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Summary

The effect of positive airway pressure treatment on weight and markers of central

obesity in patients with obstructive sleep apnea remains unclear. We studied the

change in body weight and anthropometric measures following positive airway pres-

sure treatment in a large clinical cohort. Patients with obstructive sleep apnea with

positive airway pressure treatment from the European Sleep Apnea Database reg-

istry (n = 1,415, 77% male, age 54 � 11 [mean � SD] years, body mass index

31.7 � 6.4 kg/m2, apnea–hypopnea index 37 � 24 n per hr, Epworth Sleepiness

Scale 10.2 � 5.0) were selected. Changes in body mass index and neck/waist/hip

circumferences at baseline and at follow-up visit were analysed. Overall, body mass

index (0.0 [95% confidence interval, �0.1 to 0.2] kg/m2) and neck circumference

(0.0 (95% confidence interval, �0.1 to 0.1] cm) were unchanged after positive air-

way pressure treatment compared with baseline (follow-up duration 1.1 � 1.0 years

and compliance 5.2 � 2.1 hr per day). However, in non-obese (body mass index

<30 kg/m2) patients, positive airway pressure treatment was associated with an

increased body mass index and waist circumference (0.4 [0.3–0.5] kg/m2 and 0.8

[0.4–1.2] cm, respectively, all p < 0.05), and weight gain was significantly associated

with higher positive airway pressure compliance and longer positive airway pressure
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treatment duration. In the obese subgroup, body mass index was reduced after posi-

tive airway pressure treatment (�0.3 [�0.5 to �0.1] kg/m2, p < 0.05) mainly in

patients with a strong reduction in Epworth Sleepiness Scale. In conclusion, positive

airway pressure therapy was not found to systematically change body mass index in

the European Sleep Apnea Database cohort, but the response was heterogeneous.

Our findings suggest that weight gain may be restricted to an obstructive sleep

apnea phenotype without established obesity. Lifestyle intervention needs to be

considered in both lean and obese patients with obstructive sleep apnea receiving

positive airway pressure treatment.

K E YWORD S

body weight, central obesity, excessive daytime sleepiness, obstructive sleep apnea, positive

airway pressure

1 | INTRODUCTION

Obstructive sleep apnea (OSA) is a prevalent condition that affects

up to 17% of adult women and 34% of adult men (Garvey,

Pengo, Drakatos, & Kent, 2015; Peppard et al., 2013). Extensive

research has identified obesity as a major risk factor for OSA. In

particular, central adiposity is thought to increase pharyngeal col-

lapsibility by mechanical effects on pharyngeal soft tissue and

altered lung volume. Other data suggest a negative influence of

adipokines on upper airway neuromuscular control (Isono, 2012).

Consistent with these findings, it is the observation that weight

gain increases whereas weight loss reduces severity of sleep-disor-

dered breathing (Newman et al., 2005; Peppard, Young, Palta,

Dempsey, & Skatrud, 2000). However, these associations are con-

founded by the progressive character of OSA as evidenced by

epidemiological and experimental studies (Eikermann et al., 2007;

Peppard et al., 2013).

Studies have linked untreated OSA to an increased metabolic

rate, and this link was attributed to increased sympathetic activity

as well as elevated work of breathing during apnoeic events

(Shechter, 2017; Stenl€of, Grunstein, Hedner, & Sjostrom, 1996).

Other studies suggested that OSA treatment with positive airway

pressure (PAP) appears to increase body mass index (BMI), possi-

bly due to a reduction of metabolic rate (Shechter, 2016; Tachi-

kawa et al., 2016). However, lifestyle factors such as food intake

habits and physical activity are considered to have an even stron-

ger influence on energy balance, and PAP treatment does not

appear to have an appreciable effect on these factors (Joosten,

Hamilton, & Naughton, 2017). In a recent meta-analysis of 3,181

patients with OSA from randomized trials, body weight and BMI

were found to increase after PAP treatment (Drager et al., 2015).

There are data to suggest that weight gain is particularly evident

in patients with higher adherence to PAP therapy (Quan et al.,

2013). Whether these findings can be extended to the rather

heterogeneous clinical population of patients with OSA needs to

be further studied. Moreover, the association between reduced

daytime sleepiness and weight change after PAP therapy has not

been systematically explored in large clinical cohorts. The current

study therefore aimed to evaluate the effect of PAP treatment on

body weight and markers of central obesity in newly-diagnosed

patients with OSA in the European Sleep Apnea Database

(ESADA) cohort (Hedner et al., 2011). We hypothesized that

weight gain is linked to PAP therapy and associated with the

degree of compliance with therapy. We also hypothesized that

the change of daytime sleepiness after PAP in OSA provides an

influence on body weight.

