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ABSTRACT

BACKGROUND

Obstructive sleep apnea is associated with an increased prevalence of the metabolic
syndrome and its components. It is unclear whether treatment of obstructive sleep
apnea syndrome with continuous positive airway pressure (CPAP) would modify
these outcomes.

METHODS

In our double-blind, placebo-controlled trial, we randomly assigned patients with
obstructive sleep apnea syndrome to undergo 3 months of therapeutic CPAP followed
by 3 months of sham CPAP, or vice versa, with a washout period of 1 month in
between. Before and after each intervention, we obtained measurements of anthro-
pometric variables, blood pressure, fasting blood glucose levels, insulin resistance
(with the use of homeostasis model assessment), fasting blood lipid profile, glycated
hemoglobin levels, carotid intima—media thickness, and visceral fat. The metabolic
syndrome was defined according to National Cholesterol Education Program Adult
Treatment Panel III criteria, with Asian cutoff values for abdominal obesity.

RESULTS

A total of 86 patients completed the study, 75 (87%) of whom had the metabolic syn-
drome. CPAP treatment (vs. sham CPAP) was associated with significant mean de-
creases in systolic blood pressure (3.9 mm Hg; 95% confidence interval [CI], 1.4 to 6.4;
P=0.001), diastolic blood pressure (2.5 mm Hg; 95% CI, 0.9 to 4.1; P<0.001), serum
total cholesterol (13.3 mg per deciliter; 95% CI, 5.3 to 21.3; P=0.005), non-high-
density lipoprotein cholesterol (13.3 mg per deciliter; 95% CI, 4.8 to 21.8; P=0.009),
low-density lipoprotein cholesterol (9.6 mg per deciliter; 95% CI, 2.5 to 16.7; P=0.008),
triglycerides (18.7 mg per deciliter; 95% CI, 4.3 to 41.6; P=0.02), and glycated he-
moglobin (0.2%; 95% CI, 0.1 to 0.4; P=0.003). The frequency of the metabolic syn-
drome was reduced after CPAP therapy (reversal found in 11 of 86 patients [13%]
undergoing CPAP therapy vs. 1 of 86 [1%] undergoing sham CPAP). Accelerated hyper-
tension developed 1 patient receiving CPAP therapy first, intolerance to CPAP devel-
oped in 2 others, and another patient declined to continue sham CPAP.

CONCLUSIONS
In patients with moderate-to-severe obstructive sleep apnea syndrome, 3 months of
CPAP therapy lowers blood pressure and partially reverses metabolic abnormalities.
(Funded by Pfizer; ClinicalTrials.gov number, NCT00694616.)
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BSTRUCTIVE SLEEP APNEA IS A HIGHLY
prevalent but underrecognized clinical
problem. The Wisconsin Sleep Cohort
Study* estimated a prevalence of 24% among men
and 9% among women in that state. In an urban
setting in northern India, the prevalence of ob-
structive sleep apnea and the obstructive sleep ap-
nea syndrome is reported to be 13.7% and 3.8%,
respectively.> The metabolic syndrome, a cluster of
cardiovascular risk factors, is associated with ob-
structive sleep apnea.? Its prevalence varies from
74 to 85% among patients with obstructive sleep
apnea and from 37 to 41% among patients with
nonobstructive sleep apnea.*> Obstructive sleep
apnea has been shown to be an independent risk
factor for hypertension® and insulin resistance.”
Continuous positive airway pressure (CPAP) is
the first-line treatment for symptomatic obstruc-
tive sleep apnea. However, the effect of CPAP on
the metabolic syndrome is unclear. Most studies
have shown a decrease in blood pressure with the
use of CPAP,®1° with a few exceptions.* Studies
of the effect of CPAP on insulin resistance®1213
and the lipid profile®1#1¢ have reported disparate
results. Two studies®'” have assessed the effect
of CPAP on the metabolic syndrome in patients
with obstructive sleep apnea, with divergent re-
sults. Most studies of CPAP to treat components
of the metabolic syndrome have had small study
populations, a short duration of intervention, and
no control group or washout period.®*113:17 To
assess the effect of CPAP therapy on the meta-
bolic syndrome and its components, we designed
a double-blind, placebo-controlled, randomized,
crossover trial with 3 months of CPAP and
3 months of sham CPAP and a 1-month washout
period between interventions.

