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Background: Obstructive sleep apnea (OSA) is a common sleep disorder associated with several adverse health outcomes. Given the close as-
sociation between OSA and obesity, lifestyle and dietary interventions are commonly recommended to patients, but the evidence for their impact
on OSA has not been systematically examined.

Objectives: To conduct a systematic review and meta-analysis to assess the impact of weight loss through diet and physical activity on measures
of OSA: apnea-hypopnea index (AHI) and oxygen desaturation index of 4% (ODI4).

Methods: A systematic search was performed to identify publications using Medline (1948-2011 week 40), EMBASE (from 1988-2011 week 40),
and CINAHL (from 1982-2011 week 40). The inverse variance method was used to weight studies and the random effects model was used to
analyze data.

Results: Seven randomized controlled trials (519 participants) showed that weight reduction programs were associated with a decrease in AHI
(-6.04 events/h [95% confidence interval -11.18, -0.90]) with substantial heterogeneity between studies (I* = 86%). Nine uncontrolled before-after
studies (250 participants) showed a significant decrease in AHI (-12.26 events/h [95% confidence interval -18.51, -6.02]). Four uncontrolled before-
after studies (97 participants) with ODI4 as outcome also showed a significant decrease in ODI4 (-18.91 episodes/h [95% confidence interval
-23.40, -14.43)).

Conclusions: Published evidence suggests that weight loss through lifestyle and dietary interventions results in improvements in obstructive sleep
apnea parameters, but is insufficient to normalize them. The changes in obstructive sleep apnea parameters could, however, be clinically relevant
in some patients by reducing obstructive sleep apnea severity. These promising preliminary results need confirmation through larger randomized
studies including more intensive weight loss approaches.
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INTRODUCTION

Obstructive sleep apnea (OSA) is an increasingly prevalent
condition characterized by repetitive obstruction of the upper
airway during sleep accompanied by episodic hypoxia, arousal, and
sleep fragmentation." Apart from its impact on daytime alertness
and cognitive function with increased risk of road and workplace
accidents, OSA is associated with increased risk of cardiovascular
disease and metabolic disorders.”® OSA is also associated with
increased cardiovascular and all-cause mortality.* Common predis-
posing factors for OSA include older age, male gender, craniofa-
cial abnormalities, and, importantly, excess adiposity.’

OSA and excess adiposity often accompany each other with
the prevalence of OSA being high among obese individuals,
and with the majority of patients presenting with OSA being
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overweight or obese.® OSA is twice as prevalent in obese
compared to normal weight individuals."*7 A 10% weight
gain was observed to be associated with a 32% increase in the
apnea-hypopnea index (AHI), a key measure for OSA, while a
10% weight loss was associated with a 26% reduction in AHL®
While obesity is an important reversible risk factor for OSA,
it has been estimated that 58% of moderate to severe OSA in
adults is attributable to obesity,' highlighting the importance of
other contributory factors that impinge on airway anatomy and
control. Given the increasing prevalence of obesity worldwide,
the prevalence of OSA is likely to increase dramatically.

Several treatment options are available for OSA to improve
airway patency during sleep. The most commonly employed
treatment is continuous positive airway pressure (CPAP),
which is effective in improving airway patency and AHI, and
results in reduced daytime sleepiness.’ Using CPAP treatment,
however, can be problematic, resulting in inadequate adher-
ence and/or discontinuation of treatment.'® Given the issues
with CPAP usage and adherence, and the important association
between OSA and obesity, lifestyle change with weight reduc-
tion is a common clinical recommendation. Lifestyle change is
also likely to improve the cardiometabolic abnormalities that
often accompany OSA, including insulin resistance and type
2 diabetes mellitus, dyslipidemia, and hypertension.'-'*

Impact of Lifestyle Interventions on OSA—Araghi et al

220z 1snbny 0z uo 1senb Aq 91691 ¥Z/€SS L/01L/9€/e1one/das|s/woo dnoolwspede//:sdiy woll papeojumo(



Evidence for the efficacy of lifestyle change and weight loss
on OSA is available from both observational and randomized
controlled clinical trials, but this evidence has not been system-
atically reviewed. We sought to assess the effectiveness of life-
style loss interventions on severity of OSA. In particular, we
were interested in determining the mean changes in AHI and
oxygen desaturation index of 4% (ODI4) following termina-
tion of lifestyle interventions. We also tried to assess the impact
of these interventions on common symptoms of OSA such as
daytime sleepiness.

METHODS

Data Sources and Searches

Our study protocol was registered with International Prospec-
tive Register Of Systematic Reviews (PROSPERO) (Registra-
tion Number: CRD42011001511).%

A systematic search was performed to identify relevant
publications using Medline (from 1948), Embase (from 1988),
CINAHL (from 1983), Opengrey, OAlster, Zetoc, BioMed
Central, NLM Gateway, Cochrane Library, ISRCTN, and
www.clinicaltrials.gov (from database inception to April 2011).
We also checked reference lists and unpublished studies. The
search terms used were (“obstructive sleep apnea” or “obstruc-
tive sleep apnoea” or “sleep disordered breathing”) and (“life-
style” or “exercise” or “weight loss” or “weight” or “diet” or
“physical activity”).

Study Selection

To be eligible for inclusion, research papers had to report data
on adult patients (> 18 years old; male and female) with confirmed
diagnosed OSA (AHI > 5 events/h or ODI4 > 5 episodes/h)
and investigated lifestyle modification interventions (defined
as a comprehensive program of diet and/or exercise therapy'
without treatment with CPAP at the start of the interventions).
Surgical and pharmacological interventions were excluded.
Randomized and non-randomized studies that compared a life-
style modification intervention with no intervention, usual care,
or placebo were eligible for inclusion. Uncontrolled before-and-
after studies were also included to provide supportive evidence
given the small number of comparative studies identified.

Based on the above inclusion criteria, titles and abstracts were
screened independently by two authors (AJ, SC) withaccessto full-
text where necessary to select studies into the review. Disagree-
ments on inclusion decisions were resolved by discussion.

Data Extraction and Quality Assessment

We used a standardized form to extract data including: citation
information and study design, patients’ demographic and clin-
ical characteristics, length of weight loss intervention, length of
follow-up, and change in body mass index (BMI), AHI, ODI4,
and daytime sleepiness pre- and post- intervention. Extracted
data were checked for accuracy by AJ and SC. Authors were
contacted to provide additional data where needed.