2 | MATERIALS AND METHODS

2.1 | The ESADA cohort

The ESADA registry is a multi-centre, prospective patient cohort

reflecting a network of 30 sleep centres in 20 countries in Europe

and Israel (Hedner et al., 2011). The overall objective of ESADA is

to generate a clinically representative cohort and to prospectively

evaluate subjects with suspected sleep-disordered breathing. The

registry also provides data to identify cross-sectional and longitudi-

nal associations between OSA and various co-morbid conditions,

including cardiovascular and metabolic disease as well as mortality.

A central web-based platform is applied to collect patient informa-

tion from the participating sleep centres. In brief, patients with sus-

pected OSA and aged between 18 and 80 years are eligible for

inclusion in the registry. Anthropometric characteristics, information

on daytime symptoms and health-related lifestyle, such as smoking

and alcohol consumption, blood tests, medical history, medication

and sleep data are collected. Daytime sleepiness is quantified by

the Epworth Sleepiness Scale (ESS; Johns, 1991). The severity of

sleep-disordered breathing is assessed by polysomnography or

2 of 10 | BASOGLU ET AL.
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polygraphy according to the prevailing clinical routine at each par-

ticipating sleep centre (Escourrou et al., 2015). The ESADA protocol

was approved by the research ethics committee at each participat-

ing centre, and informed consent is obtained from all included

patients.

2.2 | Anthropometric assessment

Weight and height are determined in every patient; BMI is defined

as the body mass in kilograms divided by the square of the body

height in metres, and is expressed in kg/m2. Waist circumference

is taken horizontally to within 1 cm. Hip circumference (cm) is

measured at the level of greater trochanters, and the waist-to-hip

ratio is calculated. Neck circumference (cm) is measured in the

midway of the neck, between mid-cervical spine and mid-anterior

neck.

2.3 | Treatment and follow-up procedure

The ESADA registry captures information on OSA treatment, includ-

ing planned treatment procedures (e.g. PAP, oral device, surgery,

active weight reduction, drug and/or other treatment), and allows

for specific clinical follow-up routines practiced at each study site.

At the treatment follow-up visit (if applicable), information on

anthropometric assessments, clinical and biochemical data, and the

ESS score were collected. Details on the type of PAP device (e.g.

auto-titrated, continuous or bilevel), treatment start/stop time, mean

administered pressure (mbar) and compliance (hours of use per day

collected from machine time counter) were documented in PAP-trea-

ted patients.

2.4 | Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics 22.0

(IBM, Armonk, NY, USA). Results were reported as mean (standard

deviation [SD]) or mean (95% confidence interval [CI]). Between-

groups comparison was performed using the Chi-square test or

independent-samples t-test. Analysis of covariance (ANCOVA) was

used to compare the change of anthropometric measurements

from baseline to the PAP treatment follow-up. Analysis of vari-

ance (ANOVA) was used to analyse weight change in relation to

classes of ESS change. Subgroup analyses were performed using

BMI cut-off of 30 kg/m2 (median value). Generalized linear model

(GLM) analyses were used to identify independent predictors of

BMI change and the changes in other anthropometric variables.

Age, gender, current smoking, baseline BMI and apnea–hypopnea

index (AHI), subjective sleep time, cardiovascular/metabolic co-

morbidities, chronic obstructive pulmonary disease (COPD), psychi-

atric disease and intake of psychotropic medication (ATC N06) as

well as change in ESS score by PAP, PAP compliance and PAP

follow-up time were included in the multivariable analyses. All

tests were two-tailed, and statistical significance is considered at

p < 0.05.

3 | RESULTS

3.1 | Patient population

Data from a total of 19,556 patients with OSA from the ESADA reg-

istry were reviewed, and a subgroup of 4,313 subjects with PAP

therapy and follow-up data was identified (Figure 1). Subjects with

incomplete anthropometric and co-morbidity data at baseline and

follow-up, short PAP therapy follow-up time (≤30 days), or combined

PAP and active weight reduction treatment were excluded. The final

study population consisted of 1,415 patients with OSA with PAP

therapy alone. Characteristics of the whole study population or fol-

lowing allocation according to BMI (non-obese <30 kg/m2 and obese

≥30 kg/m2) are shown in Table 1.