METHODS

PATIENTS

We recruited patients, 30 to 65 years of age, from
the Sleep Laboratory of the Department of Medi-
cine at the All India Institute of Medical Sciences
hospital in New Delhi, India. Inclusion criteria
were no previous or current CPAP therapy, ob-
structive sleep apnea that was of moderate or great-
er severity, and excessive daytime somnolence.
Exclusion criteria were previous or current treat-
ment for hypertension, diabetes mellitus, or dys-
lipidemia or any evidence of end-organ damage

due to these conditions. (Detailed inclusion and
exclusion criteria are provided in Table S1 in the
Supplementary Appendix, available with the full
text of this article at NEJM.org.)

Patients were randomly assigned to undergo
either CPAP or sham CPAP for 3 months, fol-
lowed by a washout period of 1 month and then
crossover to the other intervention for 3 months.
The sham CPAP modifications consisted of a flow-
restricting Teflon connector and a mask contain-
ing tiny escape holes in it. These modifications
were indistinguishable to the untrained eye. Thus,
the investigators and patients were unaware of the
intervention assignments.

CONDUCT OF THE STUDY
The study was conducted in accordance with the
protocol (available at NEJM.org and in brief form
in Table S4 in the Supplementary Appendix). The
protocol was approved by the local ethics commit-
tee. Written informed consent was obtained from
each participant. The study was supported by Pfizer
through an investigator-initiated research grant,
but Pfizer had no role in the study design, data
analysis, writing of the manuscript, or decision to
submit the manuscript for publication. The au-
thors vouch for the completeness and veracity of
the reported work as well as the fidelity of the re-
ported work to the protocol.

RANDOMIZATION
The randomization sequence was generated by a
statistician not otherwise involved in the study,
by means of a computer-generated random-num-
ber table. An unrestricted randomization scheme
was followed. The randomization numbers were
contained in serially numbered, sealed, opaque
envelopes kept by office staff who were not in-
volved in outcome measurements.

THE METABOLIC SYNDROME
The metabolic syndrome was defined according
to the National Cholesterol Education Program’s
Adult Treatment Panel III criteria,'® with the cut-
off value for defining abdominal obesity of 90 cm
for men and 80 cm for women, as recommended
by the World Health Organization guidelines for
South Asians.* Individual criteria were each given
a score, which were summed; a sum of 3 or great-
er was considered to indicate the presence of the
metabolic syndrome.
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ASSESSMENTS

Assessments were repeated at the beginning and
end of each of the two 3-month intervention pe-
riods.

Sleep

All participants underwent overnight polysomnog-
raphy, as described previously,2° and the data were
scored manually according to the recommenda-
tions of the American Academy of Sleep Medi-
cine.?* Obstructive sleep apnea was defined as an
apnea-hypopnea index (AHI) score of 5 or more
events per hour, with the severity described as mild
for an AHI score of 5 to less than 15, moderate for
an AHI score of 15 to 30, and severe for an AHI
score of more than 30.2! Obstructive sleep apnea
syndrome was defined as the presence of obstruc-
tive sleep apnea with excessive daytime somno-
lence. Excessive daytime somnolence was assessed
with the use of the Epworth Sleepiness Scale,??
with a score of more than 10 suggestive of exces-
sive daytime somnolence.

Anthropometric Variables

Body weight, neck length, and waist, hip, and neck
circumferences were measured (Table S2 in the
Supplementary Appendix). Percent of predicted
neck circumference was calculated according to the
Davies and Stradling formula2? as (1000 x neck
circumference in centimeters) + (0.55 x height in
centimeters + 310).

Blood Pressure

Blood pressure was measured, with the use of a
periodically calibrated mercury sphygmoma-
nometer, to the nearest 2 mm Hg in patients in
the sitting position after at least 5 minutes of
rest. The mean of three measurements was re-
corded.

