss with sibutramine is accom-
panied by marked loss of abdominal fat'™!'" and improvements
in metabolic function.'>'* However the effectiveness of weight
loss medications to reduce weight and improve cardiovascu-
lar and metabolic function has never been specifically evalu-
ated in OSA subjects. Some evidence suggests that sympathetic
overactivity in patients with OSA may alter regulation of body
weight.' Indeed, there is a suggestion that sympathetic over-
activity may contribute to increased abdominal obesity.'S It
follows that cardio-metabolic improvements associated with



weight loss may be modulated by both the presence of OSA and
the extent to which OSA resolves. Therefore establishing the
effectiveness of weight loss in reducing central adiposity and
other cardio-metabolic risk factors in patients with OSA would
have clinical relevance to management of this condition.

We have recently shown a reduction in sleep apnea severity
following 6 months of sibutramine-assisted weight loss in sub-
jects with moderate-severe OSA.'® The aim of this study was
to determine (in the same group) the extent of improvement (if
any) in a range of important cardio-metabolic risk factors in-
cluding fat loss from visceral, subcutaneous, and liver stores. A
secondary aim was to explore whether there was an association
between OSA alleviation with weight loss and cardio-metabolic
improvements (specifically IR and arterial stiffness) indepen-
dent of changes in body composition.

METHODS
Study Population and Weight Loss Program

Selection criteria were as previously described'® and consist-
ed of male OSAS subjects (aged 30—70 years, BMI 30-38 kg/
m?, RDI > 15 events/hour, and Epworth Sleepiness Scale score
> 10). Subjects with inadequately controlled blood pressure (BP
> 145/95 mm Hg) or elevated heart rate (HR > 100 bpm) or type
2 diabetes were excluded from the study. Twenty-six subjects
were taking antihypertensive medication. All but 9 subjects
were newly diagnosed with OSA and were CPAP naive. The re-
mainder had previously failed to initiate CPAP therapy. All sub-
jects underwent a 24-week period of sibutramine intake (10 or
15 mg per day) combined with a 2500 kJ (600 kcal) deficit diet
and exercise advice (> 30 minutes brisk walking per day).'

Measurements

All measurements were performed at baseline and at 24
weeks. Sleep staging and respiratory events were scored from
polysomnographic recordings (Compumedics, Melbourne,
Australia) using standard techniques.'® Nasal flow was deter-
mined from nasal pressure recordings. Arterial oxygen satura-
tion (SpO,) was measured by pulse oximetry. Apneas were
defined as a complete cessation of airflow > 10 sec associated
with an EEG arousal and/or > 3% oxygen desaturation. Hy-
popneas were defined as a reduction of airflow > 50% from
baseline, lasting > 10 sec, associated with an EEG arousal
and/or > 3% oxygen desaturation. The respiratory disturbance
index (RDI) and oxygen desaturation index (ODI) were de-
fined respectively by the number of apneas plus hypopneas
or arterial oxygen desaturations > 3% per hour of sleep. The
total sleep time with SpO, less than 90% (SpO,T90) was also
quantified.

After 15 minutes rest, BP and HR were measured in tripli-
cate from the nondominant arm while seated.'® Arterial stiff-
ness and central aortic BP were subsequently measured in the
supine position by pulse wave analysis (PWA).!” This technique
provides measurements for the aortic augmentation index (AIx)
and central aortic BP using a validated transfer algorithm. All
augmentation index measurements were standardized to a heart

rate of 75 beats per minute (AAIX,...). Measurements were al-
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ways made at the same time of day, when subjects had spent >
5 h without food, caffeine, or smoking.'®