3.2 | Change of anthropometric measures and
daytime sleepiness at follow-up

Body weight, BMI, waist and neck circumferences did not change

significantly after PAP treatment compared with baseline in the

entire study population, but there was a modest reduction of hip

circumference (�0.34 [95% CI, �0.65, �0.02] cm, p < 0.05;

Table 2). However, when obese (n = 731) and non-obese (n = 684)

patients were evaluated separately, BMI, body weight, waist and

hip circumferences decreased at follow-up in obese patients with

OSA (�0.3 [�0.5, �0.1] kg/m2, �1.2 [�1.9, �0.5] kg, �1.0 [�1.5,

�0.4] cm, �0.9 [�1.4, �0.3] cm, respectively, all p < 0.05). In con-

trast, these parameters increased in the non-obese group (0.4 [0.3,

0.5] kg/m2, 1.1 [0.7, 1.4] kg, 0.8 [0.4, 1.2] cm, 0.2 [�0.1, 0.5] cm,

p < 0.01, p < 0.01, p < 0.01, p = 0.18, respectively; Table 2). As

expected, there was a significant reduction of the ESS score after

PAP treatment in all patients (�4.4 [�4.7, �4.2], p < 0.05),

and the extent of reduction did not differ between the obese

and non-obese patients (Table 2). The degree of sleep apnea

at baseline did not influence the change in anthropometric

measures.

3.3 | Predictors of BMI increase with PAP
treatment in non-obese patients (n = 684)

A post hoc analysis using multivariate GLMs was performed to iden-

tify predictors of weight gain in non-obese patients with OSA after

PAP treatment (Table 3). In addition to baseline BMI, higher PAP

compliance, longer PAP treatment duration and shorter subjective

sleep time were associated with a BMI increase in non-obese

patients after controlling for confounders (b = �0.07 � 0.03,

0.12 � 0.03, 0.20 � 0.06 and �0.11 � 0.04, p = 0.008, p < 0.001,

p = 0.001 and p = 0.012, respectively). Patients with OSA with co-

morbid COPD also increased BMI after PAP treatment

(b = 0.56 � 0.28, p = 0.042). The change of waist circumference

was found to be positively correlated with PAP compliance and

treatment duration at follow-up (b = 0.21 � 0.11 and 0.44 � 0.21,

p = 0.042 and 0.042, respectively).

BASOGLU ET AL. | 3 of 10
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In patients using PAP 4 hr per day or more, weight gain was sig-

nificantly higher compared with non-compliant PAP users

(0.49 � 1.5 kg/m2 and 0.13 � 1.5 kg/m2, p = 0.014; Figure 2). The

change of ESS score following PAP did not systematically influence

the amount of weight change (Figure 3).

3.4 | Predictors of BMI reduction following PAP
treatment in obese patients (n = 731)

Predictors of weight change in obese patients with OSA after PAP

treatment were addressed in a multivariate GLM analysis. The

decrease of BMI in obese patients was associated with BMI at

baseline (b = �0.18 � 0.02, p < 0.001), as well as with the change

in ESS (b = 0.06 � 0.02, p = 0.020; Table 4). A strong reduction of

daytime sleepiness (ESS score reduction 8 units or more) following

PAP treatment was associated with a significantly more pro-

nounced decrease in BMI compared with no or only mild modifica-

tions of the ESS score (ANOVA, p = 0.006; Figure 3). Obese

patients with hyperlipidaemia appeared to increase the BMI com-

pared with patients with a normal lipid status (b = 0.63 � 0.14,

p = 0.012).

4 | DISCUSSION

The current large observational study suggests that PAP therapy is

not associated with systematic weight change in a general clinical

sleep laboratory cohort. However, weight gain was seen in a pre-

dominantly non-obese subgroup, while there was a modest weight

reduction in obese patients under PAP therapy. We found that

higher PAP compliance and longer treatment duration were associ-

ated with weight gain, while reduction of daytime sleepiness (ESS

score) after PAP was linked to weight loss. Our study suggests that

non-obese subjects with OSA are at particular risk for a modest

weight gain following PAP.