We assessed the randomized controlled studies for method-
ological quality using Cochrane risk of bias tools. These studies
were assessed for random sequence generation, allocation
concealment, blinding (where blinding of the participants is not
possible, blinding of outcome assessors and data analysts were
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assessed instead), incomplete outcome data, selective outcome
reporting, and any other biases. We assessed uncontrolled
before-and-after studies for methodological quality using rele-
vant items from the Cochrane Effective Practice and Organisa-
tion of Care Group (EPOC) risk of bias tool for interrupted time
series studies, and items used by Chambers and colleagues'’
for assessing case series. The details on methodological quality
assessment of randomized controlled studies and uncontrolled
before-after studies are summarized in Tables S1 and S2 in the
supplemental material.

Data Synthesis and Analysis

Outcomes (AHI, ODI4, BMI, ESS) were combined
using random effects model of DerSimonian and Laird,'®
and expressed as weighted mean differences. Randomized
controlled trials and uncontrolled before-and-after studies were
analyzed separately.

For randomized controlled studies, data included in the anal-
ysis were the change from baseline to post- intervention between
intervention and control groups. For uncontrolled studies, the
data analyzed were the changes post intervention compared to
baseline for a single group. In the latter analysis with ODI4 as
the outcome, data from the intervention arm of one RCT" were
regarded as an “uncontrolled before-after studies” and were
also included. The meta-analysis was performed using RevMan
5.1 (Update Software, 2011). In order to weight the studies,
the inverse variance method was used.”® Meta-regression of
data from before-after studies and intervention arms of RCTs
was carried out using restricted maximum likelihood estima-
tors (REML) to examine the association between reduction in
weight and change in AHI and also between baseline AHI and
change in AHI. We assessed the presence of potential publica-
tion bias using Dear and Begg’s test’' implemented by “select-
Meta” package in R.? Statistical heterogeneity was assessed
using the Chi® test and the I? statistic, with I greater than 50%
indicating at least moderate heterogeneity. A P value < 0.05 was
considered to be statistical significance.

RESULTS

Study Characteristics

A total of 3,837 references were retrieved by the search. The
flow of the studies is shown in Figure 1. Review of the titles
and abstracts allowed for the exclusion of 3,791 publications.
We reviewed the full text of 46 studies that were potentially
suitable for inclusion in the systematic review. After excluding
duplicate studies and those that did not meet the inclusion
criteria, we identified 21 studies representing 893 patients for
inclusion. We included 7 randomized controlled trials'***-® with
a total of 519 participants, and 14 uncontrolled before-and-after
studies'**-*! with a total number of 374 participants.

All studies assessed the effect of weight loss through life-
style modification interventions such as diet, exercise, or using
both methods on patients with OSA. The length of the interven-
tion varied from 4 weeks to 24 months. Descriptive data for
the included studies are presented in Tables S3 and S4 in the
supplemental material.

Most studies were performed in Finland and the Unites States.
The rest of the studies were from Sweden, Spain, Australia,

Impact of Lifestyle Interventions on OSA—Araghi et al

220z 1snbny 0z uo 1senb Aq 91691 ¥Z/€SS L/01L/9€/e1one/das|s/woo dnoolwspede//:sdiy woll papeojumo(



Canada, and Brazil. The sample size varied from 8 to 264 indi-
viduals, with an average age of the participants being 49 years.
Despite the attempt to contact authors to provide data, we could
not obtain data regarding BMI change for one randomized
controlled study.® With the agreement with the independent
reviewers, the observational study by Johansson and colleagues®
was recognized as an independent study from their previous
randomized controlled study' and was eligible for inclusion.

A very-low calorie diet ([VLCD] intake < 800 kcal/d)
intervention was used by 13 studies.'#!9-24-23:28.30-32.34-36.3842 Eqyp
studies used combined interventions*2***3* including VLCD
with either exercise or cognitive behavioral therapy. Exercise
intervention was used by 4 studies.??74! Five studies reported
ODI4 as the outcome measure'?*%33-3%; 6 studies reported both
AHI and ODI41423:2632.3640, and 10 studies only reported AHI as
the Out00m6.24'25’28'29‘31'32’37'39’4'

The baseline BMI average varied from 29.0 to 54.6 kg/m?.
For the sleep outcome, AHI varied from 10/h to 66.5/h and for
ODI4 varied from 30/h to 51/hour.

Effect of Lifestyle Intervention on Obstructive Sleep Apnea
Figure 2 shows the forest plot of differences in AHI changes
between intervention and control groups after intervention in
randomized controlled studies. The pooled mean reduction in
AHI was -6.04/h (-11.18 to -0.90). Heterogeneity between
studies was high (Q = 42.26, df = 6, P < 0.00001, I* = 86%).
Figure 3 shows forest plot of AHI changes after intervention
from before-and-after studies. The pooled mean reduction in
AHI was -12.26/h (-18.51 to -6.02). Substantial heterogeneity
was observed between studies (Q = 64.92, df =8, P < 0.00001,
2=88%). All 5 uncontrolled studies with ODI4 outcome reported
significant reduction in amount of oxygen desaturation after the
intervention. Figure 4 shows forest plot of ODI4 changes after
intervention in uncontrolled studies. The pooled mean reduction
in ODI4 was -18.91 (-23.40 to -14.43). There was little hetero-
geneity between studies (Q =4.23, df=4,P=0.38, > = 5%).

Effect of Lifestyle Intervention on Body Mass Index

Figure 5 shows forest plot of differences in BMI changes
between intervention and control groups after intervention in
randomized controlled studies. They reported a reduction in BMI
after the interventions. The pooled mean change in BMI was
-2.32 kg/m? (-5.06 to 0.42), but heterogeneity between studies
was very high (Q =128.16, df=5, P <0.0001, I* = 96%). Figure
6 shows BMI changes after intervention in uncontrolled before-
and-after studies. They also reported significant reduction in
BMI. The pooled mean change in BMI was -4.94 kg/m? (-5.66 to
-4.21). No heterogeneity was observed within each type of life-
style interventions (e.g., diet, exercise, and both combined), but
significant reduction in BMI appeared to have been observed
only in diet or combined interventions and not in exercise inter-
ventions (test for differences between subgroups, P = 0.003).

