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Abstract
Purpose of Review Obesity is a major public health problem associated with various diseases. Improving obesity control and
achieving greater patient satisfaction are critical unmet needs. Various otorhinolaryngologic diseases can have negative effects on
quality of life or actual health status depending on their type. Over the past decade, the relationship between obesity and
otorhinolaryngologic conditions has been investigated. The purpose of this review was to discuss the relationship between
obesity and otorhinolaryngological diseases.
Recent Findings This is a narrative review on the current state of incidence, effects, and associated mechanisms between obesity and
otorhinolaryngologic diseases. In various otologic diseases, otitis media (OM) and hearing loss (HL) are associated with obesity. In
rhinologic parts, chronic rhinosinusitis (CRS) and obstructive sleep apnea (OSA) were significantly associated with obesity. Most of
these diseases are reported to have higher susceptibility and severity as body mass index (BMI) increases. However, the incidence of
head and neck cancer (HNC) was inversely associated with obesity, especially central adiposity. The relevance of obesity in
laryngopharyngeal reflux disease (LPR) and allergic rhinitis (AR) has yet to be clarified, and this remains controversial.
Summary This review provides a comprehensive overview of the current state of incidence, effects, and associated mechanisms
between obesity and otorhinolaryngologic diseases. Various otorhinolaryngological diseases are related to obesity. As obesity can
be a negative risk factor in these otorhinolaryngologic diseases, early diagnosis and treatment of these diseases in obese patients
will be critical.
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Introduction

Obesity is a major global health problem. Its prevalence has
tripled over the last decade in every age. People are generally
considered obese when the body mass index (BMI) measured
by dividing people’s weight by the square of a person’s height
is greater than 30 kg/m2. A range of 25–30 kg/m2 is defined as
overweight. Some East Asian countries use lower values. The

obesity epidemic in the USA has reached staggering propor-
tions. An estimated 30% of the adult population in the USA is
obese, and another 20% are overweight according to defined
BMI cutoffs. Obesity has been reported to increase annual
healthcare spending on a patient basis and to account for ap-
proximately $ 113.9 billion in medical resource consumption
[1, 2]. Obesity leads to musculoskeletal overload and chronic
diseases such as diabetes, hypertension, and hyperlipidemia
through metabolic syndrome, which in turn leads to athero-
sclerotic diseases including coronary heart disease, heart fail-
ure, cerebrovascular disease, and chronic renal disease [3].
Obesity is the accumulation of abnormal or excessive fat that
may interfere with the maintenance of an optimal state of
health [1]. Recent studies suggest that obesity may be a sys-
temic chronic inflammatory condition [4]. Excessive macro-
nutrients in adipose tissues stimulate the release of inflamma-
tory mediators such as tumor necrosis factor-α (TNF-α) and
interleukin 6 (IL-6), and the production of adiponectin. This
generates predisposition to a proinflammatory state and oxi-
dative stress [5, 6]. Indeed, obesity is associated with a variety
of inflammatory conditions [7, 8]. Recent evidence suggests
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that allergic rhinitis (AR) and chronic sinusitis (CRS) are
chronic inflammatory rather than infectious diseases of the
nasal cavity and sinuses, and show pathophysiologic mecha-
nisms similar to those of asthma, a typical chronic inflamma-
tory disease of the lower respiratory tract [9, 10]. These dis-
eases are caused by a mechanism similar to that of airway
inflammation observed in asthma [11]. The effects of obesity
on AR or CRS have been studied extensively [12–29]. In
addition, the relationship between obstructive sleep apnea
(OSA) and obesity has been reported in various studies asso-
ciated with metabolic syndrome [30–44]. There have been
various reports on the relationship between obesity and otitis
media (OM) [18, 27, 45–52] and hearing loss (HL) [53–60]. It
has been speculated that laryngopharyngeal reflux (LPR) is
also associated with obesity by a mechanism similar to that of
gastroesophageal reflux disease (GERD) [61]. Thus, various
otorhinolaryngological diseases seem to be associated with
obesity (Table 1). To our best knowledge, there has yet to be
a systematic evaluation of the literature on the relationship
between obesity and various otorhinolaryngological diseases.

In this article, we address this gap in knowledge by
reviewing research on the relationship between obesity and
otorhinolaryngologic diseases, and summarize the mecha-
nisms by which obesity affects each disease.

Main Pathophysiology of Obesity

Obesity, which is broadly defined as excess body weight
for a given height, is an ongoing global health concern, as
it is associated with increased risk of numerous chronic
diseases. A recent analysis of data from 195 countries
revealed that the prevalence of obesity has doubled in
more than 70 countries since 1980, and over 600 million
adults were obese in 2015, with high BMI accounting for
4 million deaths globally [62••, 63].

Excess adiposity typically evolves slowly, with a long-term
positive energy balance. An obese person with stable weight,
as compared with a person with normal weight, has larger fat
and lean mass, along with higher resting energy expenditure,
cardiac output, blood pressure, and greater pancreatic β-cell
mass [64, 65]. Insulin secretion in the fasting state and after a
glucose load increases linearly with BMI [66].

Obesity is accompanied by increased numbers of macro-
phages and other immune cells in adipose tissue, partly due to
tissue remodeling in response to apoptosis of adipocytes [67].
These immune cells secrete proinflammatory cytokines,
which contribute to the insulin resistance that is often present
in patients with obesity. Visceral adipose tissue is a smaller
storage compartment for lipids than is subcutaneous adipose
tissue, with omental and mesenteric fat mechanistically linked
to many of the metabolic disturbances and adverse outcomes
associated with obesity [68, 69]. Obesity is often accompanied
by an increase in pharyngeal soft tissues, which can block
airways during sleep and lead to OSA [70]. An increase in
intra-abdominal pressure purportedly accounts for the elevat-
ed risks of GERD or LPR [71].