4.1 | Weight change after PAP therapy

Successful PAP treatment of OSA leads to increased daytime alert-

ness, which may allow a more active lifestyle, including intensified

exercise, reduction of caloric intake and subsequent weight loss. How-

ever, studies addressing the effect of PAP therapy on body weight and

composition have produced conflicting results. Stenl€of et al. (1996)

reported an increased energy expenditure during sleep that could be

F IGURE 1 Study flow chart. BMI, body
mass index; PAP, positive airway pressure

4 of 10 | BASOGLU ET AL.
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reduced by PAP treatment in patients with OSA. Other studies (Bam-

berga et al., 2015) demonstrated that night energy expenditure was

increased in obese patients with OSA and normalized in those compli-

ant with therapy, but neither weight nor daily physical activity was

changed. The overall effect of PAP therapy on body weight in patients

with OSA is no change or modest weight gain. A small study (Garcia,

Sharafkhaneh, Hirshkowitz, Elkhatib, & Sharafkhaneh, 2011) reported

that 40% of obese patients gained weight during 6 months of PAP,

and the change in body weight was associated with increased insulin

resistance. A randomized trial of PAP suggested that weight gain,

which was associated with PAP compliance, is a common

phenomenon in patients with OSA receiving PAP therapy (Quan et al.,

2013). On the other hand, both controlled and cohort studies assess-

ing the effect of PAP on BMI and body fat composition have reported

no change after therapy (Kritikou et al., 2013; Myllyla, Kurki, Antta-

lainen, Saaresranta, & Laitinen, 2016; Sivam et al., 2012). Another

study (Redenius, Murphy, O’Neill, Al-Hamwi, & Zallek, 2008) investi-

gating long-term effects of PAP treatment found an increase in BMI in

non-obese, but not obese, PAP users. Data from our large multicentre

ESADA cohort appeared to support this notion, and further demon-

strated an association between therapy compliance/duration of ther-

apy and weight change.

TABLE 1 Characteristics of the study population

Variables All patients (n = 1,415) BMI < 30 kg/m2 (n = 684) BMI ≥ 30 kg/m2 (n = 731)
Between group
difference p-value

Age (years) 54 (11) 54 (12) 54 (11) n.s.

Male gender (%) 77 78 75 n.s.

Current smoker (%) 23 23 22 n.s.

BMI (kg/m2) 31.7 (6.4) 26.8 (2.3) 36.3 (5.6) <0.001

Body weight (kg) 95.8 (21.2) 81.4 (11.0) 109.2 (19.5) <0.001

Neck circumference (cm) 42 (4) 40 (3) 44 (4) <0.001

Waist circumference (cm) 110 (15) 99 (9) 120 (13) <0.001

Hip circumference (cm) 112 (12) 103 (6) 119 (12) <0.001

Waist-to-hip ratio 0.99 (0.08) 0.96 (0.07) 1.01 (0.08) <0.001

Hypertension (%) 46 35 57 <0.001

Coronary artery disease (%) 9 9 9 n.s.

Hyperlipidaemia (%) 32 31 34 n.s.

Diabetes (%) 15 10 19 <0.001

COPD (%) 6 5 6 n.s.

Psychiatric disease (%) 12 13 10 n.s.

Psychotropic drug use (ATC N06, %) 13 12 14 n.s.

ESS 10.2 (5.0) 9.9 (5.0) 10.5 (4.9) 0.027

AHI (n per hr) 37 (24) 31 (20) 43 (25) <0.001

ODI 4% (n per hr) 29 (24) 21 (19) 36 (25) <0.001

Subjective sleep time (hr) 7.0 (1.4) 7.0 (1.3) 6.9 (1.5) n.s.

PAP follow-up duration (years) 1.1 (1.0) 1.1 (1.0) 1.0 (1.0) n.s.

PAP usage (hr per day) 5.2 (2.1) 5.2 (2.0) 5.2 (2.2) n.s.

Note: Values are mean (SD) or percentage of patients. AHI, apnea–hypopnea index; ATC, anatomical therapeutic chemical; BMI, body mass index;

COPD, chronic obstructive pulmonary disease; ESS, Epworth sleepiness scale; ODI, oxygen desaturation index; PAP, positive airway pressure.