Anthropometric measurements were taken'® together with
fasting venous blood for analysis of metabolic variables using
standard techniques available through the local hospital biochem-
istry laboratory. Insulin sensitivity was estimated by the HOMA
(homeostasis model assessment) method. HOMA is determined
from fasting plasma insulin and glucose where: HOMA = fasting
insulin (uU/mL) x fasting glucose (mmol/L) / 22.5. The volume
of subcutaneous and visceral adipose tissue (SCAT and VAT) was
quantified using a validated software tool (Hippo Fat)!’ from 5
contiguous 1-mm axial computed tomography (CT) slices start-
ing at the level of the umbilicus between the L3 and L5 vertebra.
Liver and spleen Hounsfield unit attenuations (E-FILM) were
measured from unenhanced CT slices in several homogenous ar-
eas (> 10 cm?) that were free of vasculature adjacent to the T12/
L1 intervertebral space. The liver to spleen attenuation ratio (L/S
ratio) was then used to estimate liver fat. This method has been
validated against the gold standard of liver biopsy.® Values < 1.0
are consistent with fatty liver (steatosis).”!

Statistical Analysis

All changes were assessed using paired-samples ¢ tests or
Wilcoxon signed ranks tests where appropriate. Univariate cor-
relations (Pearson r or Spearman rho) were used to explore as-
sociations for the magnitude of change (A) between variables.
Stepwise multiple linear regression (MLR) analysis was used
to specifically explore changes in body compositional vari-
ables (ABMI and Aabdominal fat) and OSA variables (ARDI
and ASpO,T90) with IR (AHOMA). A more simplified MLR
was used to explore changes in BMI and OSA variables with
arterial stiffness (Aaortic augmentation index). All independent
variables were examined for co-linearity. Statistical analyses
were performed with the SPSS software (Chicago, IL).

The study is registered with the Australian Clinical Trials
Registry (ACTR #12605000330640) and was approved by the
local hospital ethics committee.

RESULTS

Paired data (baseline and 6 months) for the 93 subjects are
presented in Table 1. Incomplete data for some variables was
due to processing errors in the biochemistry laboratory and to
regional non-alignment of CT images.

As previously reported,'® subjects were middle-aged (46.5 £
9.3 years) and moderately obese (BMI 34.2 + 2.7 kg/m?) with
moderate-severe OSA (RDI 46.0 + 23/h). There was a moderate
amount of weight loss (7.9 + 4.9 kg), and RDI was reduced by
30% (16.0 = 19.1/h) together with hypoxemia (SpO,T90 and
ODI) and sleepiness (ESS fell by 4.6).

In parallel with weight (—7.5%) and anthropometric chang-
es, there were marked reductions in visceral (VAT —19.6%)
and subcutaneous (SCAT —15.4%) abdominal fat and liver fat
(L/S ratio —19.1%). At baseline, ~55% of subjects had L/S ra-
tio scores (< 1) compatible with steatosis (fatty liver).' At 6
months, this had decreased to ~35% and included 14 subjects
whose fatty liver had resolved (Figure 1). There was also an
overall modest improvement in insulin sensitivity (HOMA
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Table 1—Measurement of Variables at Baseline and at 6 Months

Variable Baseline 6 Months  p-value
Sleep Disordered Breathing
RDI (per h)* 459+23.0 30.2+204 0.0001
SpO,T90 (min)* 2.9(0.2-7.8) 1(0.1-5.5)  0.008
ODI (per h)”! 35.0+£24 25.8+22 0.00002
ESS (0-20)* 13.3+£3.7 8.7+4.4 0.0001
Anthropometry
Weight (kg)* 107.1+124 99.1+12.6 0.0001
BMI (kg/m?)* 34.1+2.7 31.6+3.0 0.0001
Neck circ (cm)*! 447+2.4 43.1+2.4 0.0001
Waist circ (cm)”! 1158+8.3 107.6+9.1 0.0001
Sagittal ht (cm)* 28.2+2.8 25.0+3.1 0.0001
Hemodynamics (sitting)
SBP (mm Hg)* 119.1+12.1 117.7+11.0 0.2
DBP (mm Hg)* 79.5+£84 79.2+£8.5 0.73
HR (beats/min)® 69+ 10 72+ 11 0.004
Hemodynamics (supine)®
PSBP (mm Hg) 123.7+11.0 122.7+10.0 0.28
PDBP (mm Hg) 79 +£6.6 79.4+73 0.8
CSBP (mm Hg) 1142+11.7 1132+109 03
CDBP (mm Hg) 80.1 £6.7 804+74 0.85
HR (beats/min) 64.1+8.4 63.9+8.9 0.77
AIX .5 (%) 16.2+8.0 16.0 £ 8.1 0.8
AP, .. (mm Hg) 7.8+4.9 7.4+4.0 0.3
Metabolic
Insulin (uIU/mL)% 16.6 + 8.4 13.5+7.4 0.001
Glucose (mmol/L)¥ 478+ 0.84 4.94+0.73 0.09
HOMA® 3.60+1.97 299+1.77 0.01
Leptin (ng/mL)” 14.1+£7.1 12.3+6.9 0.05
HDL (mmol/L)® 1.11£023 1.18+0.25 0.0001
Total cholesterol/
HDL-C ratio* 499+1.18 472+1.1 0.043
Abdominal and Liver Fat
VAT (cm?)* 141.1£38.0 113.5+36.4 0.0001
SCAT (cm?)* 212.7+51.7 1799+51.1  0.0001
VAT/SCAT ratio® 0.706 £ 0.275 0.673 £0.276  0.05
Liver/Spleen ratio® 0.89+0.33 1.06+0.25 0.0001