Laboratory Tests

We estimated the fasting blood glucose level by
using the glucose oxidase method, the fasting
plasma insulin level by using an enzyme-linked
immunosorbent assay, and the glycated hemo-
globin level. Triglyceride, high-density lipoprotein
(HDL) cholesterol, and total cholesterol levels
were measured by means of an immunocolori-
metric assay, and the low-density lipoprotein (LDL)
cholesterol level was calculated with the use of
the Friedewald equation.?* Insulin resistance was

calculated by means of the homeostasis model
assessment method.?’

Imaging

We measured abdominal fat content by using a
single cross-sectional computed tomographic (CT)
scan at the level of the umbilicus, according to
standard methods.2° Carotid intima—media thick-
ness (CIMT) was assessed with the use of conven-
tional two-dimensional ultrasonography?’ (Table
S3 and Fig. S1 and S2 in the Supplementary Ap-
pendix).

STATISTICAL ANALYSIS
For the primary outcome, we estimated that we
would need to enroll 72 patients to detect a reduc-
tion in the frequency of the metabolic syndrome
of 15% with CPAP as compared with sham CPAP,
with statistical power (1 minus the 3 value) of 80%,
allowing for a type I (@) error of 0.05. Allowing
for a loss to follow-up of 20%, 90 patients were re-
quired to undergo randomization.

Statistical analysis was performed with the use
of a statistical software package (Stata 11.0 for
Windows, Stata). Continuous variables were sum-
marized as means +SD or medians (and interquar-
tile ranges), and categorical variables as propor-
tions. Comparisons between groups were done by
means of an independent t-test if the data were
normally distributed and a Mann-Whitney U test
if not. The chi-square test was used to analyze
categorical variables. The treatment effects of CPAP
and sham CPAP were compared with the use of
a paired t-test if the data were normally distrib-
uted and the Wilcoxon signed-rank test if not.
Two-sided P values of less than 0.05 were consid-
ered to indicate statistical significance. Predefined
subgroup analysis was conducted on data from
patients who actually underwent CPAP therapy for
an average of 5 or more hours per night. Post hoc
subgroup analyses were performed according to
the baseline body-mass index (BMI) and meta-
bolic values. Effects of order of intervention and
time period were assessed by means of analysis of
variance for a 2-by-2 crossover study.

RESULTS

STUDY PARTICIPANTS
Ninety patients were randomly assigned to an in-
tervention, with 46 patients to undergo CPAP first
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547 Patients were assessed for eligibility

457 Were excluded
423 Met exclusion criteria
360 Were receiving drugs for hypertension,
diabetes mellitus, or dyslipidemia
256 Had preexisting cerebrovascular
or cardiovascular disease, nephropathy, or
diabetic retinopathy or neuropathy
4 Were receiving long-term glucocorticoids
3 Had underlying cancer
47 Had hypothyroidism
34 Were planning to undergo upper-airway
or bariatric surgery
34 Declined to participate

90 Underwent randomization

46 Were assigned to CPAP

46 Underwent the assigned
intervention

1 Had a protocol violation
2 Had CPAP intolerance

43 Were crossed over and underwent
sham CPAP

43 Were included in the analysis

44 Were assigned to sham CPAP

44 Underwent the assigned
intervention

1 Declined to continue

43 Were crossed over and underwent
CPAP

43 Were included in the analysis

Some patients were excluded for more than one reason.

Figure 1. Screening, Enrollment, and Follow-up of the Study Patients.

and 44 to undergo sham CPAP first (Fig. 1). Three
patients in the CPAP-first group and one in the
sham-first group discontinued the study. There-
fore, 86 patients completed the study.

At baseline, the CPAP-first group had signifi-
cantly higher total cholesterol, triglyceride, and
glycated hemoglobin levels than the sham-first
group (Table 1). There were no significant dif-
ferences in polysomnographic variables between
the two groups, however (Table 2). Seventy-five of
the 86 patients (87%) had the metabolic syndrome

at the time of recruitment (38 in CPAP-first group
and 37 in sham-first group).

