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Study Objectives: Obstructive sleep apnea (OSA) is associated with an increased prevalence of metabolic syndrome (MetS), even in patients with morbid 
obesity. Our goal was to address whether continuous positive airway pressure (CPAP) treatment improved glucose metabolism in this population.
Methods: A prospective randomized controlled trial was performed in severe OSA patients with morbid obesity without diabetes in two university referral 
hospitals. Patients received conservative (CT) versus CPAP treatment for 12 weeks. MetS components, homeostasis model assessment of insulin resistance 
(HOMA-IR) and oral glucose tolerance were assessed at baseline and after treatment.
Results: A total of 80 patients completed the study (42 CPAP and 38 CT patients). After 12 w of CPAP treatment, weight loss was similar in both groups and 
physical activity, prevalence of MetS, and HOMA-IR did not change in either group. In the CPAP group impaired glucose tolerance (IGT) reversed in nine 
patients and IGT developed in none, whereas IGT reversed in five patients and IGT developed in five patients in the CT group (P = 0.039 in the Fisher test). 
Changes in 2-h plasma glucose after glucose load were greater in the CPAP group than in the CT group (CPAP: −0.5 ± 1.5 versus CT: 0.33 ± 1.9, P = 0.007).
Conclusions: The improvement of glucose tolerance in morbidly obese patients with severe obstructive sleep apnea, without changes in homeostasis model 
assessment of insulin resistance, supports an improvement in peripheral insulin resistance after continuous positive airway pressure treatment.
Clinical Trials Registration: NCT 01029561.
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INTRODUCTION
Obesity, and particularly central adiposity, has been recog-
nized as a significant risk factor in the pathophysiology of ob-
structive sleep apnea (OSA) in adults.1 Furthermore, obesity is 
not only a major risk factor for sleep apnea but also for cardio-
metabolic diseases. Metabolic syndrome (MetS) is a cluster of 
risk factors that include central obesity, dysglycemia, raised 
blood pressure, elevated triglyceride levels, and low high-
density lipoprotein (HDL) cholesterol levels,2 and is associated 
with an increased risk for diabetes, cardiovascular events, and 
mortality in the general population.2–4 Central obesity and in-
sulin resistance are key features of MetS.2

Data from both epidemiological and clinical studies suggest 
an independent association of OSA with the different compo-
nents of MetS, particularly insulin resistance, hypertension, 
and abnormal lipid metabolism.5 The common association be-
tween OSA and obesity makes it difficult to separate the role 
each one plays in their metabolic consequences.6,7 We recently 
reported that even in morbidly obese patients, OSA was associ-
ated with MetS independently of central obesity. Furthermore, 
the metabolic profile progressively worsened with increasing 
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Significance
Observational studies have suggested that obstructive sleep apnea (OSA) is associated with impaired glucose metabolism and metabolic syndrome. To 
date, it remains unclear whether sleep apnea treatment with CPAP is beneficial for glucose metabolism. This is the first study to investigate the effects 
of CPAP on glucose metabolism in a specific population of morbidly obese patients. These patients represent an extreme model for studying the relation 
between OSA and metabolic dysfunction because of an increased risk for both disorders. We demonstrated that an effective treatment of OSA with 
CPAP improves glucose tolerance in morbidly obese patients with severe OSA, without changes in HOMA-IR or metabolic syndrome. These results 
support an improvement in peripheral insulin resistance after CPAP treatment.

OSA severity,8 suggesting that OSA can play a significant role 
in the development of insulin resistance and metabolic distur-
bances beyond obesity.

Continuous positive airway pressure (CPAP) is the treat-
ment of choice for moderate-to-severe OSA in adults. CPAP 
prevents upper airway collapse during sleep and can amelio-
rate intermittent hypoxia and sympathetic overactivation, both 
of which are pathophysiological mechanisms involved in the 
metabolic and cardiovascular consequences of OSA.9

Many randomized controlled trials have shown that CPAP 
treatment clearly leads to an improvement in OSA patient 
health status,10 but few of them have analyzed its effect on the 
metabolic profile, and those that have reported contradictory 
results.11–15 It has been suggested that CPAP could positively 
affect metabolic variables only in patients with severe OSA 
without morbid obesity.16 However, the data supporting this 
hypothesis are scarce and further studies are needed to better 
identify what type of patients with OSA stand to benefit from 
CPAP treatment.