Chronic overactivity of the sympathetic nervous system is
present in some obese patients and may partially account for
several pathophysiological processes, including high blood
pressure [65]. Chronic renal diseases, stroke, and cardiovas-
cular disease all have high blood pressure as their main path-
ophysiological mechanism alongside the cluster of findings
associated with insulin resistance, obesity-associated dyslip-
idemia, and diabetes. Adipocytes synthesize adipokines (cell-
signaling proteins) and hormones, the secretion rates and ef-
fects of which are influenced by the distribution and amount
of adipose tissue present. Excessive secretion of proinflamma-
tory adipokines by adipocytes and macrophages within adi-
pose tissue leads to a low-grade systemic inflammatory state
in some individuals with obesity [69]. Thus, obesity causes a
variety of diseases through various pathological mechanisms.
In particular, dysregulation of the immune system, induction

Table 1 Various
otorhinolaryngologic diseases
associated with obesity

Diseases Subtypes

Otitis media Otitis media with effusion (OME)
Chronic otitis media (COM)
Acute otitis media (AOM)
Recurrent otitis media (ROM)
Tasty dysfunction (associated with OM)

Hearing loss Sensorineural hearing loss (SNHL)
Sudden sensorineural hearing loss (SSNHL)
Age-related hearing loss (ARHL)
Noise-induced hearing loss (NIHL)

Chronic rhinosinusitis (CRS)
Obstructive sleep apnea (OSA)
Laryngopharyngeal reflux (LPR)
Head and neck cancers (HNC)
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of a chronic inflammatory state, high blood pressure, and pro-
gression of atherosclerotic processes due to increased insulin
resistance are thought to be related to otorhinolaryngological
diseases.

Association Between Obesity and Otologic
Diseases

Otitis Media

OM refers to inflammatory diseases of the middle ear, regard-
less of cause or pathological mechanism [72]. In children, OM
is the leading cause of visits to the doctor, antibiotic prescrip-
tion, and performance of surgical procedures, as well as being
the most common cause of HL [73, 74]. There is a substantial
overlap between the established risk factors for childhood obe-
sity and OM. Obesity and OM are associated with male pre-
dominance, low socioeconomic status, immune dysfunction,
and inflammation that characterizes each disease. This overlap
implies a relationship between obesity and OM, and has cata-
lyzed research over the past decade [75]. Table 2 provides de-
tails of studies investigating OM and obesity that have been
included in this review. Various studies have been conducted
in relation to OM and obesity in children. In 2007, Kim et al.
[52] revealed the association between OMwith effusion (OME)
and obesity in children, and various studies subsequently report-
ed similar results [18, 27, 45–52]. A prospective, non-random-
ized, case-control study investigated the association between
OM and obesity in children. The experimental group comprised
155 children aged 2 to 7 years that received unilateral or bilat-
eral ventilation tube insertion for the treatment of OME. The
control group comprised 118 children with no history of OME
that underwent operations for conditions other than ear diseases.
Differences in BMI, serum triglyceride (TG), and total choles-
terol (TC) concentrations between the experimental and control
groups were analyzed. BMI and TC level, but not mean serum
TG level, were significantly higher in the experimental group
than in the control group. Based on these results, the authors
concluded that childhood obesity may be associated with the
occurrence of OME. However, the frequency of ventilation tube
insertion did not significantly differ between the obese and non-
obese subgroups in this study [52]. In 2011, there was a case-
control study of the association between obesity and OM in 190
children who underwent surgery for non-ear related diseases
and 140 children who underwent ventilation tube insertion.
The prevalence of obesity was significantly higher in the
OME group than in the control group (P < 0.05). However,
BMI did not significantly differ between groups, according to
standard body weight. The authors concluded that pediatric
obesity may have an effect on the development of OME, but
pediatric overweight may not be associated with occurrence of
OME [51]. One limitation of the studywas that it did not correct

for the influence of socioeconomic status on risk factors for
OM. To address this, Kuhle et al. conducted a prospective co-
hort study of 3399 children aged 10–11 years [47]. Relative to
normal weight children, obese children had more healthcare
provider contacts for serous otitis media (SOM) and higher odds
of having repeated SOM. Socioeconomic factors, history of
breastfeeding, presence of an allergic disorder, or chronic
adenoid/tonsil disorder did not influence the association be-
tween obesity and SOM. Based on these results, the authors
concluded that there is a clear association between childhood
obesity and SOM that cannot be explained by confounding
socioeconomic factors or clinically associated disorders [47].
Another study evaluated data gathered from a prospective co-
hort of 530 children from 1991 to 1996. In this study, the au-
thors reported a significantly increased risk of obesity in infants
undergoing ventilation tube insertion for OM when adjusting
for birth weight, maternal prenatal smoking, maternal education
status, and socioeconomic status [49]. In another case-control
study of 146 children, the prevalence of overweight or obesity
was higher in children with OME, according to weight for
height percentiles (P = 0.012) [45].

Several studies have examined the mechanisms under-
lying obesity’s effects on OM. A prominent hypothesis is
that obesity-induced chronic inflammatory changes affect
the production, secretion, and biological reactions of vari-
ous cytokines. Obesity is characterized by low-grade sys-
temic inflammation, as obese individuals show greater ex-
pression of inflammatory markers, especially C-reactive
protein and interleukin (IL)-6 [4–6]. Adipokine is a protein
secreted by adipose tissue (mainly adipocytes) along with
leptin and adiponectin (resistin, adipsin, and visfatin).
Other inflammatory mediators secreted by adipose tissue
and adipocytes include TNF-α, IL-1, IL-6, IL-8, IL-18,
monocyte chemoattractant protein-1, white adipose
tissue-derived IL-1 receptor antagonist, and macrophage
inflammatory protein-1 [4, 6]. In obese patients, the aver-
age levels of these cytokines are increased. Altered system-
ic and local adipokine concentrations have been reported in
obese individuals with various inflammatory/autoimmune
conditions. Increased inflammatory cytokine production
caused by altered T cell responses, production of
interferon-γ, and elevated leptin concentrations can alter
host immunity and increase the risk of infection. Based
on these findings, it is suggested that obesity-related
changes in inflammatory mediators and repeated infections
can increase the risk of OME [76].

