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Purpose of review

The purpose of this review is to summarize the evidence for the association between
obesity and obstructive sleep apnea (OSA), as well as predisposing risk factors

and treatment strategies for OSA amongst obese patients.

Recent findings

Recent findings highlight a number of factors including sex, age, upper airway structure
and ethnicity, which may predispose patients to OSA when obese. Both invasive and
noninvasive weight-reduction strategies also show positive signs of being an effective
means to reduce or remediate OSA amongst obese adults and children.

Summary

In view of recent findings, a direct association between body mass and upper airway
obstruction should be viewed with caution. Obesity may play a more significant role in
the predisposition to OSA amongst particular subgroups of the population, such as
adults, and those with particular craniofacial and upper airway morphology. Healthcare
prioritization and requirements may be more substantial for such groups. Further,
commonly used treatment methods for OSA (such as adenotonsillectomy for children
and continuous positive airway pressure for adults) may be less effective for obese
individuals. Weight-reduction strategies appear important for an optimal outcome,
and such strategies may be more or less invasive depending on the severity of obesity,
OSA or both, and other patient complications.
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between 1988 and 1991 to around 17% in 2003-2004
[8,9]. Similar trends have been observed in a number of
other nations. Clinically significant sleep-related upper
airway obstruction, or obstructive sleep apnea (OSA), is
reported in 4% of male adults and 2% of female adults,
with OSA present in 40% of obese adults and over 90% of
morbidly obese adults [10-12]. Amongst children, the
prevalence of OSA is estimated at 1-4% [13], whereas
20-30% of obese children demonstrate OSA [14-16]. It
is not known whether the incidence of OSA is also
increasing in line with rates of obesity. Nonetheless,
the marked morbidity associated with both obesity and
OSA, and the reported associations between conditions,
are of increasing concern in the context of increased

Introduction

The prevalence of overweight and obesity in the com-
munity continues to grow at an alarming rate despite a
growing awareness of the significant morbidity associated
with this condition. Amongst such morbidity, obesity is
considered a major risk factor for upper airway obstruc-
tion during sleep, with increased body mass being associ-
ated with three to four-fold increase in severity of upper
airway obstruction amongst adults [1,2]. These associ-
ations are particularly notable amongst male adults who
display comparatively more central fat deposition [3,4].
By contrast to adults, the contribution of body mass to
severity of upper airway obstruction during sleep in

children is less clear and is likely to be dependent on
a number of mediating factors including age, ethnicity
and adenotonsillar hypertrophy [5°%,6].

In the USA, the prevalence of obesity is reported to have
increased from around 22% in adults between 1988 and
1994 to over 30% in 2003-2004 [7,8]. The prevalence of

obesity amongst children has risen from around 10%
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obesity amongst the community. A greater understanding
of the nature of these associations will lead to better
treatment and management plans. The purpose of this
review is not to discuss in detail all that is currently
known about these conditions or the association between
them and related mechanisms. Rather, it is to discuss in
general the reported risk for OSA that obesity presents
across all ages and to draw particular attention to major
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advances in knowledge that have been reported over the
last 1-2 years.

"This brief review of recent advances in knowledge of the
risk for development of OSA amongst obese patients has
identified two primary areas of interest, namely, a greater
understanding of risk factors, which predispose obese
individuals to develop OSA, and treatment effects
amongst obese individuals with OSA. Both these topics
are discussed for adults and children separately.

Risk factors for obstructive sleep apnea
amongst obese adults

The association between obesity and OSA amongst
adults is well established and a number of excellent
reviews [17°,18°%,19] have been recently published sum-
marizing the evidence. The excess adipose tissue of
obese individuals acts to reduce airway size and alter
airway shape, increasing the susceptibility of the upper
airway to collapse [20-23]. These obesity-associated
changes may also partly explain sex and age effects.
For example, the central adipose distribution typically
found amongst obese men may increase risk amongst
men, and increases in visceral fat deposition with age may
also increase risk of OSA amongst older obese adults. A
further predisposition for these interactions may occur
amongst specific ethnicities.

Anthropometrics and upper airway anatomy

Location of fat deposition and upper airway structure
remain important areas of research investigating risk for
OSA. Refined or specific measures of adiposity may
provide additional information useful for patient screen-
ing and determining risk. Recent results from both a
clinic sample and a large community survey found that
measures of truncal proportion were a better predictor of
the likelihood of OSA than BMI and neck circumference;
however, this relationship may only be present amongst
men [24°,25]. Results from MRI of the upper airway
amongst a smaller clinic sample found pharyngeal fat
pad thickness was not predictive of OSA. However,
adults with OSA demonstrated differences in airway
shape, specifically, narrowing at the lower transversal
level and increased pharyngeal muscle thickness [26].