We performed a randomized controlled trial (RCT) com-
paring 12 w of CPAP to conservative treatment (CT) in a 
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population of morbidly obese patients with severe OSA without 
clinically overt diabetes. We hypothesized that, compared with 
CT 12 w of CPAP treatment would primarily improve insulin 
resistance and secondarily lead to a greater improvement in 
glucose tolerance, MetS, and metabolic profile.

METHODS

Trial Design
A parallel RCT comparing 12 w of CPAP treatment to CT was 
designed.

Participants and Study Settings
Patients included in the obesity surgery program were studied 
prospectively in two referral sleep clinics in Barcelona from 
January 2009 through July 2011. Inclusion criteria for the obe-
sity surgery program were: age between 18 and 65 y; a body 
mass index (BMI) ≥ 40 kg/m2 or BMI ≥ 35 kg/m2 with comor-
bidity related to obesity (hypertension, heart disease, degen-
erative osteoarthritis, and respiratory complications). Eligible 
patients had an apnea-hypopnea index (AHI) > 30 after a full 
overnight polysomnography (PSG). The exclusion criteria 
were: current or previous CPAP treatment, previously known 
diabetes mellitus or diabetic treatment, unstable cardiovascular 
conditions, severe cognitive or psychiatric disorders, chronic 
obstructive pulmonary disease, pregnancy, past or current his-
tory of alcohol abuse, refusal to participate, disabling daytime 
sleepiness, professional drivers or professionals performing 
potentially dangerous activities. The study protocol was ap-
proved by both Ethical Committees (PR052/08, 07/064/797). 
All participants gave their informed written consent. The trial 
registration number was NCT 01029561.

Interventions and Protocol
Included patients were randomized to receive individualized 
lifestyle counseling therapy plus CPAP (CPAP group) or con-
servative treatment (CT group) consisting only of individual-
ized lifestyle counseling therapy.

At baseline and after 12 w, each participant completed a 
detailed questionnaire on medical history, cardiovascular risk 
factors, and current medication. Exercise level and sleep dura-
tion were recorded in a self-administered International Phys-
ical Activity Questionnaire17 (IPAQ) and a sleep diary for 15 
consecutive days. Excessive daytime sleepiness was quantified 
by the Epworth Sleepiness Scale. Anthropometric characteris-
tics included BMI, neck circumference, waist circumference, 
waist/hip ratio, and percentage of body fat mass measured by 
electrical bioimpedance (BIA 101, Akern Bioresearch, Flor-
ence, Italy). Clinical blood pressure (BP) was measured ac-
cording to Spanish guidelines.18

Ethical Issues
After the indication for bariatric surgery, patients generally 
spend more than 1 y on the waiting list for surgery. During this 
time, patients receive medical care from an endocrinologist 
and respiratory and sleep studies are performed in order to re-
duce the perioperative complications associated with untreated 
sleep apnea. For ethical reasons, patients were included in our 

study after the first evaluation by the endocrinologist and were 
prioritized for overnight PSG, in order to avoid a delay in the 
beginning of treatment. At the end of the 12-w study period, 
CPAP treatment was initiated in all CT patients.

Polysomnography
OSA was determined by a full overnight PSG. The PSG (Si-
esta, Compumedics, Melbourne, Australia) included recording 
of oronasal flow (termistor and cannula), thoracoabdominal 
movements, electrocardiogram, submental and pretibial elec-
tromyography, electrooculogram, electroencephalogram, 
pulse oximetry, and body position sensor. Rechtschaffen and 
Kales’ criteria were used for the visual scoring of sleep stages. 
Apnea was defined as a cessation of flow for at least 10 sec, and 
hypopnea as any flow reduction of at least 10 sec, accompanied 
by a fall of ≥ 3% in SpO2 or microarousal. The AHI and the 
arousal index were defined as the number of apneas/hypop-
neas and arousals, respectively, per hour of sleep.