Previous research reporting increased incidence of OM
in obese children has catalyzed additional studies in this
field. One study examined the relationship between dietary
patterns, BMI, and OM. In this study, BMI was high in
children with dietary intake related to excessive adiposity,
and the incidence of OM was higher in this group. Overall,
these findings support an association between high OM
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exposure and elevated adiposity in preschoolers [77].
Another study examined the effect of obesity on the rela-
t i o n s h i p b e t w e e n OM a n d t a s t e d i s o r d e r s .
Histopathological analysis of the degree of fibrosis of the
perineurium of the chorda tympani nerve in OM patients
suggested that inflammation of middle ear lesions caused
progressive dysfunction, and resulting damage of the
chorda tympanic nerve may underlie taste disorders in
OM patients [78]. Another study reported that taste dysfunc-
tion may be more frequent and more severe in obese patients
with OM. In this study, chemical taste testing and
electrogustometry were used to assess taste function in a pedi-
atric population. BMI was significantly higher in patients with
OME than in non-OME controls. In this study, OME patients
showed significantly higher taste thresholds for salty and sweet
tastes. Based on these results, it was hypothesized that taste
dysfunction influenced OME patients to intake more food in
order to attain the same intensity of taste as that of the control
group. Further, OME patients were thought to ingest more cal-
ories and be at increased risk for developing obesity [48].

Hearing Loss

HL is the most important and frequent symptom of ear
disease due to partial or complete dysfunction of the audi-
tory pathway from the ear to the cerebral auditory cortex
[79]. HL is a major public health problem and was recently
ranked as the fifth leading cause of years lived with dis-
ability, exceeding other chronic diseases such as diabetes,
dementia, and chronic obstructive pulmonary disease.
There are several types of HL, ranging from temporary to
permanent losses that can be either congenital or acquired.
Sensorineural HL (SNHL) refers to either damage to the
outer or inner hair cells in the organ of Corti located within
the cochlea, or nerve damage along the auditory nerve (the
eighth cranial nerve). Examples of SNHL include age-
related hearing loss (ARHL) and sudden sensorineural
hearing loss (SSNHL) [80]. ARHL (or presbyacusis) is
the most prevalent sensory impairment in the elderly pop-
ulation. According to recent statistics, more than 70% of
people over 70 years old, and over 40% of people over
50 years old, experience some type of hearing dysfunction
[81•]. ARHL is predominantly sensorineural dysfunction
of hearing, so the effects on older listeners may be loss of
the ability to correctly interpret sounds, especially in com-
plex listening environments. Therefore, ARHL is not lim-
ited to hearing deficits alone, but rather to difficulty in
comprehension and understanding of speech, that can have
significant effects on quality of life. Obesity is an indepen-
dent risk factor for ARHL, with increased BMI enhancing
the severity of SNHL. Adipose tissue is thought to act as
endocrine tissue, secreting hormones and cytokines, with
obesity-induced inflammation causing end-organ damage

by affecting atherosclerosis, insulin resistance, and energy
metabolism [82]. Therefore, obesity-associated atheroscle-
rosis may lead to reduced cochlear blood flow by inducing
stiffening and constriction of internal auditory arteries.
This process may ultimately lead to hearing loss through
the induction of stria vascularis and cell death [82•].
SSNHL is usually defined as a reduction in hearing thresh-
old of 30 dB HL or more, occurring over a 72-h period in
three consecutive frequencies of pure tone audiometry
(PTA). SSNHL is considered to be idiopathic, with several
potential causes reported, including viral or immunologic
[83]. Another cause for concern is microangiopathy, which
is an interruption in the vascular supply to the cochlea (a
highly metabolic organ) that causes SSNHL. As the blood
supplied to the cochlea derives from the labyrinthine artery
without collateral arterial blood flow, the cochlea is vulner-
able to transient ischemia [82]. Obesity has been proposed
as a predisposing factor to SSNHL, potentially via cochlear
microvascular circulation mechanisms. Obesity can induce
atherosclerotic changes or alter the stiffness and/or elastic-
ity of blood vessels, thereby inducing microangiopathy.
Each pathologic change in the inner ear can increase the
likelihood of SSNHL. Semipermanent changes in blood
vessels are thought to have a negative association with
outcomes in patients with SSNHL [82]. Table 2 describes
reports investigating the relationship between HL and
obesity.

According to a study on the association between ARHL
and obesity, waist circumference (WC), a measurement
item for defining central obesity, is independently associ-
ated with HL, but this differs by age and gender. In this
study, PTA at low, pure, and high frequencies were
assessed in 690 men and women aged between 35 and
86 years old. The proportion of normal hearing was higher
in women. When comparing individuals with central adi-
posity to those without, hearing at low frequency was im-
paired in men over 55 years; at high frequency, there was
hearing impairment in women aged over 55 years. Factors
significantly associated with HL at both low and high fre-
quencies included waist circumference, age, BMI,
smoking, coronary artery disease, and chronic renal failure.
Even after adjustment for BMI, WC was an independent
risk factor for ARHL, particularly for low and high fre-
quencies in males younger than 55 years and for high fre-
quencies in female subjects older than 55 years [56].
However, in contrast to this, another study reported that
visceral adipose tissue was positively linked with hearing
threshold in obese women. The authors recruited 662 par-
ticipants aged over 40 years and performed computerized
tomography scanning for fat measurements and extracting
total and visceral adipose tissue, PTA, morphometry, and
medical questionnaires. Positive associations were ob-
served between female PTA-low and PTA-high thresholds
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and visceral adipose tissue. They concluded that a suitable
approach for preventing the acceleration of ARHI in wom-
en could be to reduce visceral adiposity [57], but further
studies on visceral adipose tissue are necessary.

There are two studies focused solely on obesity and
SSNHL. A matched case-control study in 2015 examined
patients attending a university hospital between 2009 and
2012. The experimental group consisted of 324 partici-
pants (mean age, 49.64 years old) diagnosed with unilater-
al SSNHL. Group data on 972 control participants were
obtained from the Korean National Health and Nutrition
Examination Survey. BMI was significantly higher in pa-
tients with SSNHL than in control subjects (P < 0.05). BMI
was an independent risk factor for treatment outcome, as
patients with BMI ≥ 27.5 were less likely to achieve com-
plete recovery than those with BMI < 27.5 (P < 0.05). The
authors concluded that increased BMI is significantly as-
sociated with the prevalence of SSNHL and its prognosis.
They proposed that elevated blood lipid levels are a risk
factor for SSNHL, although contradictory evidence has
indicated that the association between lipid profiles and
SSNHL is inconclusive [54]. Another study collected clin-
ical and audiometric data from 254 adults who were report-
ed to have had unilateral SSNHL. These patients were di-
vided into two groups based on BMI; patients with BMI <
25 or ≥ 25 kg/m2 were categorized as the non-obesity and
overweight/obese groups, respectively. In this study, BMI
was not significantly associated with recovery of SSNHL
in all subjects after adjusting for all considered variables,
implying that obesity/overweight had no significant effect
on the prognosis of SSNHL [55]. This is contrary to pre-
vious studies, and the authors speculated that these nega-
tive results may be due to the lack of WC data and different
BMI cutoff points in the Asian population. However, fur-
ther analyses are required to clarify these discrepancies.