TABLE 2 Change of anthropometric measurements and ESS at PAP follow-up

All patients (n = 1,415) BMI < 30 kg/m2 (n = 684) BMI ≥ 30 kg/m2 (n = 731)
Between-group
difference (ANCOVA)

Change of BMI (kg/m2) 0 (�0.1, 0.2) 0.4 (0.3, 0.5)* �0.3 (�0.5, �0.1)* <0.001

Change of body weight (kg) �0.1 (�0.5, 0.3) 1.1 (0.7, 1.4)* �1.2 (�1.9, �0.5)* 0.020

Change of neck circumference (cm) 0 (�0.1, 0.1) 0.2 (0.1, 0.4)* �0.2 (�0.3, 0)* 0.45

Change of waist circumference (cm) �0.1 (�0.5, 0.2) 0.8 (0.4, 1.2)* �1.0 (�1.5, �0.4)* <0.001

Change of hip circumference (cm) �0.34 (�0.65, �0.02)* 0.2 (�0.1, 0.5) �0.9 (�1.4, �0.3)* <0.001

Change of waist-to-hip ratio 0 (0, 0.01) 0.01 (0, 0.01)* 0 (�0.01, 0) 0.002

Change of ESS �4.4 (�4.7, �4.2)* �4.3 (�4.7, �3.9)* �4.6 (�4.9, �4.2)* 0.59

Note: BMI, body mass index; ESS, Epworth sleepiness scale. Shown as mean (95% CI); *p < 0.05.

BASOGLU ET AL. | 5 of 10
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Data from the population-based Penn State Adult Cohort (Fer-

nadez-Mandoza et al., 2015) suggested that weight gain during a fol-

low-up time of 7.5 years was associated with incidence and

persistence of excessive daytime sleepiness, while weight loss was

associated with its remission. In the current patient cohort study, we

also identified a prominent link between the change of sleepiness

and body weight after PAP in obese patients with OSA. It is possible

that reduced body weight resulted in a reduction of sleepiness.

Another possibility is that PAP-induced reduction of sleepiness led

to a lifestyle modification in the obese group that was evidenced by

a reduction of BMI. However, substantial weight reduction was only

seen in patients with considerable decrease of sleepiness. The exact

mechanisms behind weight changes in OSA still remain to be eluci-

dated. According to data from the Sleep Heart Health study, approx-

imately one-fifth of the relationship between weight change and

excessive daytime sleepiness was mediated by severity of OSA (Ng,

Orellana, Shaw, Wong, & Peeters, 2017). It is likely that PAP therapy

in our study has modified body weight via this pathway.

4.2 | Factors associated with PAP-related weight
change

Weight change during follow-up in the current study could have

been influenced by a number of factors. Higher PAP compliance was

associated with weight gain during follow-up in non-obese patients.

In a longitudinal Finnish cohort study (Myllyla et al., 2016), high PAP

adherence did not prevent continued weight gain. In the randomized

APPLE study (Quan et al., 2013), there was a significant weight gain

in the PAP group compared with a slight weight loss in the sham

group. Moreover, the degree of weight gain was associated with

adherence in the active PAP group. Our study findings add to these

previous findings by identifying potential predictors behind weight

TABLE 3 GLM analysis of predictors for the anthropometric measurement change in patients with BMI < 30 kg/m2 (n = 684)

D BMI (kg/m2) D Body weight (kg)
D Waist
circumference (cm)

D Hip
circumference (cm)

D Neck
circumference (cm)