CPAP Titration and Compliance
CPAP titration was performed by an overnight PSG with 
manual CPAP titration or by autotitration devices.19 Objective 
treatment compliance was determined by dividing the number 
of hours recorded by the CPAP device’s built-in hour meter by 
all the nights of the study period. Patients with an average use 
time < 4 h per night were considered non-compliant.

Glucose Metabolism, Lipoproteins, and MetS Definitions
At baseline and after 12 w of CPAP or CT, a venous blood 
sample was obtained from all patients in fasting conditions; 
glycosylated hemoglobin (HbA1c), fasting plasma glucose 
(FPG), total cholesterol, triglycerides, and HDL cholesterol 
were determined with standard laboratory methods. In patients 
with FPG < 6.7 mmol/L, plasma glucose measurements were 
obtained 5 min before and 2 h after administration of 75-g oral 
glucose (2-h PG). Based on the results of the oral glucose tol-
erance test (OGTT), normal glucose tolerance was defined as 
2-h PG < 7.8 mmol/L, impaired glucose tolerance (IGT) as 2-h 
PG from 7.8 to 11.0 mmol/L, and diabetes as 2-h PG ≥ 11.1 
mmol/L.20 Insulin levels were determined by the automated 
chemiluminescence method and insulin resistance was esti-
mated using the homeostasis model assessment (HOMA-IR).21 
MetS was defined in accordance with the National Cholesterol 
Education Program Adult Treatment Panel III (NCEP-ATP III) 
modified criteria,2 and metabolic index (MI) as the number of 
individual MetS components for each patient.

Outcomes
The primary outcome was the change in insulin resistance 
measured by HOMA-IR. Other secondary outcomes were 
change in glucose tolerance measured by the oral glucose tol-
erance test, percentage of metabolic syndrome according to 
NCEP-ATP III modified criteria, and metabolic profile.

Sample Size, Randomization, and Statistical Analysis
Sample size calculations showed that 42 subjects were needed 
in each group to detect a difference greater or equal to 1 unit 
of HOMA-IR, assuming a standard deviation of 1.5 based 
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on previous results in the clinical database of morbid obesity 
in one of our centers, with a minimum power of 80%. The 
dropout rate for the study was estimated at 15%.

Simple randomization was performed by a statistician not 
involved in the study with a computer-generated sequence of 
random numbers for balanced allocation. Math.random() func-
tion was used to generate the random allocation sequence prior 
to study activation. We did not use any restriction or blocking 
method. Randomization was assigned using the central da-
tabase, where the previously reported number generation al-
gorithm was stored. According to eligibility screening by the 
research coordinator, the system generated a unique number 
that could not be modified or erased.

The treatment arm was not blinded to the participants, care 
providers, nor to the person assessing the statistical analysis. 
Continuous variables were shown as mean ± standard devia-
tion for normally distributed data or median (and interquar-
tile range) for non-normally distributed data, and categorical 
variables as proportions. The intention-to-treat principle was 
applied for the analysis of the differences between treatment 
groups, but missing data were not imputed in order to avoid 
the dilution effect. Changes from baseline of treatment with 
CPAP and conservative treatment were calculated by sub-
tracting the value after the 12-w intervention period from the 
value before the period, the t-test or the Mann-Whitney U test 
were used (continuous variables). We aggregated patients with 
IGT and those who screened positive for diabetes in the IGT 
category, as only three patients proved to be diabetic in the 
OGTT. Changes after 12 w in IGT and MetS were categorized 
as improved, worsened, or unchanged. The chi-square test or 
the Fisher exact test was used. Two-way analysis of variance 
(ANOVA) was used to assess changes in 2-h PG over time (re-
peated measures) and the interaction between it and the treat-
ment group. This analysis was adjusted for basal BMI using 
analysis of covariance (ANCOVA). Two-sided P < 0.05 were 
considered to indicate statistical significance. Statistical anal-
ysis was performed with the statistical software package SPSS 
V-19 (IBM Corporation, Armonk, NY, USA).