In a prospective longitudinal register study, information on
Swedish conscripts’ birth characteristics was obtained from the
Swedish Birth Register and linked to the Swedish Conscript
Register using the males’ unique personal identification num-
bers. Compared to that for average BMI, there was a 30, 99, and
118% higher risk of SNHL associated with overweight, obesity,
and overweight if born light for gestational age, respectively.
Conscripts born light for gestational age had a 41% increased
risk, independent of later growth patterns. Based on these re-
sults, the authors concluded that increased BMI was associated
with double the risk of SNHL [59].

Two studies have reported a correlation between obesity
and HL in adolescents. Lalwani et al. investigated whether
obese children were at greater risk of SNHL than non-obese
children. In this study, hearing thresholds in 1488 adolescents
aged 12–19 years were compared between normal weight and
overweight/obesity groups. Obesity was associated with a
1.85-fold increase in the odds of unilateral low-frequency

SNHL after controlling for multiple hearing-related covari-
ates. The authors concluded that obesity in childhood is asso-
ciated with higher hearing thresholds across all frequencies
and an almost twofold increase in the odds of low-frequency
HL [58]. Another cross-sectional study of 1469 adolescents
aged 12–19 years reported similar results. This study investi-
gated whether obesity was associated with audiometric
notches indicative of noise-induced hearing loss (NIHL),
speech frequency hearing loss (SFHL), and high frequency
hearing loss (HFHL) in adolescent participants of the
National Health and Nutrition Examination Survey 2007–
2010. Obese adolescents had a higher adjusted odds ratio
(OR) of having NIHL and HFHL, suggesting that being obese
was associated with certain types of HL (especially NIHL and
HFHL) [60]. To summarize, obesity is associated with the
onset of various forms of sensory neural deafness, most of
which show negative effects.

Association Between Obesity and Rhinologic
Diseases

Allergic Rhinitis and Chronic Rhinosinusitis

The nasal cavity and sinuses are classified as the upper airway
and experience pathophysiological mechanisms similar to those
of the lower airway, such as the trachea or lungs [11]. Obesity is
a well-known risk factor and aggravating factor of asthma, one
of the most common chronic inflammatory diseases of the low-
er respiratory tract. In this regard, the hypothesis that AR and
CRS, which are typical chronic inflammatory diseases of the
nasal cavity and sinus, are related to obesity has been corrobo-
rated by numerous studies [12–29]. Obesity is reported to cause
immune disorders and increase levels of inflammatory media-
tors [84]. Adiponectin is the most abundant adipokine and is
representative of “anti-inflammatory” adipokines. It has various
metabolic, anti-inflammatory, and anti-proliferative effects.
Obesity implies that plasma adiponectin levels are low, and
inflammation may increase in obesity if adiponectin levels are
reduced [85]. Leptin is an adipose-derived energy regulating
hormone. Circulating leptin is positively correlated with body
fat percentage and body fat mass [13, 86]. Osteopontin (OPN)
is expressed in human eosinophils. OPN levels are increased
after granulocyte-macrophage colony-stimulating factor (GM-
CSF) and IL-5 activation [12]. These factors may be related to
the deterioration of allergic inflammation, which is a chronic
inflammatory reaction.

AR and CRS have an annual prevalence of 7.9 and 4.9%,
respectively, and are among the most common chronic dis-
eases affecting the adult patient population in the USA,
resulting in health care costs of $1492 and $2449 per patient
per year, respectively [19]. In particular, AR has high preva-
lence depending on age. According to a phase III clinical
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study of childhood asthma and allergies, the global prevalence
of AR in children ranges from 0.8 to 14.9% between the ages
of 6 and 7 years, and from 1.4 to 39.7% between the ages of 13
and 14 [87]. Like other chronic inflammatory diseases, the
prevalence of these diseases is also increasing.

Studies on the association between AR and CRS and obesity
have indicated that increased BMI is associated with the pres-
ence of AR and CRS (Table 3) [12–29]. According to a cross-
sectional analysis of a medical panel survey of 229.3 ± 4.6 mil-
lion adult Americans published in 2013, an increased preva-
lence of adult obesity was associated with both AR and CRS.
In this study, increasing BMI as a continuous variable was
significantly associated with the presence of both AR and
CRS [19]. Similar results in children have been reported.
According to a questionnaire-based survey of 3327 children
aged 2–14 years, the prevalence of AR and atopic dermatitis
was higher in obese children than in asthma, food allergies, and
drug allergies. And in this study, obesity affected the incidence
of AR, especially in girls [16]. In two case-control studies of
pediatric AR patients in China, the expression of leptin and
OPN in the obese group was increased, suggesting that the
symptoms of AR were more severe in the obese group with
increased leptin and OPN [12, 13]. Obesity may be involved in
the regulation of eosinophils through leptin and OPN. In addi-
tion, several studies have reported that increased BMI is signif-
icantly associated with the presence of AR in children.
Collectively, these findings suggest that obesity is a factor that
increases the incidence or exacerbates symptoms of AR or CRS
[14, 15, 17, 18, 20, 21].

In contrast, some studies have reported no significant or
negative correlation between obesity and AR [25–29].
According to one epidemiologic study in Japan, childhood obe-
sity was negatively associated with AR prevalence, especially
among boys [29]. A questionnaire was distributed to the parents
of 50,086 Japanese school children to assess whether and how
childhood obesity is associated with allergic diseases. A signif-
icant association was detected between lower BMI and AR, as
well as a significantly lower prevalence of AR among children
with obesity, especially boys. No association between obesity
and disease severity was observed for AR. Similar results were
observed in a population-based cross-sectional study for adults
[28]. According to one study, the prevalence of AR is increased
by sporting activities, and the incidence of new rhinitis in
school children is increasing. Children with more sporting ac-
tivity tend to suffer from AR. The authors suggested that in-
creased exposure to pollen during sporting activities or trans-
dermal absorption of inhalant allergens may be enhanced
through barrier-disrupted skin during sporting activities, lead-
ing to nasal allergy inflammation [88]. In addition, some studies
have reported that obesity may have a different impact on AR,
depending on gender and age [24].