A review of studies published prior to 2007 concludes that
a low position of the hyoid bone is found amongst both
obese and nonobese adults with OSA; however, obese
patients demonstrate larger intermaxillary divergence
(the angle between the palatal plane and the mandibular
plane). Further, changes in soft-tissue dimensions of the
upper airway, such as soft palate length and tongue width,
were not associated with OSA amongst obese patients
[27]. More recently, anatomical study [28] of the tongue
found percentage of fat content was associated with BMI
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in both sexes and may contribute to OSA in obese adults
due to posterior displacement of a large tongue. Similarly,
a Japanese study [29] found that adults with OSA had
larger tongues for a given maxillomandible size.

Ethnicity

The majority of studies investigating ethnic differences
have been conducted in the USA and have generally
shown African—American adults to be at greater risk of
OSA compared with whites [30,31]. Also, obesity is
associated with greater prevalence of OSA amongst
American Indians and Hispanics [32]. Finally, OSA is
more closely related to craniofacial changes than body
mass amongst Asian as compared with white men [33].
The precise reasons for these ethnic differences have not
been well defined. Amongst a large group of Japanese
OSA patients, obesity was associated with OSA severity;
however, contributed less amongst older patients (i.e.
>55 years). OSA was also more severe amongst ‘under-
weight’ patients compared with normal-weight patients
[34]. A large community survey [35] in Malaysia found
BMI but not neck girth was independently associated
with habitual snoring; however, truncal measurements
were not reported.

Sex

Higher risk for OSA amongst male adults is consistently
demonstrated [36,37]; however, studies do not provide
enough evidence to determine whether such sex differ-
ences are evident across the entire spectrum of upper
airway obstruction or amongst severely obese adults.
Recordings of partial airway obstruction during sleep,
in concordance with assessments of conventional apnea
and hypopnea, show increasing severity with age amongst
women and increasing severity with older age and
increasing BMI amongst men. However, the association
between partial upper airway obstruction and BMI was
not significant amongst either sex [38°]. Recently, a high
prevalence of OSA and a significant association between
BMI and OSA severity has been shown amongst morbidly
obese women [39].

Treatment of obstructive sleep apnea
amongst obese adults

Treatment of OSA is complicated by obesity, and
weight-loss strategies are emerging as effective treat-
ment approaches, both alone and in combination with
traditional techniques. Treatment for OSA amongst
adults predominantly consists of forced ventilation [pre-
dominantly through use of continuous positive airway
pressure (CPAP) or less commonly, biphasic positive
airway pressure (BiPAP)] and weight loss in the case
of obese patients. Successful treatment of OSA using
dieting is low with only a 5-15% success rate reported
over the first 8 years from treatment [40]. CPAP is
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effective in minimizing OSA; however, it is burdensome
and has poor long-term compliance, especially amongst
more mild cases [41]. Recent evidence indicates that only
regular CPAP use results in reduced visceral fat and
associated metabolism [42°], suggesting that recovery
from OSA is unlikely amongst obese patients with poor
CPAP compliance. CPAP use in obese adults without
significant weight reduction may also limit obesity-associ-
ated hypoventilation, despite reducing upper airway
obstruction [43°]. Healthcare expense and risk for cardi-
ovascular disease may not be substantially improved in
such cases. Hence, surgical weight reduction and exercise
have emerged as possible effective treatment alternatives
or supplements to CPAP.

Bariatric surgery

A recent review [44] of studies investigating the effec-
tiveness of Bariatric surgery on OSA in association with
weight reduction demonstrates great effectiveness. How-
ever, studies reviewed typically included small samples
and only one study [45] included a follow-up period of
more than 5 years. More recently, further evidence has
been produced to support the effectiveness of Bariatric
surgery in treatment of OSA amongst obese adults.
Peluso and Vanek [46] report that gastric bypass surgery
resolved OSA in 75% of obese patients over a 3.6—30.6-
month follow-up period. Fritscher er a/l. [47] report
resolved OSA in 25% of morbidly obese patients, and
significant reduction in severity amongst 75% who had
undergone gastric bypass surgery. In the same study,
magnitude of weight loss was strongly associated with
improved oxygen saturation indices. In a larger study,
Haines ¢z a/. [48°] demonstrate reduced OSA severity and
required CPAP pressure in association with reduced body
mass over 6—42 months following gastric bypass surgery
amongst 101 Bariatric patients. A second study [49]
assessing changes in CPAP requirements following
surgery found that none of 29 morbidly obese CPAP
patients required CPAP 9 months postoperatively. In
contrast, Lettieri e /. [50] found amongst a small pre-
dominantly female patient group that all but one patient
experienced residual OSA 1 year after surgery despite
significant reductions in severity. This reiterates the need
for further research to determine specific sex-related risk
factors for OSA.

