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SUMMARY

Obesity and obstructive sleep apnea (OSA) have a reciprocal relationship. Sleep disruptions
characteristic of OSA may promote behavioral, metabolic, and/or hormonal changes favoring
weight gain and/or difficulty losing weight. The regulation of energy balance (EB), i.e., the
relationship between energy intake (EI) and energy expenditure (EE), is complex and multi-
factorial, involving food intake, hormonal regulation of hunger/satiety/appetite, and EE via
metabolism and physical activity (PA). The current systematic review describes the literature on
how OSA affects EB-related parameters. OSA is associated with a hormonal profile characterized
by abnormally high leptin and ghrelin levels, which may encourage excess El. Data on actual
measures of food intake are lacking, and not sufficient to make conclusions. Resting metabolic rate
appears elevated in OSA vs. controls. Findings on PA are inconsistent, but may indicate a negative
relationship with OSA severity that is modulated by daytime sleepiness and body weight. A
speculative explanation for the positive EB in OSA is that the increased EE via metabolism
induces an overcompensation in the drive for hunger/food intake, which is larger in magnitude
than the rise in El required to re-establish EB. Understanding how OSA affects EB-related
parameters can help improve weight loss efforts in these patients.
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Introduction

Obesity is a well-established leading risk factor for obstructive sleep apnea (OSA), and OSA
itself may promote further weight gain [1]. Although the reasons underlying this reciprocal
relationship remain uncertain, evidence from observational and laboratory-based studies
demonstrates a relationship between sleep and factors regulating body weight, such as food
intake and physical activity (PA) [2]. Sleep disruptions characteristic of OSA are expected to
be associated with behavioral, metabolic, and/or hormonal changes favoring weight gain
and/or difficulty losing weight. Supporting evidence comes from the finding that newly
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diagnosed OSA patients have a history of weight gain vs. sex, age, and body mass index
(BMI)-matched controls over the year prior to diagnosis [3]. Furthermore, compared to
BMI-matched non-OSA individuals, OSA patients with visceral obesity had a smaller
decrease in BMI and fat mass in response to a lifestyle intervention for weight loss [4].

When examining the effects of OSA on obesity, it is important to consider the factors
regulating energy balance (EB). Body weight gain is expected as a consequence of
excessively increased food intake and/or reduced PA [5]. Body weight stability is achieved
when energy intake (El) is equal to energy expenditure (EE). Thus, EB is the quantifiable
relationship between the intake and output of energy from the body.

The current goal is to explore if OSA alters behavior, hormones, and/or metabolism to
encourage an energy imbalance, such that El is increased relative to EE, and to examine the
functional implications of the disorder on EB regulation. This report will focus on
investigations of outcomes like food intake, the hormonal regulation of hunger/appetite/
satiety, PA levels, and energy metabolism in OSA patients, to determine if there is a
dysregulation of EB-related parameters in these patients. A particular focus will be on
methodological differences among studies, and how these may contribute to discrepancies.

Search strategy

A systematic literature review was conducted to identify manuscripts which investigated
aspects of EB regulation, namely parameters related to either EE or El, in OSA patients. The
web-based literature search included PubMed/MEDLINE and Embase databases. Search
terms were selected to reflect the condition and outcome parameters. For the condition,
search terms included: sleep apnea OR sleep apnoea OR sleep disordered breathing OR
CPAP (continuous positive airway pressure) OR positive airway pressure. For El, search
terms included: caloric intake; food intake; food preference; dietary quality; macronutrient;
hunger; appetite; satiety; hunger hormone; appetite hormone; satiety hormone. For EE,
search terms included: energy expenditure; thermogenesis; energy metabolism; physical
activity. Terms were searched in all possible combinations using Boolean Logic operators.
Additionally, a manual search of bibliographies of included articles was conducted to
identify relevant references which may not have been found by the automated search.
Obtained references were indexed and managed using EndNote X7 (Thompson Reuters,
New York, NY).