In summary, the role of obesity in the development of CRS
is relatively well defined, and there is a negative association

between obesity and CRS. In contrast, although obesity and
AR are associated, the directionality of association remains
unclear and should be clarified in future studies.

Obstructive Sleep Apnea and Other Forms
of Sleep-Disordered Breathing

Individuals spend approximately one third of their lives on
average sleeping, which is essential for health and well-being.
Sleep-disordered breathing (SDB), a major cause of sleep dis-
turbances in a wide range of abnormal conditions ranging
from simple snoring to OSA, can have detrimental effects on
physical or mental health. OSA is a disorder in which the
upper airway is repeatedly blocked, resulting in oxygen satu-
ration and awakening during sleep [89, 90]. OSA affects ap-
proximately 13% of men, 6% of women aged 30–70 years
old, and 1–4% of children [91]. Recent studies have shown
that OSA is closely related to metabolic syndrome and has
pathophysiologically overlapping mechanisms [91–93].

Obesity is one of five components comprising metabolic
syndrome. Metabolic syndrome is strongly linked to obesity
and is also a well-known risk factor for OSA. Therefore, sev-
eral mechanisms have been suggested to explain the biologi-
cal plausibility of OSA, independent of obesity, increasing the
risk of metabolic syndrome [92]. These mechanisms may be
associated with cytokines, oxidative stress, intermittent hyp-
oxia, and selective activation of systemic inflammatory reac-
tions. Repeated obstructive events cause intermittent hypoxia
in OSA. Repaid reoxygenation of transiently ischemic tissues
can damage tissues and release reactive oxygen species, the
cause of oxidative stress. Intermittent hypoxia and resultant
oxidative stress have been proposed as a pathogenic pathway
between OSA and disturbance of glucose homeostasis, hyper-
lipidemia, insulin resistance, and hypercholesterolemia.
Inflammatory cytokines (e.g., IL-6 or TNF-α) that are trig-
gered by intermittent hypoxia and sleep fragmentation have
been postulated as a putative mechanism underpinning meta-
bolic syndrome. Inflammatory cytokines may also impair in-
sulin action in peripheral tissues and increase insulin resis-
tance, dyslipidemia, and hypertension in OSA [93].
Therefore, obesity and OSA appear to have a synergistic, neg-
ative effect on glucose metabolism. Furthermore, intermittent
hypoxemia has been shown to produce beta cell dysfunction
as well as insulin resistance [91, 93]. Another way in which
the pathophysiological mechanisms may overlap is inflamma-
tion. Several studies have proposed that OSA in both adults
and children is a disease of inflammation. Intermittent airway
obstruction places mechanical stress on mucosa that promotes
local airway inflammation and systemic overexpression of
proinflammatory cytokines [92, 93].

Recently, clinicians are recognizing that the development
of OSA and subsequent sleep fragmentation may contribute to
accelerated weight gain. Many patients report rapid increases

Curr Allergy Asthma Rep (2019) 19: 34 Page 9 of 21 34



Ta
bl
e
3

St
ud
ie
s
as
se
ss
in
g
th
e
as
so
ci
at
io
n
be
tw
ee
n
rh
in
ol
og
ic
di
se
as
es

an
d
ob
es
ity

A
ut
ho
rs
an
d

re
fe
re
nc
e

C
ou
nt
ry

St
ud
y
de
si
gn

N
o.

A
ge

R
hi
no
lo
gi
c

di
se
as
e

A
nt
hr
op
om

et
ri
c

m
ea
su
re
m
en
t

fo
r
ob
es
ity

as
se
ss
m
en
t

R
es
ul
ts

C
on
cl
us
io
ns

L
iu

W
,e
t
al
.

[1
2]

C
hi
na

C
as
e-
co
nt
ro
l

st
ud
y

60
5–
10

ye
ar
s

A
R

B
M
I

A
R
ch
ild

re
n
w
ith

ob
es
ity

ha
d
hi
gh
er

T
N
SS

sc
or
e

th
an

di
d
A
R
ch
ild

re
n
w
ith
ou
to

be
si
ty
.S

er
um

le
pt
in

an
d
O
PN

le
ve
ls
w
er
e
si
gn
if
ic
an
tly

hi
gh
er

in
A
R
ch
ild

re
n
th
an

in
co
nt
ro
ls
,

es
pe
ci
al
ly

in
ob
es
e

ch
ild
re
n
(P

<
0.
05
)

U
pr
eg
ul
at
io
n
of

le
pt
in

an
d

O
PN

in
ob
es
e
ch
ild

re
n
w
ith

A
R

w
as

co
rr
el
at
ed

w
ith

th
e

co
un
ta
nd

ac
tiv
at
io
n
(E
C
P

le
ve
l)
of

eo
si
no
ph
il
in
fl
am

m
at
io
n

w
he
n
co
m
pa
re
d
w
ith

no
n-
ob
es
e
ch
ild
re
n
w
ith

A
R

or
co
nt
ro
ls
,s
ug
ge
st
in
g
th
at

ob
es
ity

m
ay

be
in
vo
lv
ed

in
th
e

re
gu
la
tio

n
of

eo
si
no
ph
ils

th
ro
ug
h
le
pt
in

an
d
O
PN

Z
en
g
Q
,

et
al
.[
13
]

C
hi
na

C
as
e-
co
nt
ro
l

st
ud
y

60
7–
12

ye
ar
s

A
R

B
M
I

T
N
SS

w
as

si
gn
if
ic
an
tly

hi
gh
er
in

ob
es
e
ch
ild
re
n
w
ith

A
R
th
an

in
no
n-
ob
es
e

ch
ild
re
n
w
ith

A
R
(P

<
0.
05
).
B
ot
h
se
ru
m

le
pt
in

an
d
O
PN

co
nc
en
tr
at
io
ns

w
er
e
si
gn
if
ic
an
tly

in
cr
ea
se
d
in

ch
ild
re
n
w
ith

A
R
co
m
pa
re
d

w
ith

no
rm

al
co
nt
ro
ls
,e
sp
ec
ia
lly

in
pa
tie
nt
s
w
ith

ob
es
ity

(P
<
0.
05
)