Effect of Lifestyle Intervention on Daytime Sleepiness

Data on the effect of weight loss interventions on common
OSA symptoms was markedly lacking across studies. For the
meta-analysis, we presented the results from RCTs'*"* first
and then presented the results from before-after studies**2*¢ as
a subgroup. Figure S1 in the supplemental material shows the
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Potentially relevant references identified from database search
and additional sources (n = 3,837)

References could clearly be excluded on basis of
title/abstract (n = 3,791)

\

Potentially relevant studies identified (n = 46)

Articles excluded after review of full text (n = 25)
+ Notin English (n = 3)
+ No original data or review (n = 5)
+ Duplicate publication (n =2)
+ No associations of interest (n = 13)
+ Other intervention (n = 2)

\

Primary articles fulfilling inclusion for systematic review (n = 21)
+ Randomized controlled trials (n = 7)
+ Uncontrolled before-and-after studies (n = 14)

Figure 1—Flowchart of study selection.

forest plot of differences in Epworth Sleepiness Scale (ESS)
across RCTs and before-after studies. The pooled mean reduc-
tion of ESS from RCTS was -1.04 (-2.31 to 0.23) and no hetero-
geneity was found between studies (Q = 2.14, df =2, P=0.11,
I? = 0%). The pooled mean reduction of ESS from before-after
studies was -2.87 (-4.30, -1.44); small heterogeneity was found
between studies (Q =3.16, df =2, P=0.21, > =37%).

Sensitivity Analysis and Investigation of Heterogeneity

We re-run the meta-analysis excluding studies judged to be
of lower quality. The overall findings remained unchanged in
the sensitivity analysis.

Substantial heterogeneity was observed between studies in
the meta-analyses of AHI and BMI. We attempted to explore
the source of heterogeneity by performing subgroup analyses
and stratified the studies according to the baseline level of AHI
(> 25, 15-25, < 15 events/h), change in BMI (0-3, 3-5, > 5 kg/
m?), and duration of intervention, (< 12 weeks, > 12 weeks)
(Table 1). The results indicate that the greatest source of hetero-
geneity comes from studies with higher AHI at the baseline and
also with greater change in the BMI. Meta-regression of the
studies suggested positive correlation between baseline AHI
and change in AHI (r=-0.41, P=0.001; Figure 7) and between
weight loss and change in AHI (r = 0.56, P = 0.186) although
the latter did not reach statistical significance, partly due to the
small number of studies (Figure 8).

Assessment of Publication Bias
We assessed the presence of potential publication bias using
Dear and Begg’s test.?! There was no evidence of publication
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Study or Subgroup Weight
1.1.1 Diet
Habdank 2006 4.8%
Kemppainen 2008 16.8%
Johansson 2009 13.8%
Tuomilehto 2009 17.5%
Subtotal (95% Cl) 52.9%

Heterogeneity: Tau? = 84.46; Chi? = 36.57, df = 3 (P < 0.00001); 1> = 92%
Test for overall effect: Z = 0.86 (P = 0.39)

1.1.2 Exercise

Kline 2011 17.2%
Sengul 2011 13.3%
Subtotal (95% Cl) 30.6%

Heterogeneity: Tau? = 0.00; Chi?=0.22, df =1 (P = 0.64); I1>= 0%
Test for overall effect: Z = 2.84 (P = 0.005)

1.1.3 Diet+Exercise

Sleep AHEAD 2009 16.5%
Subtotal (95% CI) 16.5%
Heterogeneity: Not applicable
Test for overall effect: Z = 4.49 (P < 0.00001)

Total (95% Cl) 100.0%

Heterogeneity: Tau? = 36.55; Chi? = 42.26, df = 6 (P < 0.00001); I* = 86%
Test for overall effect: Z=2.30 (P = 0.02)
Test for subgroup differences: Chi? = 3.89, df =2 (P = 0.14), > = 48.6%

IV, Random, 95% ClI

Figure 2—Forest plot of differences in AHI (events/h) changes between intervention and control groups after intervention in randomized controlled studies.
|V, inverse varience method; Random, random effects model; Cl, confidence intervals.

Mean Difference
IV, Random, 95% CI

Mean Difference

20.30 (0.14, 40.46)
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-4.42 (-14.44, 5.61) <9

-4.30 (-7.85, -0.75) -
-6.30 (-13.90, 1.30) —t
-4.66 (-7.87, -1.44) ¢

-10.00 (-14.36, -5.64) .
-10.00 (-14.36, -5.64) ‘

-6.04 (-1118, -0.90)

\

-50 25 0 25 50
Favors intervention Favors control

bias across 21 studies. We computed a simulation-based P-value
to assess the null hypothesis of no selection bias across studies;
the overall computed P-value was 0.76, which strongly
supports our previous indication. Using estimated weight func-
tion, which is a proportional to the probability that a study is
published introduced by Dear and Begg,”' showed random
configuration (no observable trend) of the estimated weight
function, which visually confirmed the lack of bias across the
studies. Using Dear and Begg, the estimated weight function
for our study was as follows: 0.330, 0.088, 0.359, 0.999, 0.179,
0.385,0.174, 0.194, 0.153, 0.999, and 0.195.

DISCUSSION

The increasing prevalence of OSA, driven by increasing
levels of obesity necessitates an approach to treatment that
not only addresses the symptoms of OSA, but also the obesity
that contributes to OSA development and severity.! Addressing
obesity will also improve cardiometabolic outcomes that
frequently accompany OSA. Bariatric surgery is recommended
for those with the greatest severity of obesity and accompa-
nying comorbidities. Bariatric surgery, however, is not without
risk, is not widely available, and its long-term outcomes are
unknown. For the majority of patients with OSA, lifestyle
change and weight loss are recommended by guidelines,* but
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the evidence base for this recommendation remains unexam-
ined through systematic review and meta-analysis.

This study provides a systematic review of the literature
and quantitative assessments of the effect of the non-surgical
and non-pharmaceutical interventions on OSA. Based on the
21 studies included representing 893 patients with OSA, we
detected a reduction in AHI after completion of the interven-
tions. Subgroup analysis showed that the great source of the
heterogeneity comes from the studies with severe OSA at base-
line, and meta-regression indicated a linear relationship between
baseline AHI and reduction in AHI. While the latter suggests a
greater intervention effect in patients with more severe OSA,
possible influence of regression to the mean cannot be ruled
out,* which is a statistical feature that can be caused due to
enrolment of participants in trials based on a single baseline
OSA evaluation and included individuals with OSA defined at
varying in terms of severity across trials.