Eligibility criteria

The following criteria were required for selection: 1) original research investigations; 2)
conducted in humans; 3) conducted in adults; 4) include patients diagnosed with OSA of at
least mild severity (apnea hypopnea index [AHI] =5 events/h) based on polysomnography
(PSG). Studies were included if they were between-group comparisons of OSA patients vs.
controls or if they included a group of OSA patients without a control group and examined
them using regression analysis.
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Studies were excluded if they were in diagnosed OSA patients but did not include a relevant
EB-related parameter (i.e., food intake, hunger/appetite, EE, energy metabolism, PA), if they
did not include a PSG-based diagnosis of OSA, and if they examined the effects of CPAP
but did not include an examination of OSA vs. control at baseline.

To help reduce risk of source selection bias, there were no restrictions on date or country of
origin of research/publication. Specified EB-related parameters could be secondary/minor
outcomes within reports. Reviews, commentaries, editorials, letters to the editor, and case
reports were not included. In addition to a “forward” (i.e., utilizing databases and search
terms) search strategy, a “backward” or ancestry search strategy was utilized such that the
reference list of all relevant reports was searched to include references missed by automatic
search. Despite these efforts, having a single author conduct the literature search and data
extraction might have unintentionally led to some degree of selection bias.

To be selected, studies must have included at least one relevant EB-related parameter within
OSA patients. For El, this included circulating hormones known to regulate hunger/satiety/
appetite, and measures of food intake or habitual dietary patterns. For EE, this included
measures from indirect calorimetry (1C), accelerometry, and questionnaires on PA levels.

Reviewing procedure and data extraction

Database searches were first conducted in December 2015. In May 2016, the search was
conducted again to identify references published between December 2015 and May 2016.
All obtained references were reviewed, and if retained, data extraction was conducted by a
single author. The first level of review was title and abstract screening. Irrelevant references
were removed. Potentially relevant studies were further assessed by obtaining and reading
the full text and checking against the pre-specified eligibility criteria.

For each reference, the following variables were systematically extracted and entered into a
summary table: 1) authors; 2) year of publication; 3) journal; 4) sample size; 5) criteria and
cut-offs used to define OSA and control; 6) age and BMI; 7) study design; 8) outcomes; 9)
time of assessment and if done under fasting conditions; 10) statistical approaches; 11)
findings, including individual outcome variables (e.g., means, confidence intervals) and
whether any confounder adjustments were added to statistical analyses. The principal
summary measures were between-group differences in means for outcomes (OSA vs.
controls), and regression results indicating relationships between OSA severity and EB-
related outcome variables. A summary of the studies screened, assessed for eligibility, and
included is presented in Fig. 1. Additionally, a Newcastle-Ottawa scale (NOS) score was
assigned for case—control studies, [6]. NOS scores (up to nine stars, with increasing number
for increasing quality of non-randomized studies) are indicated in Tables 1-3.
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Food intake and preference

Main findings—Food preference was studied in a group of patients undergoing screening
for OSA, with the fiber-liking and fat-liking subscales of the Liking Scale completed in the
morning following the diagnostic study [7]. In a hierarchical multiple regression model
including sex and BMI, liking for high-fat food was associated with greater OSA severity,
based on respiratory disturbance index (RDI) [7]. In terms of actual food intake, based on
questionnaire, Vasquez et al. reported baseline findings from participants (n = 305) in the
apnea positive pressure long-term efficacy study (APPLES) trial of responses to a Food
frequency questionnaire [8]. After adjusting for age, BMI, and Epworth sleepiness scale
(ESS) score, individuals with RDI =50 events/h consumed significantly more cholesterol per
day than those with RDI <50 events/h, and consumption of protein, total fat, and saturated
fatty acids was increased in women with RDI =50 events/h vs. RDI <50 events/h [8].

Summary/considerations—Findings suggest that OSA severity is associated with
unhealthy dietary preference and choices, which might contribute to greater cardiovascular
morbidity in patients, though possibly not also contributing to obesity. Food intake is
essential to measure when considering EB regulation. Unfortunately, this has been one of the
least studied components of EB within adult OSA patients. No studies to date have assessed
actual/objective measures of food intake via a test meal or real-time tracking. Food choice
and EI should be systematically studied under real-life and laboratory conditions in OSA
patients.