RESULTS
Two hundred forty-three patients were initially assessed for 
the study. Figure 1 shows exclusion causes and follow-up of 
participants. Ninety-eight patients were recruited, 44 of whom 
were assigned to CT and 54 to CPAP. Twelve patients in the 
CPAP group and six in the CT group discontinued follow-up; 
therefore, 80 patients completed the study and were analyzed. 
Patients who discontinued the study had lower BP and FBG 
compared to patients who completed the study (Table S1, sup-
plemental material).

Table 1 shows the baseline characteristics of the CPAP and 
CT groups. At baseline, patients in the CT group had higher 
BMI and waist circumference when compared to patients in 
the CPAP group (Table 1). There were no major differences 
in age, sex, body fat, treatments, physical activity, or OSA se-
verity between the two groups. Neither sleep efficiency nor 
sleep structure differed (Table S2, supplemental material) and 
metabolic variables and prevalence of MetS (Table 1) and its 
components were comparable at baseline.

Effects of Treatment
Objective mean compliance at 12 w in the CPAP group was 
5.4 ± 1.6 h per night. Thirty-six patients (86%) used the CPAP 
machine on average ≥ 4 h at 12 w. Mean CPAP pressure was 
10.0 ± 1.6 cmH2O. Patients in the CPAP group presented a sig-
nificant improvement in sleepiness compared to patients in the 
CT group (Table 2).

Table 2 and Figure 2 summarize the changes observed in 
both groups after 12 w of treatment. Both groups presented 
a slight but equivalent weight loss with a one-point decrease 
in BMI (Table 2). Insulin resistance measured by HOMA-IR 
did not change after treatment. Most of the other variables ex-
plored, including FPG or HbA1c, were also unchanged at 12 
w in both groups. The percentage of patients in which MetS 
reversed (19% versus 15.8%) and worsened (2.4% versus 7.9%) 
was similar in the CPAP and the CT groups.

Results of OGTT were obtained from 72 patients in both 
groups at baseline and after 12 w of treatment. Eight patients 
did not take part in the glucose tolerance test (eight missing 
values) and an additional three patients had a missing value 
in the numeric variable because of a data collection error. At 
baseline 18 of 38 patients (47.4%) patients in the CPAP group 
and 8 out of 34 (23.5%) in the CT group had IGT (P = 0.036). 
After 12 w of treatment with CPAP, IGT reverted to normal 

Figure 1—Study flow chart.

82 AIH < 30 hour -1

29 diabetic treatment
  5 invalidating somnolence
  2 bariatric surgery prioritized
  1 other surgical intervention
  2 pregnancy
11 denied consent
  4 COPD
  9 inflammatory disease

243 patients were assessed for bariatric surgery 

98 patients underwent randomization 

54 patients were 
assigned to CPAP 

44 patients were 
assigned to 
conservative 
treatment 

6 lost in follow up 9 lost in follow up 
3 had protocol violation: 

1 pregnancy 
2 bariatric surgery 

42 underwent the 
assigned intervention

38 underwent the 
assigned intervention
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glucose tolerance in 9 patients and glucose tolerance remained 
unchanged in 29 patients. In the CT group, IGT reverted to 
normal glucose tolerance in 5 patients, IGT developed in 5 

patients, and 24 remained unchanged (P = 0.039 at the exact 
Fisher test) (Figure 2). When this result was adjusted by lo-
gistic regression, baseline glucose intolerance was a predictor 

of improved oral glucose tolerance at 
the end of the study (P = 0.001). Ad-
ditionally, 2-h PG after a 75-g glucose 
load decreased more in CPAP patients 
than in those treated conventionally 
(Table 2). We observed a significant ef-
fect of the treatment group (P = 0.048 
ANOVA) in changes in 2-h PG over 
time (repeated measures). When we 
adjusted the same analysis for basal 
BMI (ANCOVA), it continued to have 
a trend toward significance (P = 0.081) 
and this covariable did not show sig-
nificance (BMI, P = 0.571 group 
P = 0.280).