Our results indicated that interventions that employed
physical activity alone were not successful in reducing AHI
compared to dietary approaches. A combination of diet and
physical activity, however, resulted in significant reductions in
AHI. While physical activity alone may not be as effective for
weight loss as dietary interventions, it has a role in weight loss
maintenance. One of the biggest issues with lifestyle weight
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Study or Subgroup Weight
1.2.1 Diet
Suratt 1987 8.3%
Pasquali 1990 8.4%
Hernandez 2009 14.7%
Nerfeldt 2010 10.5%
Johansson 2011 13.8%
Subtotal (95% Cl) 55.7%

Heterogeneity: Tau? = 120.48; Chi? = 63.48, df = 4 (P < 0.00001); I* = 94%
Test for overall effect: Z = 2.78 (P = 0.005)

1.2.2 Exercise

Norman 2000 12.7%
Ueno 2009 8.8%
Subtotal (95% Cl) 21.5%
Heterogeneity: Tau? = 0.00; Chi?=0.16, df= 1 (P = 0.69); I*= 0%
Test for overall effect: Z = 3.45 (P = 0.0006)

1.2.3 Diet+Exercise
Sampol 1998 11.8%
Barnes 2009 11.0%
Subtotal (95% Cl) 22.8%
Heterogeneity: Tau? = 0.00; Chi?=0.08, df=1 (P = 0.78); I>= 0%
Test for overall effect: Z=2.30 (P = 0.02)

Total (95% Cl) 100.0%

Heterogeneity: Tau? = 68.41; Chi? = 64.92, df = 8 (P <0.00001); 12 = 88%
Test for overall effect: Z = 3.85 (P = 0.0001)
Test for subgroup differences: Chi? = 1.58, df =2 (P = 0.45), 1>= 0%

model; Cl, confidence intervals.

Figure 3—Forest plot of AHI (events/h) changes after intervention in uncontrolled before-after studies. IV, inverse varience method; Random, random effects
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Study Weight
Kajaste 1994 15.0%
Hakala 1995 38.6%
Lojander 1998 21.7%
Kansanen 1998 12.6%
Kajaste 2004 12.2%
Total (95% Cl) 100.0%

Heterogeneity: Tau? = 1.51; Chi? = 4.23, df = 4 (P = 0.38); 1= 5%
Test for overall effect: Z = 8.26 (P < 0.00001)

random effects model; Cl, confidence intervals.

Figure 4—Forest plot of ODI4 (episodes/h) changes after intervention in uncontrolled before-and-after studies. IV, inverse varience method; Random,
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loss intervention is sustainability of reduced weight. Data on
longer follow-up periods are extensively lacking. Tuomilehto
and colleagues® indicated that after one-year follow-up, the
average weight loss of their participants was 11 kg. Kajaste
and colleagues' also indicated that at 6-month follow-up, the
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mean reduction of weight loss was 19 kg and at 2-year follow-
up was 13 kg, which demonstrated that the participants were
enthusiastic to sustain to the changes. The result of the 2-year
dietary weight loss intervention by Nerfeldt and colleagues®
indicated that sustained improvement in OSA severity was
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Figure 5—Forest plot of differences in BMI (kg/m?) changes between intervention and control groups after intervention in randomized controlled studies.

Study or Subgroup Weight

1.4.1 Diet
Kemppainen 2008 17.5%
Johansson 2009 18.8%
Tuomilehto 2009 18.4%
Subtotal (95% Cl) 54.7%
Heterogeneity: Tau? = 12.16; Chi2 = 99.79, df = 2 (P < 0.00001); 12 = 98%
Test for overall effect: Z=1.80 (P = 0.07)

1.4.2 Exercise
Kline 2011 13.6%
Sengul 2011 13.7%
Subtotal (95% Cl) 27.3%
Heterogeneity: Tau? = 0.00; Chi? = 0.00, df = 1 (P = 0.97); 2= 0%
Test for overall effect: Z=0.75 (P = 0.46)

1.4.3 Diet+Exercise
Sleep AHEAD 2009 18.0%
Subtotal (95% Cl) 18.0%
Heterogeneity: Not applicable
Test for overall effect: Z = 4.65 (P < 0.00001)

Total (95% ClI) 100.0%
Heterogeneity: Tau? = 10.35; Chi? = 128.16, df = 5 (P < 0.00001); I* = 96%

Test for overall effect: Z = 1.66 (P = 0.10)

Test for subgroup differences: Chi?=7.97, df=2 (P = 0.02), 1>=74.9%

|V, inverse varience method; Random, random effects model; Cl, confidence intervals.

Mean Difference
IV, Random, 95% Cl

Mean Difference
IV, Random, 95% CI

390 (-5.64, -2.16) -
6,40 (-6.84, -5.96) "
-0.70 (175, 0.35) '
-3.68 (769, 0.32) <

110 (-2.81, 5.01)
1.00 (-2.88, 4.88)
105 (-1.71, 3.81)

-3.30 (-4.69, -1.91) =
-3.30 (-4.69, -1.91) ‘
2.32(-5.06,0.42) ¢
| | | |
I T T 1
-50 -25 0 25 50

Favors intervention Favors control

acquired following long-term weight loss maintenance. Similar
improvements were obtained following a 1-year weight loss
program by Johansson and colleagues." Using anti-obesity
medication could be considered as a promising approach to
achieve weight loss maintenance in long term.***” Thus, more
long-term studies are required to examine the effectiveness of
such treatment schemes in improvement of sleep apnea.