Hormonal regulation of food intake

Main findings—\Various circulating peptides and hormones play a role in regulating
hunger, appetite, satiety, and food intake. These include hypothalamic factors (orexin,
neuropeptide Y [NPY]), gut hormones (ghrelin), and adiposity signals (leptin) [9]. Within
OSA, leptin, a satiety signal, has been the most extensively studied, and the hunger signals
ghrelin, orexin, and NPY have also been investigated.

Findings on the hormonal regulation of food intake are summarized in Table 1. Most reports
have been of significantly higher levels of plasma leptin within OSA vs. controls [10-19].
However, some have reported no differences in leptin between OSA and control [20,21].
Each of the aforementioned studies were between-group comparisons of OSA vs. controls,
which matched for age and BMI [10-21]. Samples were uniformly collected under fasting
conditions, in the morning [10-15,18,20,21], in both the morning and evening [16,19], or in
the evening only [17]. It remains unclear why the two studies failed to detect between-group
differences in leptin levels [20,21]. In looking at a cross-sectional distribution of leptin
secretion across AHI quartiles of different OSA severity, leptin levels in both the morning
and evening were positively correlated with AHI when adjusted for age-, sex-, and race, but
not after adjustment for BMI [22]. The evening/morning leptin ratio remained significantly
associated with AHI after correcting for age, sex, race, BMI, and waist-to-hip ratio [22].
Suggesting a role of obesity, significant differences in leptin levels were found between non-
obese OSA and non-obese controls, but not between obese OSA and obese controls [10].
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Leptin levels showed a trend (p = 0.07) to be increased in OSA patients with excessive
daytime sleepiness (EDS; ESS =13) vs. OSA patients without EDS (ESS <9) [23].

Most studies which have investigated plasma ghrelin report significantly higher levels in
OSA vs. controls [12,20,21,24]. However, no difference in ghrelin between OSA and control
has also been reported by some [18,25]. These findings were from between-group
comparisons of OSA vs. controls sampling under morning fasting conditions, which
typically matched for age and BMI [12,18,20,21,25]. In the case which matched for age but
not for BMI, significant between-group differences persisted after controlling for BMI in the
analyses [24]. Chihara et al. additionally sampled ghrelin following a standardized breakfast
and noted significantly increased postprandial ghrelin levels in patients vs. controls [20].
Plasma ghrelin levels were significantly lower in OSA with EDS vs. OSA without EDS [23].

Three studies focusing on plasma orexin report significantly lower levels in OSA vs.
controls [26-29]. Conversely, one other study has reported significantly higher levels in
patients vs. controls [30]. These were between-group comparisons of OSA vs. controls,
some matched for both age and BMI [28-30], but others matched for only age [27] or BMI
[26]. Orexin levels were significantly higher in OSA with EDS than without [23].

Two between-group studies reported significantly increased NPY levels in OSA vs. controls
[10,16], and one reported no between-group difference [31]. The positive studies contained
adequate age- and BMI matching, and were also conducted under fasting conditions in the
morning [10] or evening [16]. The study showing no difference was matched for age but not
BMI, and collected blood in the afternoon under non-fasted conditions [31].

Summary/considerations—The high amount of attention given to leptin in OSA is
unsurprising, since leptin is involved in food intake and is also known to be affected by
obesity. The evidence suggests that leptin levels are abnormally high in OSA, which, similar
to the hyperleptinemia seen in obesity, may contribute to a “leptin resistance” within OSA.
This, in turn, may predispose patients to further weight gain and help explain the reciprocal
relationship between OSA and obesity [1,17]. Ghrelin levels also appear to be higher in
OSA, consistent with a hormonal profile which would predispose to high EI. More work
should be done to explore the effects of OSA on orexin, as this neuropeptide is known to be
involved in the regulation of arousal/wakefulness and appetite. However, it should be noted
that circulating orexin and NPY levels in plasma may not be representative of central levels
and therefore a less clinically relevant outcome.