Exercise

Lack of exercise has been previously associated with OSA
severity independent of body mass [51]. In support of
these findings, Quan ez @/. [52°] has shown that a mini-
mum of 3 h of vigorous exercise each week significantly
reduces the risk of OSA (odds ratio =0.68, 95% confi-
dence interval=0.51-0.91). In this study, exercise
appeared to provide more protection against OSA for
men and obese patients. However, implementation of
exercise programmes amongst obese OSA patients may

be limited, as a recent work [53] has shown reduced
exercise tolerance amongst obese OSA patients due to
hypertensive response. OSA patients also show reduced
intention and willingness to exercise. Smith ¢z a/. [54°]
found that over 60% of 206 OSA patients had little
intention or limited implementation of any planned
exercise. Less than one-third of patients reported regular
established exercise routines. In addition, patients were
clustered into one of the four groups based on self-
reported exercise motivation. On the basis of this cluster-
ing, 34% of OSA patients appear to be disengaged or
unmotivated to exercise, with an additional 43% lacking
resources to continue and establish regular exercise prac-
tices. Clearly, further research is needed to establish the
efficacy of exercise as a potent OSA treatment amongst
obese patients, and further work will be required to
establish a best approach in combating physical and
motivational limitations.

Risk factors for obstructive sleep apnea
amongst obese children and adolescents

It is thought that obesity is linked with an increased
prevalence of OSA amongst children [6] and adolescents
[55]. Adenotonsillar hypertrophy may mediate this associ-
ation [5°%,6] and adenotonsillectomy is commonly the
first line of treatment for both obese and nonobese child
patients. Unfortunately, the effectiveness of adenoton-
sillectomy appears to be reduced amongst obese children
[56,57°°,58—60], adding to the suggestion of obesity
being an independent risk for OSA such as seen amongst
adults. During the past 1-2 years, the interaction of
adenotonsillar hypertrophy, OSA and obesity amongst
children has been investigated in more detail, and an
emerging literature has indicated other potential risk
modulators of the association between body mass and
OSA severity.

Adenotonsillar hypertrophy

Enlargement of the adenoids and tonsils is thought to
lead to more severe upper airway obstruction when in
combination with obesity. Recently, Xu ez /. [61] showed
that obesity and adenotonsillar hypertrophy were signifi-
cant independent risk factors for OSA. It has also been
shown that compared with normal-weight children, obese
children have a relatively high frequency of tonsillar
enlargement [62], potentially predisposing a higher num-
ber of obese children to upper airway obstruction.

Ethnicity

A large number of studies investigating the association
between obesity and OSA amongst children include
cohorts of varied ethnicities without ethnic stratification
of results (see [5°°] for a more comprehensive review).
An independent association between African—American
ethnicity and OSA has been reported amongst children
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[57°°,63], potentially biasing results of studies containing
large proportions of African—American children. Further
evidence that ethnicity may indeed mediate the associ-
ation between obesity and OSA was shown by Rudnick
et al. [64°], who found that African—American children
who were obese were most likely to have OSA. Amin ez al.
[57°°] recently found that after adjusting for the other
variables, African—American ethnicity was a greater pre-
dictor than body mass and body mass growth velocity for
recurrence of OSA following adenotonsillectomy. Studies
[61,65,66] of Chinese children consistently report signifi-
cant association between body mass and OSA, whereas
the few studies [67-69] of white and Hispanic children
suggest little or no association. A recent study [70]
amongst a group of severely obese Bangladeshi,
Afro-Caribbean and white children found ethnicity
was not predictive of OSA and BMI within the morbidly
obese range was not related to OSA severity. Combined,
these findings suggest body mass may interact with
ethnicity only up until a point, after which the impact
of morbid obesity on pulmonary function supersedes any
contribution related to ethnic variation.