The meta-analysis of seven randomized controlled trials
involving 519 participants detected a reduction in AHI after
completion of the intervention. Substantial heterogeneity was
observed across studies. We explored the sources of hetero-
geneity by performing subgroup analysis; we categorized the
studies according to their baseline AHI, change in BMI, and
duration of the intervention. The results showed that a great
source of heterogeneity originated from studies with base-
line AHI > 25/hour and higher change in BMI > 5 kg/m?
The pooled estimate of these studies also showed a reduction
in BMI. The meta-analysis of fourteen uncontrolled before-
and-after studies involving 374 participants showed a reduc-
tion in AHI and ODI4. We observed mild heterogeneity across
studies with AHI as their OSA outcome. The source of hetero-
geneity was assessed by performing subgroup analysis. The
results showed that great source of heterogeneity originated
from studies with baseline AHI > 25/hour and higher change
in BMI > 5 kg/m.? The pooled estimate of these studies also
showed a reduction in BMI.
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Overall, few studies demonstrated normalization of AHI
with the interventions employed. For the seven randomized
controlled studies that have reported AHI as their outcome,
only two studies'*? attained a reduction in AHI more than 10/
hour. In nine uncontrolled studies that also reported AHI as their
outcome, only three studies****** reported a reduction in AHI
more than 10/hour. The significant reduction in ODI4 has been
achieved by all five uncontrolled studies. It seems that the inter-
ventions may have greater impact on reduction of ODI4 than
AHI. Apart from OSA, obesity has effects on ventilation, which
may explain the greater effect observed with ODI4.

Excessive daytime sleepiness is a common symptom of
OSA. Few studies—three randomized controlled trials'**"2
and three before-after studies®***—examined the impact of
lifestyle intervention on excessive daytime sleepiness or other
symptoms of OSA. The range of changes in ESS across the
studies varied from 1.2 to 4. It should be taken into account that
OSA symptoms are not necessarily related to OSA severity,*
and lack of data on subjective measurement of daytime sleepi-
ness does not minimize the importance of recognition of
adverse consequences of untreated OSA.** Future studies
should include assessment of OSA symptoms and quality of life
using validated instruments.

Weight has a significant impact on OSA status.' The mecha-
nisms are complex, with many factors contributing to the rela-
tionship between obesity and OSA. These include anatomical
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Study or Subgroup Weight
1.5.1 Diet
Suratt 1987 0.1%
Pasquali 1990 2.5%
Kajaste 1994 11.2%
Hakala 1995 0.9%
Lojander 1998 13.1%
Kansanen 1998 3.2%
Kajaste 2004 5.3%
Hernandez 2009 0.8%
Nerfeldt 2010 10.4%
Johansson 2011 24.4%
Subtotal (95% Cl) 71.9%

Heterogeneity: Tau? = 0.00; Chi? = 3.00, df = 9 (P = 0.96); I* = 0%
Test for overall effect: Z = 14.81 (P < 0.00001)

1.5.2 Exercise

Norman 2000 3.5%
Ueno 2009 3.2%
Subtotal (95% Cl) 6.7%

Heterogeneity: Tau? = 0.00; Chi?=0.69, df=1 (P = 0.41); 1= 0%
Test for overall effect: Z=0.36 (P = 0.72)

1.5.3 Diet+Exercise

Sampol 1998 17.3%
Barnes 2009 4.2%
Subtotal (95% Cl) 21.5%

Mean Difference

IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

-8.70 (-35.41, 18.01)

-6.60 (-11.10, -2.10) —

-4.60 (-6.49, -2.71) -

-3.20 (-10.89, 4.49) —_—

-5.00 (-6.70, -3.30) -

-3.00 (-6.92, 0.92) —t

-6.00 (-8.97,-3.03) —

-5.20 (-13.13,2.73) —_—

-5.00 (-6.99, -3.01) -

-5.50 (-6.51, -4.49) ]

-5.20 (-5.88, -4.51) }

-1.60 (-5.36, 2.16) —
0.70 (-3.20, 4.60) ——

-0.49(-3.20, 2.22)

-5.60 (-6.98, -4.22)
-6.00 (-9.40, -2.60)
-5.66 (-6.94, -4.37)

Heterogeneity: Tau? = 0.00; Chi? = 0.05, df=1 (P = 0.83); 1= 0%
Test for overall effect: Z = 8.65 (P < 0.00001)
Total (95% Cl) 100.0% -4.94 (-5.66, -4.21)

Heterogeneity: Tau? = 0.30; Chi? = 15.66, df = 13 (P = 0.27); 2= 17%
Test for overall effect: Z = 13.31 (P < 0.00001)
Test for subgroup differences: Chi? = 11.92, df = 2 (P = 0.003), I* = 83.2%

effects model; Cl, confidence intervals.

Figure 6—Forest plot of BMI (kg/m?) changes after intervention in uncontrolled before-and-after studies. IV, inverse varience method; Random, random

'
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-50 -25 0 25 50
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narrowing of the upper airway and physiological alterations
in airway control.*” Additionally, obesity affects ventilation
through increased abdominal pressure secondary to visceral
adiposity accompanied by impaired diaphragmatic and
ribcage movement. A number of RCTs'*?? investigating the
impact of weight loss on severity of OSA have reported that
a mean range of weight loss by 10% to 16% can reduce AHI
by 20% to 50%. Three uncontrolled before-after studies?-¢3#
on weight loss also reported that the average weight reduc-
tion by 13% and 30% is associated by decrease in AHI by
10% to 50%. A prospective analysis from the Wisconsin Sleep
Cohort® demonstrated that there is a dose-response relation-
ship between weight and AHI. Although the results from these
studies suggest that weight reduction can be beneficial in OSA
treatment, the lack of control groups, randomized design, and
sufficient sample size provide less reliable evidence. Thus, it
is important to interpret the findings from such studies with
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caution. The exact mechanism underlying the effect of weight
loss is yet to be confirmed.