L
ep
tin

an
d
O
PN

w
er
e

si
gn
if
ic
an
tly

up
re
gu
la
te
d
in

ob
es
e
ch
ild
re
n
w
ith

A
R

L
iu

W
,

et
al
.[
14
]

C
hi
na

C
ro
ss
-s
ec
tio

na
l

st
ud
y

31
26

A
du
lts

A
R

B
M
I,
W
C
,W

H
R
,

PB
F

T
he

sy
m
pt
om

sc
or
e
(9
.5
±
3.
1
vs

8.
2
±
3.
5,
P
<
0.
05
)

an
d

m
ed
ic
at
io
n
sc
or
e
(3
.6
±
1.
6
vs

2.
9
±
1.
8,
P
<
0.
05
)

w
er
e

si
gn
if
ic
an
tly

hi
gh
er

in
ob
es
e

ch
ild
re
n
w
ith

A
R
th
an

in
no
n-
ob
es
e
ch
ild

re
n
w
ith

A
R

O
be
si
ty

ex
ac
er
ba
te
s

in
fl
am

m
at
io
n

an
d
co
nt
ri
bu
te
s
to

di
se
as
e

se
ve
ri
ty

in
A
R

L
im

M
S,

et
al
.[
15
]

K
or
ea

C
ro
ss
-s
ec
tio

na
l

st
ud
y

53
,7
69

(A
R

pa
tie
nt
:9

01
8)

15
.0
±
0.
0
ye
ar
s

A
R

B
M
I

In
A
R
,O

R
w
as

si
gn
if
ic
an
tly

hi
gh
er

in
ov
er
w
ei
gh
tg

ro
up
s

th
an

in
ot
he
r
gr
ou
ps

ba
se
d
on

m
ul
tip

le
lo
gi
st
ic
re
gr
es
si
on

an
al
ys
is
(O

R
=
1.
05
;9

5%
C
I
0.
99

to
1.
12
;P

=
0.
02
5)

O
ve
rw

ei
gh
tw

as
po
si
tiv
el
y

co
rr
el
at
ed

w
ith

A
R

L
ei
Y
,

et
al
.[
16
]

C
hi
na

C
ro
ss
-s
ec
tio

na
l

st
ud
y

33
27

2–
14

ye
ar
s

A
R

B
M
I

O
be
si
ty

(O
R
=
1.
33
)
in
cr
ea
se
d
th
e
pr
ev
al
en
ce

of
A
R
.O

be
si
ty

(O
R
=
1.
48
)
af
fe
ct
ed

th
e

in
ci
de
nc
e
of

A
R
in

gi
rl
s

O
be
si
ty

in
cr
ea
se
d
th
e

pr
ev
al
en
ce

of
A
R
in

ch
ild
re
n

Pa
rk

D
Y
,

et
al
.[
17
]

K
or
ea

C
ro
ss
-s
ec
tio

na
l

st
ud
y

97
A
du
lts

A
R

B
M
I

T
he

as
so
ci
at
io
n
be
tw
ee
n

hi
st
am

in
e
sk
in

re
ac
tiv
ity

(w
he
al
si
ze
)
an
d
B
M
I
w
as

pr
es
en
ti
n
m
ul
tiv
ar
ia
te
an
al
ys
is
,

ad
ju
st
ed

fo
r
ag
e,
se
x,
at
op
y,

sm
ok
in
g
hi
st
or
y,
an
d
se
as
on

H
is
ta
m
in
e
sk
in

re
ac
tiv
ity

in
cr
ea
se
d
w
ith

B
M
I

(d
eg
re
e
of

ob
es
ity
)

K
or
ea

58
5

O
ve
r
20

ye
ar
s

C
R
S

B
M
I

34 Page 10 of 21 Curr Allergy Asthma Rep (2019) 19: 34



T
ab

le
3

(c
on
tin

ue
d)

A
ut
ho
rs
an
d

re
fe
re
nc
e

C
ou
nt
ry

St
ud
y
de
si
gn

N
o.

A
ge

R
hi
no
lo
gi
c

di
se
as
e

A
nt
hr
op
om

et
ri
c

m
ea
su
re
m
en
t

fo
r
ob
es
ity

as
se
ss
m
en
t

R
es
ul
ts

C
on
cl
us
io
ns

K
im

T
H
,e
t
al
.

[1
8]

C
ro
ss
-s
ec
tio

na
l

st
ud
y

M
ea
n
B
M
Is
in

th
e
C
R
S
gr
ou
p

w
er
e
si
gn
if
ic
an
tly

hi
gh
er

th
an

in
th
e
co
nt
ro
lg

ro
up

(2
4.
68

±
3.
25

vs
3.
22

±
3.
01

kg
/m

2,
P
<
0.
05
).
T
he

ra
te
s

of
ob
es
ity

w
er
e
si
gn
if
ic
an
tly

hi
gh
er

in
th
e
C
R
S
gr
ou
p
th
an

in
th
e
co
nt
ro
lg

ro
up

(4
2.
9
vs

24
.3
%
,P

<
0.
05
)

M
ea
n
B
M
I
an
d
pr
ev
al
en
ce

of
ob
es
ity

w
er
e
el
ev
at
ed

in
th
re
e

gr
ou
ps

of
pa
tie
nt
s
w
ith

re
pr
es
en
ta
tiv

e
C
R
S

B
ha
tta
ch
ar
yy
a

N
.[
19
]

U
SA

C
ro
ss
-s
ec
tio

na
l

an
al
ys
is
of

m
ed
ic
al
pa
ne
l

su
rv
ey

22
9.
3
±
4.
6
m
ill
io
n

ad
ul
tA

m
er
ic
an
s

(u
nw

ei
gh
te
d

N
=
46
,6
17
),

O
ve
r
18

ye
ar
s

A
R
,C

R
S

B
M
I (≥
30
.0

kg
/m

2
)

T
he

aO
R
fo
r
A
R
w
he
n
ob
es
ity

w
as

pr
es
en
tw

as
1.
22

(P
<
0.
00
1,

95
%

C
I
1.
12

to
1.
33
)
an
d
C
R
S

w
as

1.
31

(P
<
0.
00
1,
95
%

C
I
1.
18

to
1.
45
).
In
cr
ea
si
ng

B
M
I
as

a
co
nt
in
uo
us

va
ri
ab
le

w
as

si
gn
if
ic
an
tly

as
so
ci
at
ed

w
ith

th
e
pr
es
en
ce

of
bo
th

A
R

(O
R
=
1.
02
3,
P
<
0.
00
1)

an
d

C
R
S
(O

R
=
1.
02
2,
P
<
0.
00
1)