Male gender b = 0.13 � 0.14

p = 0.36

b = 0.13 � 0.44

p = 0.76

b = �0.22 � 0.52

p = 0.67

b = 0.35 � 0.40

p = 0.39

b = 0.002 � 0.16

p = 0.99

Age (years) b = �0.008 � 0.006

p = 0.15

b = �0.02 � 0.02

p = 0.18

b = 0.01 � 0.02

p = 0.69

b = �0.01 � 0.02

p = 0.46

b = 0.003 � 0.006

p = 0.67

Baseline BMI (kg/m2) b = �0.07 � 0.03

p = 0.008

b = �0.22 � 0.08

p = 0.008

b = �0.29 � 0.10

p = 0.002

b = �0.10 � 0.07

p = 0.20

b = �0.03 � 0.03

p = 0.36

Smoking b = 0.12 � 0.14

p = 0.37

b = 0.45 � 0.43

p = 0.30

b = 0.54 � 0.50

p = 0.29

b = 0.09 � 0.39

p = 0.82

b = 0.13 � 0.16

p = 0.41

Subjective sleep time (hr) b = �0.11 � 0.04

p = 0.012

b = �0.30 � 0.14

p = 0.027

b = �0.15 � 0.16

p = 0.33

b = �0.03 � 0.12

p = 0.84

b = �0.09 � 0.05

p = 0.087

Diabetes mellitus b = 0.19 � 0.19

p = 0.32

b = 0.05 � 0.60

p = 0.94

b = 1.21 � 0.70

p = 0.084

b = 0.09 � 0.55

p = 0.88

b = �0.007 � 0.22

p = 0.97

Hyperlipidaemia b = 0.03 � 0.13

p = 0.81

b = 0.02 � 0.39

p = 0.97

b = 0.003 � 0.45

p = 0.99

b = �0.03 � 0.35

p = 0.93

b = �0.03 � 0.14

p = 0.84

Hypertension b = 0.02 � 0.13

p = 0.88

b = 0.15 � 0.40

p = 0.70

b = �0.28 � 0.46

p = 0.55

b = �0.14 � 0.36

p = 0.71

b = 0.01 � 0.15

p = 0.94

Coronary artery disease b = 0.24 � 0.21

p = 0.27

b = 0.37 � 0.66

p = 0.57

b = �0.04 � 0.76

p = 0.96

b = 0.05 � 0.60

p = 0.93

b = 0.03 � 0.24

p = 0.91

COPD b = 0.56 � 0.28

p = 0.042

b = 1.64 � 0.86

p = 0.057

b = 1.89 � 1.00

p = 0.058

b = �0.12 � 0.78

p = 0.88

b = 0.43 � 0.31

p = 0.17

Psychiatric disease b = 0.24 � 0.20

p = 0.22

b = 0.87 � 0.62

p = 0.16

b = 1.65 � 0.72

p = 0.021

b = �0.98 � 0.56

p = 0.08

b = 0.32 � 0.22

p = 0.16

Psychotropic medication (ATC N06) b = 0.007 � 0.21

p = 0.97

b = 0.15 � 0.64

p = 0.81

b = 0.13 � 0.74

p = 0.86

b = 1.00 � 0.58

p = 0.083

b = 0.03 � 0.23

p = 0.91

Baseline AHI (n per hr) b = �0.01 � 0.003

p = 0.016

b = �0.02 � 0.01

p = 0.042

b = �0.02 � 0.01

p = 0.10

b = �0.02 � 0.01

p = 0.046

b = �0.01 � 0.003

p = 0.045

Change in ESS score with PAP b = 0.002 � 0.01

p = 0.90

b = 0.01 � 0.04

p = 0.75

b = �0.03 � 0.04

p = 0.46

b = �0.04 � 0.03

p = 0.25

b = 0.008 � 0.01

p = 0.58

PAP follow-up duration (years) b = 0.20 � 0.06

p = 0.001

b = 0.43 � 0.19

p = 0.019

b = 0.44 � 0.21

p = 0.042

b = 0.61 � 0.17

p < 0.001

b = �0.06 � 0.07

p = 0.39

PAP compliance (hr per day) b = 0.12 � 0.03

p < 0.001

b = 0.32 � 0.09

p < 0.001

b = 0.21 � 0.11

p = 0.042

b = 0.04 � 0.08

p = 0.60

b = 0.07 � 0.03

p = 0.032

Note: Data shown as b � SE. AHI, apnea–hypopnea index; ATC, anatomical therapeutic chemical; BMI, body mass index; COPD, chronic obstructive

pulmonary disease; ESS, Epworth sleepiness scale; PAP, positive airway pressure.
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change during PAP treatment, including baseline BMI, subjective

sleep time, hyperlipidaemia and COPD. Importantly, our findings fur-

ther suggested that PAP therapy was associated with weight gain in

non-obese patients with OSA. PAP therapy has been suggested to

correct for an aberrant hormonal profile characterized by abnormally

high leptin and ghrelin levels in patients with OSA (Shechter, 2017),

and this may have modified food intake. However, further analysis in

the APPLE study showed that CPAP did not substantially change

diet or physical activity habits (Batool-Anwar et al., 2014). Our

results also support the notion that PAP treatment alone will not

lead to weight reduction, and that clinicians need to consider addi-

tional strategies aiming to facilitate weight loss in patients with OSA.