For these hormone studies, it is critical to control for BMI, time of sampling, and feeding
state: leptin [32,33], orexin [34], and possibly ghrelin [35] show a dirurnal/circadian
variation, and leptin levels are stimulated by food intake [36], whereas ghrelin levels
decrease after a meal [37]. Although the data provide a potential mechanistic basis for a
dysregulation of food intake within OSA, more studies are required to convincingly link the
hormonal control of hunger and satiety to actual food intake in these patients.

Sleep Med Rev. Author manuscript; available in PMC 2017 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shechter Page 6

Energy expenditure via indirect calorimetry

Main findings—Findings on EE via IC are summarized in Table 2. Resting metabolic rate
(RMR) was investigated in 6 cross-sectional studies comparing values in OSA and controls,
in the morning after an overnight fast [38—43]. In four of the six studies, in which the
patients and controls were adequately matched for BMI and age [40-42], or just age [38],
RMR was significantly higher in OSA vs. controls. In the remaining two [39,43], one of
which did not match for age [43], no between-group difference in RMR was observed. Two
additional studies utilized linear regression to assess the relationship between RMR and
OSA severity [44,45]. Both found a significant positive association between RMR and
increasing OSA severity, either defined with AHI [45] or RDI [44].

Although theoretically expected to be increased in OSA vs. controls, due to increased
nocturnal arousals, findings on sleeping metabolic rate (SMR) are inconsistent [39,41,46].
Using a ventilated hood-1C system, Lin et al. reported a significantly increased SMR in
patients vs. controls [39], whereas Stenlof et al., using a whole-room indirect calorimetry
(WRIC), found no difference [41]. It should be noted that the latter study was small (n =5
patients and n = 6 controls), and that the snoring control group was not completely without
some degree of OSA [41]. Also using WRIC, a significant negative correlation was found
for SMR and 24-h EE with OSA severity (total recording time with SaO, <90%) [46]. These
findings are inconsistent with Stenlof et al., the only other study to compare 24-h EE via
WRIC, who observed significantly increased 24-h EE in patients vs. controls [41].

The effects of OSA on adaptive thermogenesis (i.e., the portion of EE which is considered
non-obligatory thermogenesis, and which can be manifested as increases or decreases in EE
after changes in body weight, food intake, hormones, or sympathetic activity) were
investigated in OSA patients using WRIC [47]. In the investigation, non-OSA controls were
first studied to determine reference values of predicted daily EE and sleeping EE based on
different body weights. As a measure of possible adaptive thermogenesis, these reference
values were used to calculate differences in the predicted and WRIC-measured EE values in
OSA patients, which were then correlated with severity of nocturnal oxygen desaturation
[47]. Within OSA patients, the severity of nocturnal hypoxia was negatively correlated with
the difference between measured and predicted EE values [47]. These findings indicate that
lower than predicted EE occurs in conjunction with worsened OSA severity, possibly as a
function of intermittent hypoxia or increased sympathetic drive. The observed adaptive
decrease in thermogenesis with worsened OSA severity may be a contributor to increased
susceptibility to weight gain in these patients.

Summary/considerations—Based on studies utilizing IC, the gold-standard method to
measure EE, OSA appears to result in increased RMR. Although the effects of OSA on
SMR and 24-h EE are less consistent, this finding is important, since RMR represents the
largest component of overall EE. These increases in RMR may seem paradoxical, since it
can be assumed that increased EE would preclude the development of a positive EB.
However, work from our group has shown that the added thermogenesis associated with
increased wake time during short sleep is much smaller in magnitude than the induced
increase in El observed after sleep restriction [48]. A similar mechanism is potentially
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occurring within OSA [49], although this has not been directly tested. An alternate
explanation points to an adaptive decrease in thermogenesis in OSA patients. This
interpretation would suggest that despite similar or even increased EE compared to non-
OSA controls, OSA patients may experience a lower than predicted relative EE that
decreases as a function of the severity of their nocturnal desaturation.