In
cr
ea
se
d
pr
ev
al
en
ce

of
ad
ul
to
be
si
ty
w
as

as
so
ci
at
ed

w
ith

bo
th

A
R
an
d
C
R
S

H
ua
ng

SL
,

et
al
.[
20
]

Ta
iw
an

C
ro
ss
-s
ec
tio

na
l

st
ud
y

14
59

13
.7
8
±
0.
36

ye
ar
s

A
R

B
M
I

G
ir
ls
in

th
e
hi
gh
es
tB

M
I
qu
in
til
e

ha
d
hi
gh
er

pr
ev
al
en
ce

of
at
op
y

an
d
rh
in
iti
s
sy
m
pt
om

s.
G
ir
ls

in
th
e
lo
w
es
tB

M
I
qu
in
til
e
ha
d

lo
w
er
pr
ev
al
en
ce

of
B
H
R
an
d
w
he
ez
in
g

B
M
I
w
as

a
si
gn
if
ic
an
t

pr
ed
ic
to
r

of
at
op
y,
al
le
rg
ic
sy
m
pt
om

s,
an
d
B
H
R
in

te
en
ag
e
gi
rl
s

Sa
ad
eh

D
,

et
al
.[
21
]

Fr
an
ce

C
ro
ss
-s
ec
tio

na
l

st
ud
y

67
33

9–
11

ye
ar
s

A
R

B
M
I

A
ft
er

ad
ju
st
m
en
tf
or

co
nf
ou
nd
in
g

fa
ct
or
s,
lif
et
im

e
an
d
pa
st
-y
ea
r

A
R
w
er
e
as
so
ci
at
ed

w
ith

hi
gh

B
M
I
in

w
he
ez
in
g
ch
ild

re
n

(a
O
R
=
1.
63
,[
1.
09

to
2.
45
]
an
d

aO
R
=
2.
20
,[
1.
13

to
4.
27
])

H
ig
h
B
M
I
w
as

as
so
ci
at
ed

w
ith

lif
et
im

e
an
d
pa
st
-y
ea
r
A
R

C
hu
ng

SD
,

et
al
.[
22
]

Ta
iw
an

C
ro
ss
-s
ec
tio

na
l

st
ud
y

22
,9
63

(C
R
S:

57
34
,c
on
tr
ol
:

17
,2
02
)

18
–8
0
ye
ar
s

C
R
S

B
M
I

O
be
si
ty

w
as

si
gn
if
ic
an
tly

as
so
ci
at
ed

w
ith

C
R
S

(a
O
R
=
2.
50
,9
5%

C
I
1.
90

to
3.
30
,P

<
0.
05
)

Su
bj
ec
ts
w
ith

C
R
S
ha
ve

an
in
cr
ea
se
d
pr
ev
al
en
ce

of
ob
es
ity

M
at
su
m
ot
o
M
,

et
al
.[
23
]

Ja
pa
n

C
ro
ss
-s
ec
tio

na
l

st
ud
y

11
,9
17

18
–2
5
ye
ar
s

PA
R
,S

A
R

B
M
I

T
he

pr
ev
al
en
ce

of
PA

R
w
as

no
ta
ss
oc
ia
te
d
w
ith

B
M
I.

L
ow

B
M
I
w
as

si
gn
if
ic
an
tly

as
so
ci
at
ed

w
ith

hi
gh

SA
R

pr
ev
al
en
ce

(P
<
0.
05
)

C
om

pa
ri
so
ns

be
tw
ee
n
PA

R
an
d
SA

R
re
ve
al
ed

th
at
th
e

co
nd
iti
on
s
ar
e
di
ff
er
en
tia
lly

as
so
ci
at
ed

w
ith

B
M
I

H
an

Y
Y
,e
t
al
.

[2
4]

U
SA

C
ro
ss
-s
ec
tio

na
l

st
ud
y

81
65

(2
35
8

ch
ild

re
n
an
d

49
06

ad
ul
ts
)

≥
6
ye
ar
s

A
R

B
M
I

In
ad
ul
ts
,b
ei
ng

ov
er
w
ei
gh
to

r
ob
es
e
w
as

as
so
ci
at
ed

w
ith

in
cr
ea
se
d
od
ds

of
no
n-
A
R

(a
O
R
=
1.
43
,9
5%

C
I
1.
06

In
ad
ul
ts
,o
be
si
ty

is
as
so
ci
at
ed

w
ith

in
cr
ea
se
d
od
ds

of
no
n-
A
R
,p
ar
tic
ul
ar
ly

in
m
al
es
.

Curr Allergy Asthma Rep (2019) 19: 34 Page 11 of 21 34



T
ab

le
3

(c
on
tin

ue
d)

A
ut
ho
rs
an
d

re
fe
re
nc
e

C
ou
nt
ry

St
ud
y
de
si
gn

N
o.

A
ge

R
hi
no
lo
gi
c

di
se
as
e

A
nt
hr
op
om

et
ri
c

m
ea
su
re
m
en
t

fo
r
ob
es
ity

as
se
ss
m
en
t

R
es
ul
ts

C
on
cl
us
io
ns

to
1.
93
,P

=
0.
02
).
In

ch
ild
re
n,

ce
nt
ra
lo

be
si
ty

w
as

as
so
ci
at
ed

w
ith

re
du
ce
d
od
ds

of
A
R

(a
O
R
=
0.
35
,9
5%

C
I
0.
19

to
0.
64
,P

<
0.
01
)

In
ch
ild

re
n,
ce
nt
ra
lo

be
si
ty

is
as
so
ci
at
ed

w
ith

re
du
ce
d

od
ds

of
A
R
,r
eg
ar
dl
es
s
of

ge
nd
er

K
an
ag
al
in
ga
m

S,
et
al
.[
25
]