Age

Reductions in upper airway tone and responsiveness with
age have been reported amongst children [71-73], and
suggest a mass effect due to obesity on the upper airway
during sleep may be a greater risk for OSA amongst older
children and adolescents. A recent review [5°°] has high-
lighted the fact that around two-thirds of studies amongst
children with mean age more than 10 years report a
significant effect of obesity on OSA as compared with
around one-third amongst children with mean age less
than 10 years. T'wo studies have recently investigated
the impact of age on the association between obesity and
OSA amongst children. The first, amongst snoring white
Australian children aged 4-12 years, found body mass,
but not age, was a significant but weak predictor of upper
airway obstruction severity [68]. The second study,
amongst snoring Greek children aged 1-15 years, found
risk of OSA was higher amongst younger children
(L6 years) irrespective of body mass; however, older
children (>6 years) who were obese were twice as likely
to have OSA as compared with nonobese children of the
same age [74°]. Clearly, further studies are required to
examine age or developmental changes in risk for
OSA due to obesity which better account for other
potential influences such as adenotonsillar hypertrophy
and ethnicity.

Treatment of obstructive sleep apnea
amongst obese children and adolescents
Adenotonsillectomy is considered the treatment of
choice for OSA during childhood, particularly when
associated with adenotonsillar hypertrophy; however,
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the impact of traditional and alternative treatment strat-
egies amongst obese children with OSA is another area of
recent research growth. Consistent with rates reported in
previous studies [57°°,58—60], Mitchell and Kelly [58]
found 76% of obese children as compared with 28% of
normal-weight children with OSA still demonstrated OSA
after adenotonsillectomy. More recently, Amin ez al. [57°°]
demonstrated not only obesity but also growth velocity
were predictive of OSA recurrence following adenotonsil-
lectomy. In contrast, a recent study [75] amongst Greek
children found obesity, postoperative weight gain and
adenotonsillar hypertrophy were not predictive of residual
OSA. A distinguishing feature of the results from this study
was the low success rate of adenotonsillectomy in ‘curing’
OSA for both obese and nonobese patients. However,
when a higher cutoff for OSA severity was used, the
success rates were dramatically increased for both weight
groups. Although there may be ethnic differences in
susceptibility to OSA and response to treatment, norma-
tive data from various ethnic groups are also lacking and
may reveal differing ‘normal’ values compared with a
predominantly Anglo-Caucasian literature. Higher base-
line values of respiratory event frequency amongst Greek
children could explain the discrepancy between results in
this recent study and previous findings.

The encouraging findings from weight-loss treatment
approaches amongst adults may also prove important in
management of OSA amongst obese children. Davis ez a/.
[76] found that 20—40 min of daily aerobic exercise over
a 13-week period lead to reductions in parent reports of
snoring amongst 100 overweight children. Recently, the
effect of gastric bypass surgery on sleep amongst 19 obese
adolescents was examined. Results show severity of
OSA and body mass were significantly improved at
around 1 year following surgery, as was sleep efficiency
and frequency of arousals [77°].

Central sleep apnoea

Investigation of nonobstructive sleep breathing disorders
in the context of child obesity has lagged behind the adult
research; however, some new findings suggest this will be
an important area of future study. Two articles have
recently examined the association between central
apnoea and body mass amongst children. The first [14]
of these found a relatively high prevalence of central
sleep apnoea amongst overweight and obese children.
The second article [68] found frequency of central
apnoeas was significantly associated with increasing body
mass and younger age. A recent review [5°°] also reports
unpublished results of increasing frequency of central
hypopnoea with obesity.

As early as in 1976, recommendations were being made
for weight reduction to combat obesity hypoventilation

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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syndrome (OHS) amongst children [78]. Such recom-
mendations appear to have been either ignored or
forgotten. The recent increase in prevalence of child-
hood obesity should prompt new research investigating
prevalence and treatment efficacy for OHS.

Conclusion

Research to date strongly suggests obesity is a major
contributor to the pathogenesis and morbidity of OSA
across all age groups. Contributing factors in the associ-
ation of obesity and OSA are also becoming evident and
predominantly include age, upper airway structure
and ethnicity. Traditional forms of treatment amongst
adults and children are increasingly being recognized as
inadequate amongst obese patients. Weight-reduction
surgery and exercise have emerged as potential effective
treatment options amongst adults, either independently
or in combination with other treatment approaches.
Initial studies indicate these same treatment strategies
may be useful amongst an increasingly obese paediatric
population.
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