EFFECT OF INTERVENTION ON THE METABOLIC
SYNDROME

Seventy-one of 86 patients (83%) had the meta-
bolic syndrome at the start of CPAP therapy, as
compared with 70 of 86 patients (81%) at the start
of sham CPAP. The frequency of the metabolic syn-
drome decreased after CPAP therapy as compared
with sham CPAP (Table 3). After CPAP therapy,

N ENGLJ MED 365,24 NEJM.ORG DECEMBER 15, 2011

The New England Journal of Medicine

Downloaded from nejm.org at TEXAS HEALTH RESOURCES on February 22, 2012. For persona use only. No other uses without permission.

Copyright © 2011 Massachusetts Medical Society. All rights reserved.



CPAP FOR THE METABOLIC SYNDROME IN SLEEP APNEA

Table 1. Baseline Characteristics of the Study Population.*

Characteristic

Age —yr
Male sex — no. (%)
BMI

Waist circumference — cm
Percent of predicted neck circumference — %
Systolic blood pressure — mm Hg
Diastolic blood pressure — mm Hg
Hypertension — no. (%)
Fasting blood glucose — mg/d|
Diabetes mellitus — no. (%)
Fasting insulin — [U/liter

Median

Interquartile range
Insulin resistance

Median

Interquartile range
Glycated hemoglobin — %
Triglycerides — mg/d|
Cholesterol — mgy/dl

Total

HDL

LDL
Dyslipidemia — no. (%)

CPAP First (N=43) Sham CPAP First (N=43) P Value
45+8 45+8 0.83
36 (84) 41 (95) 0.08

33.8+4.7 31.8+5.2 0.06
115.2+12.1 112.0+12.1 0.24
101.2+9.5 100.4+7.7 0.31
133.2+9.9 131.1+8.4 0.19

89.1+8.1 87.8+7.6 0.60

20 (47) 20 (47) 1.00
107.2+15.4 105.9+13.0 0.82
21 (49) 24 (56) 0.52
0.24
13.0 12.1
9.0-19.5 7.6-15.4
0.15
3.6 3.1
2.3-5.0 2.0-4.0
6.0+0.6 5.6+0.5 0.01
197.3+93.1 156.2+62.0 0.02
211.7+36.1 191.1+39.3 0.01

44.0+5.9 41.8+6.4 0.08

128.2+29.2 117.1+31.0 0.09
36 (84) 38 (88) 0.53

* Plus—minus values are means +SD. HDL denotes high-density lipoprotein, and LDL low-density lipoprotein. To convert
values for glucose to millimoles per liter, multiply by 0.055. To convert values for triglycerides to millimoles per liter,
multiply by 0.01129. To convert values for cholesterol to millimoles per liter, multiply by 0.02586.

T The body-mass index (BMI) is the weight in kilograms divided by the square of the height in meters.

14 of the 71 patients with the metabolic syndrome
(20%) no longer fulfilled the criteria for the syn-
drome, while symptoms of the syndrome devel-
oped in 3 of the 15 patients (20%) without the
metabolic syndrome at the start. Of the 70 pa-
tients with the metabolic syndrome at the start of
sham CPADP, at the end of the intervention period,
5 (7%) no longer fulfilled the criteria, while symp-
toms developed in 4 of the remaining 16 (25%).
The metabolic syndrome score decreased from
3.27+0.93 before CPAP to 2.94+0.89 after CPAP
(mean difference, 0.33; 95% confidence interval
[CI], 0.14 to 0.51; P=0.001) as compared with
a change from 3.34+0.97 before sham CPAP to
3.21+0.88 after sham CPAP (mean difference, 0.13;
95% CI, 0.07 to 0.32; P=0.20). Of the 14 patients
whose metabolic syndrome resolved after CPAP

therapy, the specific criterion or criteria that re-
solved was blood pressure in 5 patients, fasting
blood glucose in 2, triglycerides in 2, HDL cho-
lesterol in 3, triglycerides and HDL cholesterol in
1, and triglycerides, HDL cholesterol, and fasting
blood glucose in 1. None of the patients showed
improvement in abdominal circumference.