When the six patients with < 4 h of 
CPAP compliance were excluded from 
analysis, the decrease of 2-h PG after 
75-g load at 12 w remained significant 
(CPAP −0.38 ± 1.5 versus CT 0.32 ± 1.9, 
mean difference −0.71, confidence in-
terval (CI) −1.5 to −0.27, P = 0.020).

Finally, because the CT group pre-
sented higher levels of obesity than the 
CPAP group, the analysis was repeated 
after excluding five extremely obese 
patients. The BMI of the two groups 
became comparable (45.7 ± 5.1 and 
47.5 ± 5.1 kg/m2, P = 0.077). Changes 
in the reversal of IGT, as well as the de-
crease of 2-h PG in OGTT in the CPAP 

Table 2—Effects of continuous positive airway pressure versus conservative treatment on clinical variables, glucose metabolism, and metabolic 
syndrome components.

CPAP Group (n = 42) Conservative Treatment Group (n = 38) Intergroup Differences 
Baseline 12 w Change Baseline 12 w Change Difference (95% CI) P 

BMI, kg/m2 45.7 ± 5 44.7 ± 5 −0.96 ± 2.6 49.3 ± 6.6 48.3 ± 7 −0.99 ± 2.0 −0.009 (−1.04 to 1.03) 0.589
Epworth Sleepiness Scale 7.9 ± 4.5 5.0 ± 3.8 −2.88 ± 4.2 7.9 ± 5.2 7.5 ± 5.0 −0.35 ± 3.6 −2.52 (−4.31 to −0.75) 0.006*
IPAQ, METS min/w 1838 (583–4207) 1386 (515–4460) 166 ± 630 1470 (352–3861) 990 (347–3213) −207 ± 2971 374 (−882 to 1631) 0.668
Total sleep hours, h/day 7.6 ± 2.1 7.3 ± 1.9 −0.31 ± 2 8 ± 1.7 8.1 ± 2 −0.06 ± 2 0.46 (−1.34 to 0.72) 0.944
Fasting insulin, mU/L (n = 40, n = 38) 25.7 (16 −32) 26.1 (20–34) 1.5 ± 17 25.0 (19–38) 26.7 (19–35) 0.053 ± 13 3.48 (−5.7 to 8.6 ) 0.291
HOMA-IR (n = 40, n = 38) 6.8 (4.4–8.7) 6.5 (5.2–9.3) 0.32 ± 4.4 6.4 (5.2–11.0) 6.7 (5.1–9.3) 0.044 ± 3.7 0.27 (−1.55 to 2.10) 0.530
Glycosylated hemoglobin, % 5.8 (5.5–6.1) 5.8 (5.5–6.1) 0.035 ± 0.2 5.7 (5.5–5.9) 5.6 (5.4–6.0) 0.075 ± 0.6 −0.04 (−0.23 to 0.15) 0.671
2h-PG, mmol/L (n = 35, n = 34) 6.7 (5.3–8.9) 6.2 (5.1–8.5) −0.5 ± 1.5 6.4 (5.0–7.0) 6.7 (5.7–7.9) 0.33 ± 1.9 −0.85 (−1.69 to −0.01) 0.007
MetS components

Waist circumference, cm 130 (120–137) 129 (119–137) −2.1 ± 6.8 134 (126–147) 133 (121–141) −3.3 ± 10.8 −1.2 (−5.18 to 2.18) 0.870
Systolic blood pressure, mmHg 136 ± 18 135 ± 15 −0.869 ± 14 145 ± 18 140 ± 19 −5.140 ± 17 4.27 (−2.68 to 11.23) 0.225*
Diastolic blood pressure, mmHg 85 (80–91) 87 (80–97) 0.747 ± 10 90 (83–100) 90 (80–90) −1.267 ± 15 2.01 (−3.56 to 7.59) 0.464*
Fasting glucose, mmol/L 5.8 ± 0.70 5.6 ± 0.67 −0.13 ± 0.57 5.7 ± 0.77 5.9 ± 2.3 0.205 ± 2.03 −0.33 (−0.10 to 0.40) 0.699
Triglycerides, mmol/L 1.45 (1.08–2.02) 1.50 (0.98–1.97) 0.018 ± 0.61 1.40 (1.17–1.94) 1.33 (1.2–2.0) 0.435 ± 2.8 −0.42 (−1.29 to 0.46) 0.942
HDL cholesterol, mmol/L (n = 42, n = 37) 1.17 ± 0.23 1.22 ± 0.28 0.044 ± 0.20 1.11 ± 0.24 1.15 ± 0.45 0.044 ± 0.38 0.0026 (−0.13 to 0.14) 0.572