Energy expenditure via physical activity

Main findings—Findings on PA levels are summarized in Table 3. In a between-group
comparison matched for sex and BMI but not age, no difference in typical PA levels as
determined by the International physical activity questionnaire was observed between
moderate-to-severe OSA (AHI =15 events/h) and controls [43]. In a group of OSA patients
(RDI =10 events/h) who completed the leisure time exercise questionnaire, regression
analysis demonstrated a trend for a negative association between OSA severity and PA levels
[50]. In the baseline data from the APPLES trial, the total adjusted daily EE based on the
Arizona activity frequency questionnaire was significantly greater by ~224 kcal/d in
participants with RDI =50 events/h vs. RDI <50 events/h, after adjusting for age, BMI and
ESS [8].

Assembling data from several parent cohort studies as part of the sleep heart health study;, it
was observed that the proportion of individuals reporting moderate-to-vigorous PA was
significantly lower in RDI =10 events/h or =15 events/h vs. controls [51]. However, the
prevalence of obesity and EDS (ESS >10) was also increased in the OSA groups vs. control,
which can confound results [51]. Similarly, in a large group of patients being evaluated for
OSA (n = 1892), the percentage of participants who were considered as being physically
active via self-report was significantly lower in severe OSA (AHI =30 events/h) vs. control.
However, again, ESS and BMI were also significantly higher in the severe OSA cases vs.
controls [52]. These latter findings may be partially explained by a study which stratified
patients with OSA based on ESS (no EDS [ESS <10] vs. mild/moderate EDS [ESS 11-16]
vs. severe EDS [ESS >16]), and found that in men self-reported regular exercise rate was
highest in the no EDS group, intermediate in the mild/moderate EDS group, and lowest in
the severe EDS group [53].

Several studies have shown a relationship between OSA and objectively monitored PA
levels. In a between-group comparison of congestive heart failure patients with (AHI >15
events/h) and without OSA, daytime PA duration based on wrist-worn accelerometry was
found to be significantly reduced in OSA [54]. Studies utilizing the SenseWear Armband
accelerometer to quantify PA levels as step counts per day reported similar findings:
increased OSA severity was associated with decreased objectively measured PA after
controlling for age, sex, and ESS [55]. However, in another study also using the SenseWear,
only AHI in rapid eye movement (REM) sleep was independently associated with number of
steps after controlling for age and BMI [56]. Conversely, in a group of patients with AHI
=10 events/h and high cardiovascular risk, PA levels were inversely related to BMI but not
related to OSA severity [57], suggesting that obesity per se may play a larger role than OSA
in influencing PA levels.
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The SenseWear Armband can also quantify EE. Linear regression in a group of patients
being evaluated for OSA revealed a significant positive association between AHI and
SenseWear-derived EE per hour of sleep [58]. Also using the SenseWear, a recent study
failed to observe a significant group difference in 24-h EE between patients with moderate-
to-severe OSA and controls [59]. Importantly, however, there was a diurnal difference in EE
such that controls had significantly higher daytime EE, whereas patients had significantly
higher night-time EE [59]. Regression analysis in that study further revealed a significant
positive relationship between OSA severity with night-time EE, and a significant negative
relationship between OSA severity and daytime EE [59]. These findings are theoretically
consistent with the 1C-derived EE findings detailed above.

Summary/considerations—In the collected literature, PA levels were assessed either
subjectively via questionnaire [8,43,50-53] or objectively via accelerometer [54-59].
Whereas objective monitoring may be preferable, the site of attachment of accelerometer
devices, either at the upper arm, ankle, or wrist, may influence recorded activity levels. The
transformation of activity counts to estimates of EE relies on algorithms that have their own
inherent errors. These differences in methodology should be considered when accounting for
discrepancies.

An inverse relationship appears to exist between PA levels and OSA severity, indicating that
PA levels might be lower in OSA patients and those with more severe disordered breathing.
This may contribute to obesity and cardiovascular risk within patients. However, evidence
also suggests that both obesity and EDS are likely to be important modulators of PA within
OSA. This is important to consider, since both of these conditions are very commonly
observed within OSA patients.