EFFECT ON COMPONENTS OF THE METABOLIC
SYNDROME AND ANTHROPOMETRIC VARIABLES

There was a significant reduction in systolic and
diastolic blood pressure, glycated hemoglobin, tri-
glycerides, and LDL, non-HDL, and total choles-
terol after CPAP therapy as compared with sham
therapy, as well as a significant increase in the
HDL to total cholesterol ratio (Table 3). Concom-
itantly, there were significant decreases in BMI
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Table 2. Polysomnographic Variables in the Study Population.*

Variable
ESS score
AHI score — events/hr
Arousal index score — events/hr
Total sleep time — min 4
Sleep stage — % of total sleep time
N1
N2
Median
Interquartile range
N3
Median
Interquartile range
REM
Median
Interquartile range
Oxygen saturation — %
Minimum
Median
Interquartile range
Baseline minus minimum
Median
Interquartile range

Oxygen saturation <90% — % of total sleep time

CPAP First (N=43)

Sham CPAP First (N=43) P Value

14.8+3.7 14.1+3.5 0.33
47.9+19.6 47.8+17.3 0.99
29.5+4.0 27.8+3.4 0.74
42.1+10.2 435.4+7.3 0.59
63.7£11.9 67.9+10.6 0.09
0.15
13.6 11.7
9.8-21.1 8.0-14.7
0.47
3.2 2.3
0.6-6.5 0.7-4.8
0.93
15.5 15.0
8.1-23.1 9.2-18.8
0.68
69.7 69.7
60.0-76.2 59.1-80.2
0.99
24.8 24.7
20.5-32.7 15.1-34.5
28.7+23.5 29.7+24.6 0.84

* Plus—minus values are means +SD. Scores on the Epworth Sleepiness Scale (ESS) range from 0 to 24, with a score of
more than 10 suggestive of excessive daytime somnolence. AHI denotes apnea—hypopnea index, and REM rapid eye

movement.

and visceral and subcutaneous fat (Table 4). Post
hoc subgroup analyses and correlations between
change in BMI and metabolic variables are pre-
sented in Tables S5 through S7 in the Supplemen-
tary Appendix.

ADHERENCE
Adherence was higher with CPAP than with sham
CPAP (Table S10 in the Supplementary Appendix).
The adherence to sham CPAP depended on wheth-
er it was given first or second (4.8+1.4 vs. 4.1+1.1
hours per night, P=0.02).

We conducted an analysis of the predefined
subgroup of patients whose mean adherence with
CPAP was 5 or more hours per night (n=51).
Among the 51 patients, the mean reductions in
systolic and diastolic blood pressure were 5.6 and
3.3 mm Hg, respectively, as compared with 3.9 and

2.5 mm Hg, respectively, in the whole study popu-
lation. This subgroup, as compared with the whole
study population, had significantly greater mean
reductions in several other variables as well —
glycated hemoglobin (0.25 vs. 0.21%), CIMT (0.034
vs. 0.014 mm), triglycerides (26 vs. 19 mg per deci-
liter [0.29 vs. 0.21 mmol per liter]), HDL choles-
terol (4.16 vs. 0.04 mg per deciliter [0.11 vs. 0.00
mmol per liter]), LDL cholesterol (15 vs. 10 mg per
deciliter [0.39 vs. 0.26 mmol per liter]), and total
cholesterol (21 vs. 13 mg per deciliter [0.54 vs.
0.34 mmol per liter]). The changes in HDL choles-
terol and CIMT with CPAP were not significant in
the whole study population.

ORDER AND PERIOD EFFECTS
There was no significant effect of order of the
intervention on any outcome variable. A signifi-
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Variable Treatment Effect (95% ClI) P Value}

CPAP (N=86)  Sham CPAP (N=86)

Table 3. Effects of CPAP versus Sham CPAP on Components of the Metabolic Syndrome.*
Abdominal circumference — cm -0.53+2.42
Systolic blood pressure — mm Hg -3.07£8.02
Diastolic blood pressure — mm Hg ~ -2.81+6.07
Fasting blood glucose — mg/d| -1.78+11.37
Fasting insulin — mU/liter 1.75+11.48
Insulin resistance 0.42+3.10
Glycated hemoglobin — % -0.03+0.42
Triglycerides — mg/dl -18.86+71.43
Cholesterol — mg/dl
Total -9.36+31.46
HDL -0.05+£12.85
LDL -5.72+26.56
Non-HDL -9.32+32.94
HDL:total cholesterol 0.01+0.07
LDL:total cholesterol 0.00+0.08
Reversal of the metabolic syndrome 11 (13)
— no. (%)