Data are presented as median ± standard deviation or median (interquartile range) for continuous data. Treatment effect was calculated by subtracting 
the value after the 3-mo intervention period from the value before the period, intergroup changes are presented as mean difference ± standard deviation, 
P values were calculated with the use of the *t-test or Mann-Whitney U test. Bold type is used to indicate statistical significant differences. BMI, body 
mass index; CI, confidence interval; HOMA-IR, homeostasis model assessment of insulin resistance; IPAQ, International Physical Activity Questionnaire; 
MetS, metabolic syndrome; METS, metabolic equivalent tasks; 2-h PG, 2 h plasma glucose after administration of 75-g oral glucose.

Table 1—Baseline characteristics of the study population.

CPAP Group 
(n = 42)

Conservative 
Treatment Group 

(n = 38) P
Age, y 48.5 ± 8.6 44.6 ± 9.4 0.057
Sex, males n (%) 11 (26) 11 (29) 0.783
Anthropometric and physical activity variables 

BMI, kg/m2 45.7 ± 5 49.3 ± 6.6 0.007
Neck circumference, cm* 42 (40–46) 43 (40–48) 0.310
Waist circumference, cm* 130 (120–137) 134 (126–147) 0.040
Waist/hip ratio 0.93 ± 0.07 0.97 ± 0.1 0.100
Fat mass, kg 58 ± 12.5 63.9 ± 21.1 0.136
IPAQ, METS min/w* 1838 (583–4207) 1470 (352–3861) 0.661

Sleep data
Epworth Sleepiness Scale 7.9 ± 4.5 7.9 ± 5.2 0.892
Subjective sleep duration, h/day 7.6 ± 2.1 8 ± 1.7 0.386
AHI, events/h* 68.3 (43–88) 52.6 (37–78) 0.276
Time spent < 90% of TST, %* 13.8 (6–29) 17.7 (6–41) 0.765
ODI 3%, events/h 57.8 ± 28 52.5 ± 28 0.402

MetS
MetS, n (%) 34 (81) 29 (76.3) 0.613
Metabolic index, n* 3 (3–4) 3. (2.7–4) 0.868

Data are presented as n (%) for categorical data or as median ± standard deviation or *median 
(interquartile range) for continuous data. t-test or Mann-Whitney U test were used for continuous 
variables and chi-square or Fisher test were used for categorical variables. Bold type is used to 
indicate statistical significant differences. AHI, apnea-hypopnea index; BMI, body mass index; 
IPAQ, International Physical Activity Questionnaire; MetS, metabolic syndrome; METS, metabolic 
equivalent tasks; ODI, oxygen desaturation index; TST, total sleep time.
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group, remained significantly different (CPAP −0.94 ± 1.5 
versus CT 0.43 ± 2.1, mean difference −0.94, CI −1.86 to −0.043, 
P = 0.003). After 12 w of treatment with CPAP, IGT reverted 
to normal glucose tolerance in 9 patients and glucose toler-
ance remained unchanged in 29 patients. In the CT group, IGT 
reverted to normal glucose tolerance in 5 patients, IGT devel-
oped in 5 patients, and 20 remained unchanged (P = 0.030 at 
the exact Fisher test).

DISCUSSION
In the current study performed in nondiabetic subjects with 
morbid obesity and severe sleep apnea, we demonstrated that 
the effective treatment of OSA with CPAP for 12 w improves 
glucose tolerance without improvement in insulin resistance 
as measured by HOMA-IR. Other metabolic variables and 
MetS prevalence were not significantly different between the 
CPAP and conservative intervention groups. To the best of 
our knowledge, this is the first randomized controlled study to 
evaluate these aspects in this population and it provides new 
information about the benefits of CPAP therapy on glucose 
metabolism and its potential mechanisms. These findings are 
potentially relevant because impaired glucose tolerance, a risk 
factor for the development of type 2 diabetes, is very prevalent 
in obese subjects.