A randomized study in patients with mild OSA (Tuomilehto et al.,

2009) demonstrated that the effect of a very-low-calorie diet com-

bined with supervised lifestyle counselling may be effective to

achieve significant weight loss.

4.3 | Strengths and limitations

Our study has important strengths and limitations. First, the ESADA

cohort contains representative patients with OSA recruited throughout

different areas of Europe. Second, to the best of our knowledge, this is

one of the larger studies that includes longitudinal data on body compo-

sition and body weight change following PAP treatment in OSA. The

mean follow-up time is in excess of 1 year. A considerable number of

confounding factors have been controlled in the analysis. However,

while the ESADA confers advantages in terms of size, there are limita-

tions in terms of completeness of follow-up data and the variability of

treatment duration. Another limitation is that a selection bias cannot be

excluded as only a subgroup of patients is followed up in the ESADA.

These are likely to be those with higher PAP compliance. However, our

statistical analysis still included a substantial number of individuals with

a low PAP compliance of <4 hr per night (n = 280). In addition, the phe-

nomenon of regression to the mean may have attributed to the analysis

results. Further, the important confounding effects of socio-economic

background and the degree of physical activity on weight change were

not controlled in our study. Finally, the lack of a control group and the

observational character of the study need to be taken into account

when postulating any causal associations between PAP treatment and

weight change.

4.4 | Clinical implication and future research

Our study suggests that patients with OSA have a heterogeneous

weight response to PAP treatment. Beside the necessary weight

counselling that should be offered to all obese patients with OSA,

our data suggest that non-obese individuals started on PAP therapy

may need a long-term support in order to avoid weight gain. It is

important to note that the overall weight reduction of 1.2 kg in

obese patients with OSA in the current study is of clinical relevance.

According to a recent meta-analysis of 34 randomized weight loss

intervention trials, weight reduction of approximately 3.4 kg was

associated with an 18% risk reduction of all-cause mortality (Ma

et al., 2017). This number corresponded to six deaths fewer per

1,000 participants. Further research in the area might be directed

towards mechanisms that potentially modify body weight following

therapy of OSA with PAP. Our data may be helpful to calculate the

statistical power for future interventional and mechanistic studies.

5 | CONCLUSIONS

In this large cohort of European patients with OSA, PAP treatment

was not associated with a significant body weight change. In a sub-

group analysis, non-obese patients increased their body weight over

time, while obese patients with OSA showed a modest weight

F IGURE 2 Body weight change in relation to CPAP compliance
in non-obese/obese OSA patients. BMI, body mass index; kg,
kilogram; CI, confidence interval; CPAP, continuous positive airway
pressure; NS, non-significant

F IGURE 3 Body weight change in relation to ESS reduction in
non-obese/obese OSA patients. BMI, body mass index; ESS,
Epworth sleepiness scale; CI, confidence interval; NS, non-significant
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reduction. In addition, baseline BMI, subjective sleep time, change in

sleepiness and PAP compliance were independent predictors for

weight change following PAP treatment. Our study adds strong evi-

dence to the recommendation that active weight reduction strategies,

including lifestyle interventions, are implicated in the long-term man-

agement of both lean and obese patients with OSA on PAP therapy.
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eases, Turku University Hospital and Sleep Research Centre, Depart-

ment of Pulmonary Diseases and Clinical Allergology, University of
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Diseases, Ege University, Izmir, Turkey; Bielicki, P., Department of

Internal Medicine, Pneumonology and Allergology, Warsaw Medical

University, Warsaw, Poland; Dogas, Z., Sleep Medicine Center,

Department of Neuroscience, University of Split School of Medicine,

Split, Croatia; Escourrou, P., Service d�Explorations Fonctionnelles

TABLE 4 GLM analysis of predictors for the anthropometric measurement change in patients with BMI ≥ 30 kg/m2 (n = 731)

D BMI (kg/m2) D Body weight (kg)
D Waist
circumference (cm)

D Hip
circumference (cm)

D Neck
circumference (cm)