Difference or Odds Ratio

0.20+3.49 -0.73 (-2.15 t0 0.68) 0.32
0.79+7.22 ~3.86 (~6.37 to —1.35) 0.001
~0.33+5.25 -2.49 (-4.13t0-0.85)  <0.001
~0.43+9.40 ~1.35 (-4.43 to 1.74) 0.10
3.33:14.54 -1.59 (-5.60 to 2.42) 0.35
0.81+3.67 -0.39 (-1.40 t0 0.62) 0.23
0.19+0.49 -0.21 (-0.36 to —0.07) 0.003
-0.21£80.75 ~18.65 (—41.57 to 4.27) 0.02
3.90+21.95 -13.26 (-21.25t0-5.28)  0.005
-0.08+12.28 0.04 (-3.82 to 3.89) 0.75
3.83+20.44 -9.55 (-16.65 to —2.46)  0.008
3.98+22.74 -13.30 (-21.79 to -4.82)  0.009
-0.01+0.07 0.02 (-0.01 to 0.04) 0.01
0.01+0.07 ~0.01 (0.03 t0 0.01) 0.58
1Q) 12 (9 to 99) 0.003

* Plus—minus values are means +SD. Treatment effect was calculated by subtracting the value after the 3-month intervention
period from the value before the period, except for reversal of the metabolic syndrome, for which percentages of patients
with reversal of the syndrome are shown. Difference was calculated for all variables except the metabolic syndrome, by sub-
tracting the sham CPAP effect from the CPAP effect; the value for reversal of the metabolic syndrome is the odds ratio.
To convert values for glucose to millimoles per liter, multiply by 0.055. To convert values for triglycerides to millimoles per
liter, multiply by 0.01129. To convert values for cholesterol to millimoles per liter, multiply by 0.02586.

7 P values were calculated with the use of the Wilcoxon signed-rank test, except for reversal of the metabolic syndrome,

for which Fisher’s exact test was used.

cant effect of time period was seen only for HDL
cholesterol (Table S8 in the Supplementary Ap-
pendix).

ADVERSE AND SERIOUS ADVERSE EVENTS
In one patient in the CPAP-first group, acceler-
ated hypertension developed during CPAP thera-
py; this patient was administered antihyperten-
sive drugs, the use of which constituted a protocol
violation. Another two patients in the CPAP-first
group had intolerance to CPAP therapy and dis-
continued it within the first month. A patient in
the sham-first group discontinued the sham CPAP
therapy. These four patients were excluded from
the analysis. Other adverse events reported includ-
ed skin irritation (in 51% of all patients), nasal
bridge discomfort (in 44%), nasal congestion (in
28%), headache (in 26%) and mask leaks (in 30%)
(Table S11 in the Supplementary Appendix). Pa-

tients undergoing sham CPAP reported no im-
provement in daytime somnolence.

DISCUSSION

Both obstructive sleep apnea and the metabolic
syndrome are important cardiovascular risk fac-
tors and they may act synergistically. CPAP is the
first-line treatment for moderately severe obstruc-
tive sleep apnea and may be useful for treating
the metabolic syndrome or metabolic abnormali-
ties associated with obstructive sleep apnea.