Studies addressing the effect of CPAP treatment on glucose 
metabolism have reported conflicting results.11–16 In a non-
controlled study, Harsch et al.11 were the first to observe an 
improvement in insulin sensitivity, as measured by hyperinsu-
linemic euglycemic clamp, following 2 nights of CPAP treat-
ment, in a group of nondiabetic Caucasian males with moderate 
OSA.11 In a crossover controlled study, no change in HOMA-IR 
was found in a more obese population of Caucasian males with 
severe OSA after 6 w of CPAP treatment when compared with 
sham-CPAP.12 More recently, Hoyos et al.14 did not find any dif-
ference in HOMA-IR in a 12-w RCT conducted in nonselected 
obese patients with OSA, but reported significant changes in 
the Insulin Sensitivity Index, though only in compliant patients. 
Another RCT conducted in overweight-obese Asian patients 
with moderate to severe OSA found a significant improvement 
in insulin sensitivity after only 1 w.22 In addition to the indi-
vidual negative results in changes in HOMA-IR after CPAP in 
the aforementioned and other studies,13,23 a recent meta-anal-
ysis of RCT showed a modest decrease of HOMA-IR (−0.44) 
after CPAP compared to sham CPAP, mainly in nondiabetic 
patients.24 It is noteworthy that in the studies by Hoyos et al.14 
and Coughlin et al.,12 mean CPAP use was lower than 4 h per 
night, suggesting that good adherence to CPAP may be crucial 
for the achievement of a positive effect of CPAP treatment on 
insulin resistance.

In spite of the lack of effect on HOMA-IR while fasting, 
we found that 12 w of CPAP therapy improved glucose tol-
erance. This apparent discrepancy between HOMA-IR and 
2-h PG during OGTT reflects the underlying physiological 
bases of IGT. IGT is associated with peripheral insulin resis-
tance, most importantly at the level of skeletal muscle.25 The 
HOMA-IR index is derived from the product of the fasting 
plasma glucose and insulin concentration and largely reflects 
the resistance of glucose production by liver and kidney to 

suppression by insulin, whereas hyperglycemic clamp–de-
termined insulin sensitivity reflects the sensitivity of muscle 
glucose uptake to stimulation by insulin.26 In this context, the 
improvement in glucose tolerance observed in our study after 
12 w of CPAP treatment may reflect the reduction in muscle 
insulin resistance. Previously, Weinstock et al.15 did not find 
any difference in glucose tolerance measured by OGTT after 
8 w of CPAP compared to sham CPAP in a moderately obese 
population, but they reported a positive effect of CPAP on 
2-h PG, HOMA-IR, the insulin sensitivity index, and the per-
centage of normalization of glucose tolerance in severe OSA 
(AHI > 30).15 Our results agree with data from Weinstock et 
al., because only patients with severe OSA were included 
in our study, and suggest that OSA severity is an important 
factor in studies addressing the effects of CPAP on glucose 
metabolism.

The positive data obtained at 12 w in the CPAP group re-
garding the response to glucose load indicate a potentially 
clinically relevant effect. The number of patients with IGT 
decreased in the CPAP group, with a shift toward normal re-
sponse to OGTT, but not in the CT group. This effect could be, 
in part, overestimated due to a higher proportion of patients 
with glucose intolerance at baseline in the CPAP group due to 
random bias. In fact, we have shown that baseline impairment 
was a significant predictor of improvement, but it is important 
to note that no patients worsened in the CPAP group and five 
patients (14.7%) became intolerant in the conservative group. 
In any case, IGT is a reversible strong risk factor of progression 
to diabetes and the development of cardiovascular disease.27,28 
Therefore, given the particularly high risk of the development 
of type 2 diabetes in severely obese patients with IGT, our find-
ings suggest a potential role of CPAP treatment as an adjunc-
tive therapy to lifestyle modifications and weight reduction, to 
prevent or delay the progression from pre-diabetes to type 2 
diabetes.