The results from the studies with physical activity weight
loss shows that they did not report any significant change in
body weight and BMI. It might indicate that improvement in
OSA might goes beyond the weight loss. It can be argued
that the interventions have an impact on alteration of meta-
bolic activity of central fat tissue, which contributes to devel-
opment of OSA.>' There are several hypotheses regarding the
impact of increased physical activity and reduced AHI.3*5
It has been previously suggested that thermogenic enhance-
ment, energy alterations and body reinstatement are effectively
contribute to changes in sleep-awake cycle.> It has been found
that exercise training normalizes chemoreceptor sensitivity in
athletes, which can improve breathing.>* Netzer and colleagues
suggested that increased physical activity was associated with
improvement in muscle tonus of upper airways.’* They did not
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Table 1—The result of subgroup analysis

Subgroup category No. of studies  Pooled mean change in AHI (95% Cl) Heterogeneity, I
Randomized Controlled Studies
Baseline AHI
AHI = 25 (events/hour) 3 -4.91 (-21.97,12.15) 93%
AHI 15-25 (events/hour) 2 -9.08 (-12.87, -5.30) 0%
AHI < 15 (events/hour) 2 -1.99 (-5.58, 1.61) 48%
Test for subgroup differences: (P = 0.03)
Change in BMI
0-3 kg/m? 2 -7.12(-9.14, -5.10) 12%
3-5 kg/m? 2 -4.11(-5.89, -2.33) 0%
=5 kg/m? 2 -13.74 (-35.10, 7.61) 95%
Test for subgroup differences: (P = 0.07)
Duration of intervention
< 12 weeks 4 -8.78 (-15.65, -1.87) 88%
> 12 weeks 3 -0.67 (-11.18, 9.83) 88%
Test for subgroup differences: (P = 0.52)
Uncontrolled before-after studies
Baseline AHI
AHI = 25 (events/hour) 6 -15.60 (-22.95, -8.24) 1%
AHI 15-25 (events/hour) 2 -8.72 (-14.19, -3.25) 0%
AHI < 15 (events/hour) 1 -4.90 (-6.43, -3.37) N/A
Test for subgroup differences: (P = 0.01)
Change in BMI
0-3 kg/m? 2 -10.50 (-16.46, -4.53) 0%
3-5 kg/m? 1 -15.00 (-25.44, -4.56) N/A
=5 kg/m? 6 -12.30 (-20.92, -3.68) 92%
Test for subgroup differences: (P = 0.76)
Duration of intervention
<12 weeks 3 -14.79 (-24.41,-5.17) 69%
> 12 weeks 5 -12.66 (-19.85, -5.47) 76%
Test for subgroup differences: (P = 0.52)
N/A, not applicable; Cl, confidence intervals.
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Figure 7—Meta-regression of baseline AHI against reduction AHI (the Figure 8—Meta-regression of reduction in weight against reduction in
shaded area represents the 95% confidence intervals). AHI (the shaded area represent the 95% confidence intervals).
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detect any significant changes in body weight.** In a similar
study, exercise training found to be associated with enhanced
potency of pharyngeal muscles.*® The final hypothesis suggests
that possible cause of decrease in AHI is increased strength of
tongue muscles as a result of inspiratory and expiratory pres-
sure following an increase in physical activity.*

Compared to bariatric surgery, lifestyle weight loss interven-
tions such as diet and physical activity—with lower cost and
fewer adverse outcomes—are a viable treatment option for
OSA. Based on current evidence examined, however, these
interventions, are unlikely to normalize breathing during sleep.
Nevertheless, a sufficient change in AHI is likely to reduce the
severity of OSA, which will, in turn, reduce its cardiovascular
consequences.”’ The meta-regression carried out, although not
statistically significant (most likely due to lack of statistical
power) shows that the greatest weight loss is associated with
greatest improvement in AHI. At least 5%, and preferably 10%,
weight loss is required to be beneficial to making the greatest
impact on OSA parameters and cardiovascular health." Impor-
tantly, those with greatest AHI at baseline, who are at greatest
risk for cardiovascular consequences of OSA, are most likely to
benefit from the lifestyle interventions employed.

The most dramatic weight loss has been observed with
bariatric surgery and interventions employing very low calorie
diets (intake < 800 kcal/d).**% A systematic review of random-
ized weight loss trials with a minimum follow-up of a year
suggested that VLCD achieved up to 10% weight reduction
from baseline after a year, compared with pharmacologic treat-
ment (8%).' Obesity is a modifiable risk factor for OSA,* and
epidemiological studies have shown that approximately 90%
of diabetic obese patients had OSA.% The long-term outcomes
of bariatric surgery and VLCD interventions are unclear, with
both being associated with varying degrees of weight regain and
potentially the resurgence of OSA.* The findings from studies
employing VLCDs, however, demonstrate that this approach
may be useful clinically for reducing measures of OSA.

Our study has several limitations, particularly that the data
analyzed are limited to those reported in publications. The
quality of included studies was generally poor, and there are
many inherent weaknesses in uncontrolled studies, such as
temporal trends unrelated to the intervention and regression to
the mean. Consequently, while the results of our meta-analysis
showed pattern of improvement of OSA parameter outcome
in OSA patients, the significant heterogeneity between studies
in some of the outcomes and potential biases in the evidence
mandate a cautious interpretation of the findings and call for
further evidence of higher quality.

In conclusion, lifestyle weight loss interventions cannot
be accepted as a curative treatment for sleep apnea. It is well
known that weight reduction as a treatment for normalization
of sleep among OSA patients is more difficult than weight gain
prevention among these individuals. Lifestyle weight loss inter-
ventions can be used in early stage of the disease. There is a
now need for larger randomized controlled trials aiming for at
least 10% weight loss with long-term follow-up to determine
the efficacy of lifestyle interventions for OSA. In the mean-
time, given that there are cardiometabolic benefits of weight
loss, there is a need for a more proactive role in treating obesity
among the OSA patient population.
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SUPPLEMENTAL MATERIAL

Table S1—Quality assessment of randomized controlled trials

Sequence Allocation Incomplete  Selective outcome Free from

generation concealment Blinding outcome data reporting other bias
Kajaste et al., 2004 Low Risk Unclear Unclear Low Risk High Risk Unclear
Habdank et al., 2006 Unclear Unclear Unclear High Risk High Risk Unclear
Kemppainen et al., 2008% High Risk Unclear Unclear Low Risk Low Risk High Risk
Johansson et al., 2009™ Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk
Sleep AHEAD, 2009% Low Risk Low Risk Low Risk Low Risk Low Risk Unclear
Tuomilehto et al., 2009% Low Risk Low risk Unclear Unclear Low Risk Unclear
Kline et al., 2011% Low Risk Low Risk Low Risk Low Risk Low Risk Unclear
Sengul et al., 20117 Low Risk Unclear Unclear Low Risk Low Risk High Risk

Data from the intervention arm of Kajaste et al., 2004 is referred to as an uncontrolled before-and-after study in the main text and is analyzed alongside other
before-and-after studies reporting the outcome of ODI4.