Male gender b = �0.09 � 0.28

p = 0.77

b = �0.08 � 0.85

p = 0.93

b = �0.45 � 0.69

p = 0.51

b = 0.36 � 0.64

p = 0.58

b = �0.21 � 0.21

p = 0.30

Age (years) b = �0.02 � 0.01

p = 0.15

b = �0.03 � 0.04

p = 0.38

b = �0.01 � 0.03

p = 0.78

b = �0.01 � 0.03

p = 0.73

b = �0.02 � 0.01

p = 0.052

Baseline BMI (kg/m2) b = �0.18 � 0.02

p < 0.001

b = �0.59 � 0.07

p < 0.001

b = �0.34 � 0.06

p < 0.001

b = �0.36 � 0.05

p < 0.001

b = �0.09 � 0.02

p < 0.001

Smoking history b = �0.31 � 0.29

p = 0.28

b = �1.13 � 0.86

p = 0.19

b = �1.19 � 0.70

p = 0.091

b = �0.39 � 0.65

p = 0.55

b = �0.11 � 0.21

p = 0.59

Subjective sleep time (hr) b = �0.09 � 0.08

p = 0.23

b = �0.35 � 0.24

p = 0.14

b = �0.38 � 0.19

p = 0.048

b = �0.29 � 0.18

p = 0.10

b = �0.08 � 0.06

p = 0.15

Diabetes mellitus b = 0.32 � 0.31

p = 0.29

b = 0.57 � 0.92

p = 0.54

b = �0.88 � 0.75

p = 0.24

b = �0.30 � 0.69

p = 0.67

b = �0.54 � 0.22

p = 0.015

Hyperlipidaemia b = 0.63 � 0.14

p = 0.012

b = 1.61 � 0.75

p = 0.031

b = 0.54 � 0.61

p = 0.38

b = 0.58 � 0.56

p = 0.31

b = 0.64 � 0.18

p < 0.001

Hypertension b = 0.20 � 0.26

p = 0.44

b = 0.31 � 0.77

p = 0.69

b = 0.90 � 0.63

p = 0.15

b = �0.26 � 0.58

p = 0.65

b = 0.32 � 0.19

p = 0.090

Coronary artery disease b = �0.53 � 0.41

p = 0.20

b = �2.02 � 1.23

p = 0.10

b = �1.98 � 1.00

p = 0.049

b = �0.99 � 0.93

p = 0.29

b = �0.35 � 0.30

p = 0.24

COPD b = 0.08 � 0.47

p = 0.87

b = 0.39 � 1.42

p = 0.78

b = 0.97 � 1.16

p = 0.40

b = 2.06 � 1.07

p = 0.055

b = �0.13 � 0.34

p = 0.71

Psychiatric disease b = �0.26 � 0.45

p = 0.56

b = �1.30 � 1.33

p = 0.33

b = �2.11 � 1.09

p = 0.052

b = �1.16 � 1.00

p = 0.25

b = �0.30 � 0.32

p = 0.35

Psychotropic medication (ATC N06) b = 0.36 � 0.40

p = 0.37

b = 1.69 � 1.20

p = 0.16

b = 1.21 � 0.98

p = 0.22

b = 2.22 � 0.90

p = 0.014

b = �0.34 � 0.29

p = 0.24

Baseline AHI (n per hr) b = 0.003 � 0.005

p = 0.58

b = 0.01 � 0.01

p = 0.52

b = �0.01 � 0.01

p = 0.58

b = 0.01 � 0.01

p = 0.48

b = 0.002 � 0.004

p = 0.53

Change in ESS score with PAP b = 0.06 � 0.02

p = 0.020

b = 0.14 � 0.07

p = 0.044

b = 0.07 � 0.06

p = 0.20

b = �0.005 � 0.05

p = 0.93

b = 0.02 � 0.02

p = 0.18

PAP follow-up duration (years) b = �0.03 � 0.12

p = 0.83

b = �0.22 � 0.36

p = 0.54

b = 0.12 � 0.29

p = 0.68

b = �0.28 � 0.27

p = 0.30

b = �0.16 � 0.09

p = 0.075

PAP compliance (hr per day) b = 0.05 � 0.06

p = 0.42

b = 0.11 � 0.17

p = 0.51

b = 0.03 � 0.14

p = 0.85

b = �0.03 � 0.13

p = 0.84

b = 0.02 � 0.04

p = 0.58

Note: Data shown as b � SE. AHI, apnea–hypopnea index; ATC, anatomical therapeutic chemical; BMI, body mass index; COPD, chronic obstructive

pulmonary disease; ESS, Epworth sleepiness scale; PAP, positive airway pressure.
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