Superscript denotes number of paired comparisons. Change de-
notes mean change + SD (paired samples ¢ test) or median (inter-
quartile range) (Wilcoxon signed ranks test).

RDI = respiratory disturbance index per hour of sleep. ODI = oxy-
gen desaturation index per hour of sleep. ESS = Epworth Sleepi-
ness Scale. SpO,T90 = Sleep time below 90% oxyhemoglobin
saturation. PSBP, CSBP, PDBP, CDBP = peripheral or central
systolic and diastolic blood pressure. AIX, ... and AP .= aor-
tic augmentation index and augmentation pressure corrected to a
heart rate of 75 bpm. HOMA = Homeostasis Model Assessment
of insulin sensitivity. VAT = visceral adipose tissue volume. SCAT
= subcutaneous adipose tissue volume. L/S ratio = Liver/Spleen
Hounsfield unit attenuation ratio (a measure of liver fat content).

—16.9%) and in plasma lipid and leptin levels. In contrast, apart
from a small increase in sitting HR, there were no changes in
any hemodynamic variables (Table 1).

In univariate analyses (Table 2), the change to IR (AHOMA)
correlated with ABMI, ASCAT, and AL/S ratio, but not with
AVAT. In addition, there was also a strong trend for an association
with improved sleep related hypoxemia (ASpO,T90). Subsequent
regression analysis (Table 3) revealed that AHOMA was best pre-
dicted by changes in liver fat (AL/S ratio) and hypoxemia during
sleep (ASpO,T90). This model explained 18.4% of the variance in
AHOMA, with hypoxemia accounting for half of that variance.
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Figure 1—Visceral (VAT), Subcutaneous (SAT) and liver (L/S
HU ratio) fat changes. An increase in L/S ratio indicates a reduc-
tion in liver fat. The shaded area (last panel) includes subjects
whose fatty liver resolved.

DISCUSSION

This study has shown that the previously documented loss
of weight and reduction in sleep apnea severity following 6
months of a weight loss program with sibutramine'é were ac-
companied by significant metabolic changes and changes in
body composition. Apart from there being only limited data
on the concomitant cardiovascular and metabolic changes as-
sociated with weight loss in subjects with objectively defined
OSA,? this is one of the largest cohorts of men to be exam-
ined with sibutramine that has included comprehensive assess-
ment of both abdominal and liver fat changes. Changes in body
composition included significant loss of visceral and subcuta-
neous abdominal fat and liver fat; these were accompanied by
improvements in insulin resistance, HDL cholesterol, and to-
tal cholesterol/HDL ratio. An important additional finding was
that the improvement in insulin sensitivity (albeit only modest)
was partially associated with a reduction in apnea-related hy-
poxemia. In contrast, however, there were no parallel improve-
ments in relation to blood pressure or arterial stiffness.