We specifically chose patients who had mod-
erately severe, or even more severe, obstructive
sleep apnea syndrome with the metabolic syn-
drome or some of its components. These patients
were selected because they have a high risk of
death or complications from the obstructive sleep
apnea syndrome. To eliminate confounding ef-
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Table 4. Effect of CPAP versus Sham CPAP on Anthropometric Variables.*
Difference
Variable Treatment Effect (95% CI) P Valuej
CPAP (N=86) Sham CPAP (N=86)
ESS score -5.3x4.4 -0.6+2.0 -4.7 (-5.6 to -3.8) <0.001
Weight (kg) -0.37+2.45 0.33+2.20 -0.70 (~1.40 to -0.03) 0.03
BMI -0.10+0.86 0.18+0.74 -0.29 (-0.51 to -0.06) <0.001
Waist-to-hip ratio -0.001+0.027 0.130+1.207 -0.131 (-0.389t0 0.127) 0.49
Percent of predicted neck -0.72+2.47 0.02+3.16 -0.74 (-1.52 to 0.05) 0.07
circumference (%)
Subcutaneous fat (cm?) -0.55+2.56 0.34x2.67 -0.89 (-1.67 to -0.12) <0.001
Visceral fat (cm?) -1.05+2.63 0.01+2.18 -1.06 (-1.80 to -0.32) 0.01
Ratio of visceral fat to subcu- -2.36+12.20 -0.48+8.27 -1.88 (-5.13 to 1.37) 0.49
taneous fat
CIMT (mm) 0.000+0.102 0.014+0.075 -0.014 (-0.040 to 0.001) 0.07

* Plus—minus values are means +SD. Treatment effect was calculated by subtracting the value after the 3-month intervention
period from the value before the period. Difference was calculated by subtracting the sham CPAP effect from the CPAP
effect. CIMT denotes carotid intima—media thickness, and ESS Epworth Sleepiness Scale.

T P values were calculated with the use of the Wilcoxon signed-rank test.

fects, only patients with the obstructive sleep ap-
nea syndrome who had not previously undergone
CPAP or any other therapy for components of the
metabolic syndrome were recruited. Despite ad-
equate blinding and randomization, patients in
the two intervention groups differed at baseline
with regard to key characteristics such as total
cholesterol, triglyceride, and glycated hemoglobin
values. However, since this was a crossover trial,
these differences should have had minimal ef-
fects on the results.

In 20% of the patients with the metabolic syn-
drome who underwent CPAP therapy, the meta-
bolic syndrome resolved within 3 months, which
is a clinically significant improvement. However,
the reversal of the metabolic syndrome was usu-
ally due to a significant reduction in only one of
the components, with no particular component
driving this effect. A randomized crossover trial by
Coughlin and colleagues® of a previously studied
population did not show a significant reduction
in the prevalence of the metabolic syndrome after
6 weeks of CPAP therapy, whereas an uncontrolled
trial*” showed a significant decline in the preva-
lence of the metabolic syndrome after 6 months.

In agreement with most prior studies, we have
demonstrated a significant reduction in blood
pressure with the use of CPAP.1*** The mecha-
nism for development of hypertension in patients
with obstructive sleep apnea may be related to

sleep fragmentation and nocturnal hypoxemia re-
sulting in sympathetic overdrive. This hypothesis
is further strengthened by the evidence of signifi-
cantly better response of blood pressure to CPAP
treatment in more compliant patients and the lack
of improvement in patients having obstructive
sleep apnea without excessive daytime somno-
lence.?®

There was also a significant improvement with
CPAP in the ratio of HDL to total cholesterol and
levels of total cholesterol, triglycerides, and LDL
and non-HDL cholesterol. A significant increase
in HDL cholesterol was seen only in more com-
pliant patients, a finding similar to results from
uncontrolled studies that have shown a benefi-
cial effect of CPAP on lipid abnormalities.3-16:17%.29
However, one crossover trial® did not find any
change, most likely owing to a small sample size
and short follow-up period.

As in the study by Coughlin and colleagues,®
we did not demonstrate an effect on fasting blood
glucose, fasting insulin, or insulin resistance with
CPAP. However, several uncontrolled studies re-
ported a decrease in insulin resistance.'»'3 The
divergence in results among these studies may be
due to racial or ethnic differences among the study
populations. We previously observed that insulin
resistance is dependent on obesity rather than ob-
structive sleep apnea in Indian patients,3° unlike
the independent relationship reported in Chinese
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patients.” The response of insulin resistance to
CPAP therapy is significantly greater if the BMI
(the weight in kilograms divided by the square of
the height in meters) is less than 30.12 The mean
BMI of our patients was about 33, which may ac-
count for the lack of improvement in insulin re-
sistance. However, we observed a significant de-
crease in glycated hemoglobin values with CPAP,
probably because glycated hemoglobin is a better
marker of glucose control over a 3-month inter-
vention period. Both blood glucose and insulin
resistance fluctuate on a day-to-day basis and,
unlike glycated hemoglobin, do not reflect long-
term glucose control. Furthermore, interpretation
of the homeostasis model assessment in patients
with diabetes is complicated owing to progres-
sive B-cell failure, which causes insulin levels to
decrease.