Discussion

Based on a systematic review of the reported findings, some EB parameters are affected by
OSA. A hormonal profile characterized by abnormally high circulating levels of leptin and
ghrelin and to some extent NPY, may encourage excess El in OSA, although data on food
intake are lacking. Several studies observed that RMR, the largest component of EE, is
significantly higher in OSA vs. controls, and that it shows a positive association with OSA
severity. Although not entirely consistent, some reports indicate that OSA may be associated
with abnormally high SMR and 24-h EE. In practical terms, an abnormally high EE,
assuming constant El, is expected to result in negative EB and weight loss. As the opposite
(i.e., weight gain) is typically observed in OSA, a mechanism whereby the high EE may
trigger a compensatory neuroendocrine adaptation to increase hunger and food intake
beyond the requirements of EB may be occurring [49]. An adaptive decrease in
thermogenesis or a reduction in objectively-recorded PA in OSA may exacerbate this.

As a disorder at the intersection between sleep and obesity, OSA itself and its associated
disturbances in sleep quality/architecture seem to alter EB parameters in such a way as to
induce further weight gain. Laboratory-based intervention studies have demonstrated the
ways in which short sleep duration and/or disruptions in sleep quality and architecture can
causally influence EB, particularly via enhanced hunger and food intake [2]. Experimental

Sleep Med Rev. Author manuscript; available in PMC 2017 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shechter

Page 9

sleep curtailment is consistently observed to induce significant increases in El [60-64]. With
possibly more direct relevance to OSA, experimental sleep fragmentation, via repeated
wake-up calls, was found to reduce levels of glucagon-like peptide 1 (a gut-derived hormone
signaling satiety) and fullness scores relative to non-fragmented sleep [65]. Along these
lines, reductions in REM sleep and slow wave sleep (SWS) have been reported in obese
OSA patients vs. non-OSA obese individuals [66]. Since REM sleep is inversely related to
hunger levels, and both REM sleep and SWS are inversely related to ad libitum intakes of fat
and carbohydrate [67], the particular profile of sleep associated with OSA would indicate
propensity towards positive EB via these mechanisms. It remains to be determined if the
mechanisms driving increased El after short/ disrupted sleep are the same as those possibly
influencing hunger and appetite in individuals with OSA. For example, some of the hunger/
satiety regulating hormones, such as leptin and ghrelin, affected in those with OSA are
similarly altered by sleep restriction [68]. Beyond the hormonal/homeostatic control of
hunger, researchers have become interested in how the hedonic control of food intake is
influenced by sleep status. Specifically, recent work using functional magnetic resonance
imaging indicates that after sleep restriction compared to an 8-hr sleep episode, brain regions
involved in motivation, reward, and cognitive processing have enhanced activation in
response to unhealthy vs. healthy food stimuli [69]. This presents an interesting and novel
future research direction, which can help determine if a similar neural mechanism increases
the motivational/rewarding aspects of food in individuals with OSA. As described, other EB-
related behavioral, metabolic or hormonal effects of OSA may further enhance this state,
favoring weight gain and/or difficulty losing weight.

Since treatment with CPAP is known to increase REM sleep and SWS and reduce arousals
and respiratory disturbances [70], it might also be expected to induce weight loss. Yet in
addition to not reducing weight, a recent meta-analysis of randomized controlled trials
indicates that CPAP treatment actually promotes weight gain [71]. As described here, the
regulation of EB in OSA is complex and multi-factorial, involving food intake, hormonal
regulation of hunger/satiety/appetite, and EE via metabolism and free-living PA. CPAP may
correct some of the OSA-related alterations in EB, like reducing abnormally high levels of
leptin and ghrelin [12], although it may also reduce EE [41]. A recent investigation by
Tachikawa and colleagues took an integrative approach of looking at energy metabolism via
IC, objectively-recorded PA, hunger/satiety-regulating hormones, and dietary intake via
questionnaire, to thoroughly characterize how CPAP treatment affects EB in OSA patients (n
= 63, AHI >20 events/h) at baseline and after three mo of treatment [72]. They observed no
change in leptin, ghrelin or PA levels after CPAP. However, they did report a reduction in
basal metabolic rate after treatment, and that individuals who gained weight after CPAP had
a significantly higher total EI at the post-treatment follow-up vs. non-weight gainers [72].
Finally, they reported that induced increases in El, but not changes EE, predicted increases
in BMI after CPAP which the authors suggest as an explanation for the observation of
weight gain after treatment observed by some [72]. Based on the limited number of studies,
many inconsistencies exist, and the full picture of EB regulation in response to CPAP is still
incomplete, urging more experimental work.