Figure 2—Effect of 12 w continuous positive airway pressure and 
conservative treatment on glucose tolerance in subjects with morbid 
obesity and severe sleep apnea. Improvement was considered if a 
patient with glucose intolerance had normal tolerance at the end of 
the study. Worsened was considered if a patient with normal tolerance 
turned to intolerant at the end of the study.
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In line with two previous controlled studies, the prevalence 
of MetS was unchanged after CPAP treatment. Coughlin et 
al.12 did not find any effect on the whole syndrome after 6 w 
of CPAP treatment compared to sham CPAP in a population of 
patients with severe to moderate OSA, detecting changes only 
in blood pressure. Hoyos et al.29 also observed no improvement 
in MetS in their unselected population with treated metabolic 
comorbidities. Taken together, these results suggest that the 
obesity factor is stronger than OSA in causing this cluster of 
metabolic abnormalities.

Apart from its randomized controlled design, other strengths 
of our study include satisfactory CPAP compliance compared 
with previous studies in which low CPAP compliance could 
have limited a positive change in glucose metabolism.12–14 In 
order to control the possible effect of physical activity on me-
tabolism we monitored it by IPAQ questionnaire: this impor-
tant confounding factor has only been addressed previously 
by West et al.,13 and our results agree with theirs, because 
CPAP treatment was not associated with changes in physical 
activity. Unlike previous studies, which were performed only 
in men12–14,23 or groups with a low percentage of women,11,24 our 
population was composed mainly of women, which gives an 
additional value to our study results.

Our study has a number of potential limitations that should 
be considered. First, it has to be taken in account that our main 
positive result, changes in glucose tolerance, was a secondary 
outcome in which we have some missing values; the study was 
designed according to insulin resistance defined by HOMA-IR. 
For that reason the power of the effect of the treatment group 
in changes in 2-h PG over time was calculated a posteriori 
and it was 0.946. Second, despite blinded randomization, pa-
tients in the CT group were heavier and had higher waist cir-
cumferences. We addressed this random bias by performing a 
post hoc analysis excluding patients with a higher BMI and by 
using the ANCOVA analysis. The main findings remained un-
changed. Additionally, both groups showed a decrease in BMI, 
probably because of diet and lifestyle counseling. Previously, 
weight loss programs have been used with positive results in 
patients with OSA30 and when we applied them equally to the 
two groups, both had an equivalent weight loss. Consequently, 
the changes in glucose tolerance can be attributed to the effects 
of CPAP. Finally, our patients, as a clinical population, under-
went active lipid-lowering and antihypertensive treatment that 
could have conditioned the differences between groups.

In summary, this RCT showed that, in individuals with 
both morbid obesity and severe sleep apnea, 12 w of CPAP 
treatment improved glucose tolerance without concomitant 
changes in the HOMA-IR index and physical activity. As the 
HOMA-IR index largely reflects hepatic insulin resistance and 
IGT is associated with peripheral insulin resistance, our study 
supports an improvement in peripheral insulin resistance as 
the preferential mechanism involved in the improvement in 
glucose tolerance after CPAP treatment. This study therefore 
contributes to the debate on the effect of CPAP treatment on 
glucose metabolism, and supports the use of CPAP as an ad-
junct therapy to lifestyle intervention in order to improve glu-
cose metabolism in individuals with morbid obesity and severe 
sleep apnea.

ABBREVIATIONS
2-h PG, plasma glucose after 2 hour overload in oral glucose 

tolerance test
AHI, apnea-hypopnea index
BP, blood pressure
CPAP, continuous positive airway pressure
CT, conservative treatment
FPG, fasting plasma glucose
HbA1c, the percentage of glycosylated hemoglobin
HDL, high-density lipoprotein
HOMA-IR, homeostasis model assessment of insulin 

resistance
IGT, impaired glucose tolerance
MI, metabolic index
MetS, metabolic syndrome
OGTT, oral glucose tolerance test
OSA, obstructive apnea-hypopnea syndrome
RCT, randomized controlled trial
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