Abdominal Fat Changes

A number of studies with sibutramine have demonstrated
marked improvements in visceral and subcutaneous abdominal
fat assessed by numerous methods including CT."? The findings
from these studies demonstrate greater percentage loss of visceral
fat (VAT) than subcutaneous fat (SCAT) and are reflected by re-
sults from the present study. The greater loss of VAT may be a con-
sequence of a greater capacity for catecholamine induced lipolysis
in VAT than SCAT.?* The observed loss of visceral fat (which is a
strong independent predictor of all cause mortality in men®) is a
particularly important outcome for a population of OSA subjects
who already have increased cardio-metabolic risk.?

However, despite the overall reduction of fat stores in the pres-
ent study the relative amount of fat loss was markedly reduced



Table 2—Correlation Coefficients and p Values for Change (A)
in IR (AHOMA)
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Table 3—Multiple Regression Analyses for Change in IR
(AHOMA)

Variable A HOMA p-value
A BMT#! 0.310 0.005
A VAT 0.13 0.33
A SCATY’ 0.253 0.06
A L/S ratio® —0.281 0.03

A RDI¥ 0.16 0.16
A SpO,T90% 0.21 0.057

Variable B SEB p-value
A HOMA
Model 1 R*=10.099, p=10.019
A Liver/Spleen ratio —-3.409 0342 0.019
Model 2 R?=0.184, p = 0.005
A Liver/Spleen ratio —-3.854 1371 0.007
A SpO,T90 0.059  0.025 0.024

BMI = Body Mass Index. VAT = Visceral Adipose Tissue volume.
SCAT = Subcutaneous Adipose Tissue volume. L/S ratio = Liver/
Spleen Hounsfield unit attenuation ratio (a measure of liver fat
content). RDI = respiratory disturbance index per hour of sleep.
SpO,T90 = Sleep time below 90% oxyhemoglobin saturation.

when compared to a previous study that used a similar (3-dimen-
sional) method of fat assessment.?” This diminished loss of fat
(37% versus 20% and 24% versus 15% for VAT and SCAT re-
spectively) may be related to the inadequate resolution of OSA
which in the present cohort was reduced by a modest ~30%. In
support of this, a previous study has shown that visceral fat de-
creases with CPAP treatment but only in compliant users.”

Liver Fat Changes

Liver fat accumulation is an important factor (independent of
obesity) in the development of IR and other features of the met-
abolic syndrome as well being increasingly recognized as a pre-
dictor of cardiovascular risk.” In the current study weight loss
was also accompanied by marked reductions in liver fat and in
the proportion of subjects with L/S ratios indicative of steatosis.
These changes were also strongly associated with improved IR,
but there was no association with improvement in OSA.

Metabolic Changes

In the present study, there was a modest improvement in IR
as determined by HOMA. From a mechanistic perspective, the
changes in abdominal fat (VAT and SCAT) and liver fat (L/S
ratio) were quantified to establish whether they influenced the
improvement in IR observed with weight loss. The results are
in agreement with a previous study'® showing that the change
in VAT was not associated with the change in IR. This was an
unexpected finding, since VAT is considered to be an impor-
tant predictor of insulin resistance,* and it may reflect the rela-
tive inaccuracy of HOMA as a measure of insulin sensitivity
compared with the gold standard hyperinsulinemic euglycemic
clamp. Alternatively, the current results may suggest that liver
fat changes have a more important influence on IR following
weight loss with sibutramine. Liver fat has been associated with
hepatic IR independent of obesity and intra-abdominal fat,’
and a recent study has shown that increased liver fat is associ-
ated with both impaired insulin clearance and hepatic insulin
resistance independent of BMI.*

In addition to liver fat changes, an important new finding in
this study was the association between improvements in hypox-
emia (associated with OSA) and IR. In a large epidemiological
study, hypoxemia has been shown to predict impaired glucose
tolerance.*® Furthermore, an improvement in OSA symptoms in
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Variables excluded from the final model for A HOMA®:
A BMI, A VAT, A SCAT, A RDI (all p > 0.2)
B = Unstandardized coefficients

patients losing weight has been associated with a lower 2-year
incidence of diabetes and hypertriglyceridemia.**

Finally, there was also a modest reduction in the total cho-
lesterol/HDL ratio which represents over half the improvement
observed with compliant (> 4 h/night) CPAP therapy.*® This
marker has been associated with ischemic heart disease risk.*
The magnitude of improvement in leptin also represents almost
half of that observed with compliant CPAP therapy.?