In conclusion, EB regulation in OSA appears altered to encourage positive EB, and
therefore, efforts should be made to reduce body weight in OSA patients and in patients
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treated with CPAP. Randomized controlled trials of prescribed PA and/or reduced caloric
intake have demonstrated the effectiveness of intensive lifestyle interventions to induce
weight loss-associated improvements in OSA severity [73-75]. Understanding how the
components of EB are affected by OSA will allow clinicians to more effectively guide
overall treatment approaches to optimize weight loss and symptom amelioration, and
encourage cardiovascular health in OSA patients.
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Glossary of terms
AHI

BMI
CPAP
EB
EE

El
EDS
ESS
IC
NOS
NPY
OSA
PA
PSG
RDI
RMR
REM

SMR

WRIC

apnea-hypopnea index

body mass index

continuous positive airway pressure
energy balance

energy expenditure

energy intake

excessive daytime sleepiness
Epworth sleepiness scale
indirect calorimetry
Newcastle-Ottawa scale
neuropeptide Y

obstructive sleep apnea
physical activity
polysomnographic
respiratory disturbance index
resting metabolic rate

rapid eye movement
sleeping metabolic rate

slow wave sleep

whole-room indirect calorimetry;
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Practice points

Obstructive sleep apnea may contribute to weight gain by promoting behavioral,
metabolic, and/or hormonal changes that alter energy balance parameters. These are
likely to include:

1 Abnormally high levels of circulating leptin (indicative of a “leptin
resistance”) and ghrelin. These changes are expected to result in low satiety
and high hunger, and therefore excess food intake.

2. Abnormally high energy metabolism, in particular resting metabolic rate, in
sleep apnea and in association with worse sleep apnea severity.

3. A reduction in objectively monitored physical activity reported by some, that
is associated with worsened apnea severity.
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Research agenda

Future studies should be conducted to further quantify how the disorder alters energy
balance and its regulation. These include:

1. Objective measures of food intake under laboratory conditions and while free-
living, via test meal and/or real-time tracking, respectively.

2. More work on hormones regulating hunger and satiety, especially in the
context of behavioral food intake measurement.

3. Controlled experimental studies which investigate both energy expenditure
and energy intake to allow for a quantification of energy balance within
obstructive sleep apnea patients and in response to treatment with continuous
positive airway pressure.
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Records identified through
database searching
n=1,767

Additional records identified
through manual search of report
bibliographies
(“backward’/ancestral search)
n=22

l

Records after duplicates removed

n=1,235
Y Records excluded, due to eligibility criteria
Records n=1,191
assessed for .| n=533: not OSA
eligibility “| n=311: reviews/editorials/conference abstracts
n=1,235 n=311: OSA but not EB related
n=25: CPAP trials
n=11: children

Studies included in
qualitative synthesis

n=44
\ 4 \ 4
El studies Hormone IC studies PA studies
included studies included included included
n=2 n=22 n=9 n=11"
Fig. 1.

Flow chart for selection of references included in systematic review. CPAP: continuous

positive sirway pressure; EB

: energy balance; El: energy intake; IC: indirect calorimetry;

OSA: obstructive sleep apnea; PA: physical activity. 2 One study included in the EI category

also contained data on PA. P
IC.

One study included in the PA category also contained data on
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