Table $2—Quality assessment of uncontrolled before-after studies

Suratt  Pasquali Kajaste  Hakala Lojander Sampol Kansanen Norman Ueno Barnes Hernandez Nerfeldt Johansson

etal, etal., etal., etal, etal., etal., etal, etal., etal., etal, etal., etal., etal,
19874 1990% 1994% 1995% 1998% 1998% 1998% 2000% 2009* 20092 2009 2010% 2011%

1. Were selection/eligibility Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
criteria adequately
reported?

2. Was the selected Unclear  Unclear Yes Yes Yes Unclear Yes Yes Yes Yes Yes Yes Yes
population representative
of that seen in normal
practice?

3. Were patients recruited Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
prospectively?

4. Were patients recruited ~ Unclear ~ Unclear Yes No No No No No Yes Yes Yes Yes Yes
consecutively?

5. Did the study report Yes Yes Yes Yes Yes Unclear Yes Yes No Yes Yes Yes Yes
relevant prognostic
factors?

6. Was the intervention Unclear  Unclear Yes Yes Unclear  Unclear Yes Unclear Yes Yes Yes Yes Yes
independent of other
changes?

7. Was the intervention Unclear  Unclear Yes Yes Unclear  Unclear Yes Unclear Yes Yes Yes Yes Yes
unlikely to affect data
collection?

8. Were objective outcomes  Yes Yes Unclear Yes Yes Unclear Yes Yes Yes Yes Yes Unclear  Unclear

used or were outcomes
assessed blindly?

9. Were incomplete Yes Unclear ~ Unclear ~ Unclear  Unclear Yes Yes Yes Unclear Yes Yes Yes Yes
outcome data (missing
data or loss to follow-up)

adequately addressed?

10. Was the study free Unclear ~ Unclear  Unclear Yes Yes Unclear  Unclear Yes Yes Yes Yes Yes Yes
from selective outcome
reporting?

11. Was the study free from  Unclear ~ Unclear ~ Unclear ~ Unclear ~ Unclear ~ Unclear ~ Unclear ~ Unclear  Unclear Yes Unclear Yes Yes

other risks of bias?
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Table S3—Key characteristics of included studies

No. of Length of Length of
Trial Location | Design participants | intervention | follow-up | Intervention | Key findings

Surattetal., | USA Prospective 8 4 weeks NR Diet The number of apneas and hypopnea
19874 observational s significantly decreased in six of

eight patients. There was a significant
correlation between BMI and number of
disordered breathing events

Pasqualiet | Italy Prospective 23 6 months NR Diet Weight loss significantly reduced the

al., 1990% observational AHI and improved the mean of oxygen
desaturation peaks during apneas
(mSa0,). A significant correlation was also
found between weight loss and changes
in AHI

Kajaste et Finland Prospective 32 6 months 12 months, | Cognitive- At six months both the weight loss and the
al., 1994% observational 24 months | behavioural | reduction in ODI4 were statistically highly
(encouraging | significant for the whole study group. At
low calorie 24 months, the BMI was still lower than
diet) at baseline and ODI4 had returned to

its pre-treatment level. The correlation
between changes in weight and changes
in ODI4 was statically significant at the
6-month and the 2-year evaluation

Hakala et Finland Prospective 13 6 weeks NR Diet The change of posture from supine to

al., 1995% observational upright position improved daytime arterial
oxygenation in obese patients with OSA.
The findings suggest that by means of a
VLCD it was possible to induce a rapid
weight loss and consequent decrease in
nocturnal desaturations. ODI4 was within
the normal range in 7/13 patients after six
weeks on a VLCD

Lojanderet | Finland Prospective 24 6 weeks 1 year Diet There was no correlation between the
al., 1998% observational amount of weight loss and improvement
in ODI4 indexes. A nurse-managed
programme with a very low calorie diet
and behavioural management is safe and
effective on an outpatient basis

Sampol et Spain Prospective 67 NR 2 years Diet + Diet-induced weight loss maintains its

al., 1998% observational Exercise long-term efficacy in some OSA patients,
particularly those checked periodically
and who maintain their weight. The results
showed significant reduction in both BMI
and AHI

Kansanen et | Finland Prospective 18 3 months NR Diet Weight loss programme using a very low
al., 19983 observational calorie diet is an effective treatment for
OSA. Weight loss improved significantly
sleep apnea and had favourable effects
on blood pressure and baroreflex that may
have prognostic implications

Norman et USA Prospective 1 6 months NR Exercise Regular exercise training had a positive
al., 2000% observational impact on the AHI

Kajaste et Finland Randomized | 31 6 weeks 6 months, | Diet Satisfactory weight loss associated with
al., 2004 controlled trial 12 months, improvement of OSA could be achieved by
24 months means of a cognitive-behavioural weight
loss programme

Habdank et | Canada Randomized | 18 6 months NR Diet The intervention did not lead to greater
al., 2006% controlled trial weight loss or improved AHI compared to
usual care