Arterial Stiffness and Blood Pressure

We have previously documented a dose-dependent relation-
ship between OSA severity and arterial stiffness'® and we hy-
pothesized that a reduction in both weight and OSA would be
associated with improvements in arterial stiffness and/or blood
pressure. However no changes were detected in any variable.
The lack of change in arterial stiffness contrasts with a previous
study that found progression and regression of arterial stiffness
(measured by pulse wave velocity) associated respectively with
weight gain or loss over 2 years.’” The lack of change in blood
pressure is also in contrast to numerous studies that have docu-
mented moderate falls accompanying weight loss in short term
trials that did not involve sibutramine. ** However favorable
blood pressure changes have not been consistently demonstrat-
ed in weight loss studies with sibutramine,* and no study has
examined changes in arterial stiffness by any method.

Ultimately, the lack of change in arterial stiffness and blood
pressure in the present study may be a consequence of the
weight loss effects being negated by possible vasoconstrictive
effects associated with noradrenaline reuptake inhibition by
sibutramine and also possibly by persistent residual OSA. In
this context, although supine heart rate did not change, there
was a small rise in sitting heart rate. This is consistent with
many studies documenting small increases in heart rate with
sibutramine and highlights the need to closely monitor heart
rate in patients taking this medication.** This heart rate rise
could potentially be ameliorated if patients received concomi-
tant treatment for their OSA, since falls in heart rate have been
observed with CPAP treatment.*

Study Limitations

It is important to recognize several limitations with the cur-
rent study. Firstly, the experimental design did not include
a placebo arm. However the original aim of the (previously
published) efficacy study'® was to determine whether a weight
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loss program with sibutramine would improve sleep apnea
without exacerbating blood pressure. There were ethical con-
cerns at the time in using a blinded design with a drug that
could potentially elevate BP in patients with OSA, a disorder
strongly associated with hypertension. A second limitation is
that the study cohort consisted exclusively of males, and the
changes observed may be influenced by gender. However it is
important to recognize that central obesity and its impact on
metabolic health is more pertinent to the male population be-
cause of the preponderance for central obesity in males. Pre-
vious studies with sibutramine have mainly enrolled female
subjects. In contrast, to the best of our knowledge the present
study provides the most extensive dataset on males. Another
limitation is that physical activity and diet (caloric intake)
were not quantified and some of the observed improvements
may be independently influenced by inter-individual differ-
ences in either. However, a previous placebo-controlled trial
has already demonstrated that in the absence of sibutramine,
weight loss is not sustained despite ongoing diet and exer-
cise.*! Finally, as previously mentioned, there are limitations
associated with the use of the HOMA method for assessing
insulin sensitivity, and blood pressure changes would have
been better assessed using 24-h ambulatory monitoring than
office-based measurements.

Clinical Implications

The current data shows that weight loss targeted towards
OSA subjects results in some clinically important reductions in
cardio-metabolic risk factors, though it is possible that persist-
ing OSA may hinder this effect. While CPAP remains the gold
standard therapy for moderate to severe OSA, many patients
refuse this therapy,” and the effect of CPAP on long term car-
diovascular risk remains controversial. In the very least, weight
loss may prove beneficial in subjects who refuse CPAP therapy
while at most it may enhance any positive effects that occur
with compliant CPAP use. Ultimately consideration needs to be
given what treatment approach improves overall cardio-meta-
bolic risk in these patients. Combining weight loss with CPAP
treatment may be more efficacious than either treatment alone.
Finally, although sibutramine was used to assist weight loss in
the current study, there was a lack of reduction in office blood
pressure and arterial stiffness. Newer anti-obesity agents that
do not alter vascular tone may have advantages in weight loss
studies involving patients with OSA.
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