We demonstrated a significant decrease in BMI
and abdominal fat, by using CT, in association
with CPAP therapy. These findings could be sec-
ondary to a decrease in daytime somnolence and a
consequent increase in physical activity after CPAP
use at night. Although a direct effect of CPAP
therapy on fat reduction is debatable, we speculate
that CPAP has a favorable effect on leptin levels,
which have been shown to be elevated in patients
with obstructive sleep apnea3* and to normalize
with CPAP therapy.3?

Weight loss could also be a mechanism for
improvement in components of the metabolic syn-
drome in this study, as suggested by the correla-
tion of the metabolic syndrome with a change in
BMI. However, baseline BMI was not a determi-
nant of response to therapy. Participant subgroups
with more severe metabolic derangements at base-
line had greater treatment responses, though a
significant response was also noted among pa-
tients without baseline metabolic abnormalities.
As compared with participants in other studies,
our patients had more severe metabolic derange-
ments at baseline, which could be one reason for
the better response to CPAP therapy, in addition
to our relatively large sample size and long treat-
ment period.

Significant improvement in carotid intima-—
media thickness was observed among the more
adherent patients, suggesting a potential role for
CPAP therapy in reversing endothelial damage due
to obstructive sleep apnea and the metabolic
syndrome. The improvement in CIMT is similar
to that in a randomized study of 4 months’ dura-
tion in which the mean duration of compliance

was 6 hours.?®> A 3-month period is probably not
long enough to see positive effects in the whole
study group. CIMT also may not respond in the
same way as serum lipid levels, since plaque for-
mation involves a complex synergy of dyslipid-
emia, inflammation, and endothelial damage.

Clinical implications of our study can be ex-
trapolated from drug trials showing a 15% and
42% reduction in the risk of coronary heart dis-
ease and stroke, respectively, with each reduction
of 5 mm Hg in blood pressure3# and a 20% re-
duction in the risks of both coronary heart dis-
ease and stroke with each reduction of 40 mg per
deciliter (1.0 mmol per liter) in LDL cholesterol
level.>> We found a reduction in the systolic
blood pressure of 3.8 mm Hg and the diastolic
blood pressure of 2.4 mm Hg, along with a de-
crease in LDL cholesterol level of 9.8 mg per
deciliter (0.25 mmol per liter), after CPAP thera-
py. These results suggest a significant clinical
benefit that will lead to a reduction in cardiovas-
cular risk.

The implications of our study are strengthened
because, as compared with prior studies, it is large
and has a long follow-up period, as well as being
a placebo-controlled, double-blind, randomized,
crossover study. We incorporated a 1-month wash-
out period (chosen for convenience, with no guide-
lines to follow in this regard), which appeared
to be adequate for all study variables except HDL
cholesterol. Furthermore, we reported data on the
metabolic syndrome, which is a frequent co-occur-
rence with obstructive sleep apnea and has a syn-
ergistic cardiovascular risk.

Our study has several limitations. A longer
washout period may be required to ensure no car-
ryover effects. Ambulatory blood-pressure mea-
surements were not performed because of limited
access to equipment when the study began. In ad-
dition, follow-up polysomnographic data were
not collected.

In conclusion, 3 months of CPAP therapy in a
group of patients with moderate-to-severe obstruc-
tive sleep apnea syndrome was associated with a
decrease in both systolic and diastolic blood pres-
sure, lipid levels, glycated hemoglobin levels, BMI,
and abdominal fat content. CPAP treatment leads
to improved control of elevated blood pressure
and a reduction in metabolic abnormalities.
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