NR, not reported. Table S3 continues on the following page
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Table S3 (continued)—Key characteristics of included studies
No. of Length of Length of
Trial Location | Design participants | intervention | follow-up | Intervention | Key findings
Kemppainen | Finland Randomized | 52 3 months NR Diet The intervention program achieved a
etal., 2008% controlled significant reduction in BMI and AHI. There
trial were no significant changes in rhinometric
measurement
Uenoetal., | Brazil Prospective 25 4 months NR Exercise The beneficial effects of exercise training
2009 observational on neurovascular function, functional
capacity, and quality f life in patients with
systolic dysfunction and heart failure
occurs independently of sleep disordered
breathing. Exercise training lessen the
severity of OSA
Barnes et Australia | Prospective 12 16 weeks 12 months | Diet + A supportive diet and exercise program
al., 2009 observational Exercise may be beneficial to obese patients
with mild to moderate sleep apnea. The
results showed significant improvement
in clinically important neurobehavioral
and cardiometabolic outcomes but no
significant change in sleep disordered
breathing
Johansson Sweden Randomized | 63 9 weeks NR Diet Treatment with a low energy diet improved
etal., 2009™ controlled OSA in obese men, with the greatest effect
trial in patients with severe disease
Hernandez USA Prospective 14 6 months NR Diet There was a significant reduction in the
etal., 2009% observational AHI between baseline and post weight
loss. Patients with worse sleep disordered
breathing at baseline had greatest
improvement in AHI
Sleep USA Randomized | 264 1 year NR Diet + Initial AHI and weight loss were the
AHEAD, Controlled Exercise strongest predictors of changes in AHI
2009% trial at 1 year (P < 0.01). Participants with
a weight loss of 10 kg or more had the
greatest reductions in AHI
Tuomilehto Finland Randomized | 59 10 weeks 3 months, | Diet The lifestyle intervention was found to
etal., 2009% controlled 12 months effectively reduce BMI and AHI between
trial study groups
Nerfeldt et Sweden Prospective 33 8 weeks 2 years Diet The weight reduction programme showed
al., 2010% observational limited success in reducing AHI. However
there were significant improvements in
weight, ODI, arousal index, and subjective
symptoms
Kline et al., USA Randomized | 43 12 weeks NR Exercise Exercise training had moderate treatment
2011% controlled trial efficiency for the reduction of AHI in
sedentary overweight/obese adults, which
suggests that exercise may be beneficial
for the management of OSA beyond simply
facilitating weight loss
Sengul et Turkey Randomized | 20 12 weeks NR Exercise Exercise appears not to change
al., 2011% controlled anthropometric characteristics and
trial respiratory functions while it improved
AHI, health-related quality of life, quality of
sleep, and exercise capacity in the patients
with mild to moderate OSA
Johansson Sweden Prospective 63 9 weeks 1 year Diet Initial improvements in Obstructive sleep
etal., 2011% observational apnea after treatment with a very low
energy diet can be maintained after one
year in obese men with moderate to
severe disease. Those who lose the most
weight or have severe OSA a baseline
benefit most
NR, not reported.
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Table S4—Key characteristics of study participants

Weight ~ Weight after BMI BMI after AHI AHI after OoDI4 ODI4 after

Age atbaseline intervention atbaseline intervention at baseline intervention at baseline intervention
Trial Sex (years) (ka) (kg) (kg/m?) (kg/m?) (events/h)  (events/h) (episodes/h) (episodes/h)
Surattetal., M/F 48 153.0 134.7 54.6 45.9 25.3 227 33.0 20.1
19874
Pasqualiet M/IF 46 105.1 86.7 375 30.9 66.5 33.0 NR NR
al., 1990%
Kajaste et M/F 48 NR NR 38.5 35.0 NR NR 38.6 23.9
al., 1994%
Hakalaetal, NR  NR 11.0 95.0 35.0 31.8 NR NR 31.0 10.0
1995%
Lojander et M 49 110.0 97.0 36.0 31.0 NR NR 30.0 13.0
al., 1998%
Sampol et M/F 53 NR NR 315 25.9 52.3 44.2 NR NR
al., 1998%
Kansanenet M/F 52 114.0 105.0 38.1 35.1 NR NR 31.0 19.0
al., 1998
Normanet  M/F 48 110.9 104.7 31.2 29.6 217 1.8 NR NR
al., 2000%
Kajaste et M/F 50 140.0 121.0 438 37.8 NR NR 51.0 23.0
al., 2004
Habdanket M/F 50 NR NR NR NR 26.3 34.3 NR NR
al., 2006%
Kemppainen M/F 50 NR NR 33.0 27.6 1.0 78 NR NR
etal., 2008%
Uenoetal., MF 58 NR NR 26.5 27.2 341 21.2 NR NR
2009*
Barnesetal., M/F 42 95.6 82.9 36.1 30.1 24.6 18.3 NR NR
2009%
Johanssonet M 48 1134 94.3 344 28.7 37.0 12.0 26.0 7.0
al., 2009
Hernandez ~ M/F 43 134.6 1"7.7 48.0 428 10.6 5.7 NR NR
et al., 2009%
Sleep M/F 61 102.9 90.5 36.8 33.0 22.9 17.5 18.6 13.1
AHEAD,
2009%
Tuomilehto ~ M/F 50 101.2 90.5 334 29.9 10.0 6.0 NR NR
etal., 2009%
Nerfeldt et M/F 52 122.0 110.0 40.0 35.0 43.0 28.0 420 23.0
al., 2010%
Klineetal, M/F 46 105.6 104.9 35.3 35.0 32.2 24.6 24.5 215
2011%
Senguletal, M 54 86.4 NR 29.7 29.2 15.1 1.0 NR NR
20117
Johanssonet M 30-65 113.1 95.4 34.8 29.3 36.0 15.0 25.0 9.0
al., 2011%

NR, not reported.
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Mean Difference Mean Difference

Study or Subgroup Weight IV, Random, 95% ClI IV, Random, 95% ClI
1.71RCTs l
Tuomilehto 2009 23.1% -0.80(-2.33, 0.73)
Johansson 2009 17.6% -2.00 (-4.09, 0.09) b
Sengul 2011 5.4% 1.70 (-3.15, 6.55) T
Subtotal (95% Cl) 46.1% -1.04 (-2.31,0.23) ‘

Heterogeneity: Tau? = 0.10; Chi? = 2.14, df =2 (P = 0.34); 1= 6%
Test for overall effect: Z=1.61 (P = 0.11)

1.7.2 Before-after studies

Barnes 2009 8.1% -2.70 (-6.47,1.07) -
Nerfeldt 2010 21.2% -4.00 (-5.71,-2.29) L
Johansson 2011 24.6% -2.00 (-3.40, -0.60) L
Subtotal (95% Cl) 53.9% 2.87 (-4.30, -1.44) ('}
Heterogeneity: Tau? = 0.59; Chi? = 3.16, df =2 (P = 0.21); 1= 37%
Test for overall effect: Z = 3.94 (P < 0.0001)
Total (95% Cl) 100.0% 2.01(-3.22,-0.79) ‘
Heterogeneity: Tau? = 1.05; Chi2 = 10.00, df = 5 (P = 0.08); 12 = 50%
Test for overall effect: Z = 3.24 (P = 0.001) . . . |
Test for subgroup differences: Chi2 = 3.54, df = 1 (P = 0.06), 1= 71.7% _5'0 _2'5 0 2'5 5'0
Intrvention No intervention
better better

Figure S1—Forest plot of Epworth Sleepiness Scale (ESS) changes after intervention across the studies. IV, inverse varience method; Random, random
effects model; Cl, confidence intervals.
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