U
SA

R
an
do
m
iz
ed
,

do
ub
le
-m

as
ke
d,

pl
ac
eb
o-
-

co
nt
ro
lle
d
st
ud
y

23
6

21
–6
8
ye
ar
s

A
R

B
M
I

O
be
si
ty

ha
d
no

ef
fe
ct
on

th
e

se
ve
ri
ty

of
si
no
na
sa
ld

is
ea
se

sy
m
pt
om

s
in

as
th
m
at
ic
s

(S
N
O
T
22

sc
or
e
[m

ea
n
±
SD

]
35
.4
±
18
.5
,4
0.
2
±
22
.8
,a
nd

39
.1
±
21
.7
,P

=
0.
43
,i
n
le
an
,

ov
er
w
ei
gh
t,
an
d
ob
es
e

pa
rt
ic
ip
an
ts
,r
es
pe
ct
iv
el
y)
,

or
on

na
sa
l,
br
on
ch
ia
l,
or

sy
st
em

ic
m
ar
ke
rs
of

al
le
rg
ic
in
fl
am

m
at
io
n

O
be
si
ty

do
es

no
ta
ff
ec
t

se
ve
ri
ty

of
si
no
na
sa
ld

is
ea
se

in
pa
tie
nt
s
w
ith

as
th
m
a

Sy
bi
ls
ki

A
J,

et
al
.[
26
]

Po
la
nd

Q
ue
st
io
nn
ai
re
-b
as
ed

su
rv
ey

18
,6
17

C
hi
ld
re
n:

(1
)

6–
7
ye
ar
s,
(2
)

13
–1
4
ye
ar
s

A
du
lt:

20
–4
4
ye
ar
s

A
R

B
M
I

O
ve
rw

ei
gh
t(
O
R
=
0·
81
)
an
d

ob
es
ity

(O
R
=
0·
76
)
re
du
ce
d
th
e

pr
ev
al
en
ce

of
A
R
in

m
en

H
ig
he
r
B
M
I
w
as

ne
ga
tiv
el
y

as
so
ci
at
ed

w
ith

th
e

pr
ev
al
en
ce

of
A
R
in

ov
er
w
ei
gh
t

an
d
ob
es
e
m
an

Si
de
ll
D
,e
ta
l.

[2
7]

U
SA

C
ro
ss
-s
ec
tio

na
l

an
al
ys
is

42
.1
m
ill
io
n

(u
nw

ei
gh
te
d

N
=
51
0,
62
3)

Sc
ho
ol
-a
ge

ch
ild

re
n

A
R
,C

R
S

B
M
I

U
til
iz
in
g
an

ad
ju
st
ed

m
ul
tiv

ar
ia
te

m
od
el
,c
hi
ld
ho
od

ob
es
ity

w
as

fo
un
d
to

be
no

as
so
ci
at
ed

w
ith

A
R
an
d
C
R
S

C
hi
ld
ho
od

ob
es
ity

ap
pe
ar
s

to
be

as
so
ci
at
ed

w
ith

th
e

de
ve
lo
pm

en
to

f
A
O
M
;

ho
w
ev
er
,

an
as
so
ci
at
io
n
be
tw
ee
n

ob
es
ity

an
d
A
R
or

C
R
S
w
as

no
t

de
m
on
st
ra
te
d

K
on
no

S,
et
al
.

[2
8]
.

Ja
pa
n

A
po
pu
la
tio

n-
ba
se
d,

cr
os
s-
se
ct
io
na
l

st
ud
y

22
,8
19

20
–7
9
ye
ar
s

R
hi
ni
tis

B
M
I

Pa
rt
ic
ul
ar
ly

in
th
e
20
-
to

44
-y
ea
r
ag
e
gr
ou
p,
ob
es
ity

w
as

ne
ga
tiv

el
y
as
so
ci
at
ed

w
ith

rh
in
iti
s
w
ith
ou
ta
st
hm

a

O
be
si
ty

m
ay

ha
ve

di
ff
er
en
t

ef
fe
ct
s
on

th
e
de
ve
lo
pm

en
t

of
rh
in
iti
s

K
us
un
ok
iT

,
et
al
.[
29
]

Ja
pa
n

C
ro
ss
-s
ec
tio

na
l

st
ud
y

50
,0
86

7–
15

ye
ar
s

A
R

B
M
I

Si
gn
if
ic
an
ta
ss
oc
ia
tio

ns
w
er
e

fo
un
d
be
tw
ee
n
lo
w
er

B
M
I

an
d
A
R
/A
C
(P

<
0.
00
01
).

Si
gn
if
ic
an
tly

lo
w
er

pr
ev
al
en
ce

of
A
R
/A
C
(P

=
0.
00
2)

w
as

ob
se
rv
ed

in
ch
ild

re
n
w
ith

ob
es
ity
,a
nd

A
R

(P
=
0.
04
)
an
d
A
R
/A
C
(P

=
0.
00
04
)

am
on
g
bo
ys

w
ith

ob
es
ity

th
an

th
os
e
w
ith

ou
to

be
si
ty

C
hi
ld
ho
od

ob
es
ity

ha
s

ne
ga
tiv
e
as
so
ci
at
io
ns

w
ith

A
R

pr
ev
al
en
ce
,e
sp
ec
ia
lly

am
on
g
bo
ys

A
nd
er
se
n
IG

,
et
al
.[
30
]

D
en
m
ar
k

C
ro
ss
-s
ec
tio

na
l

st
ud
y

13
9

7–
18

ye
ar
s

O
SA

B
M
I
SD

S
O
SA

pr
ev
al
en
ce

w
as

44
.6
%

in
ch
ild

re
n

w
ith

ov
er
w
ei
gh
t/o
be
si
ty

co
m
pa
re
d

w
ith

9.
1%

in
th
e
no
rm

al
w
ei
gh
tg

ro
up

C
hi
ld
re
n
w
ith

ov
er
w
ei
gh
t/o

be
si
ty

ha
d
a
si
gn
if
ic
an
tly

hi
gh
er

34 Page 12 of 21 Curr Allergy Asthma Rep (2019) 19: 34



T
ab

le
3

(c
on
tin

ue
d)

A
ut
ho
rs
an
d

re
fe
re
nc
e

C
ou
nt
ry

St
ud
y
de
si
gn

N
o.

A
ge

R
hi
no
lo
gi
c

di
se
as
e

A
nt
hr
op
om

et
ri
c

m
ea
su
re
m
en
t

fo
r
ob
es
ity

as
se
ss
m
en
t

R
es
ul
ts

C
on
cl
us
io
ns

(P
=
0.
00
02
).
R
el
at
iv
e
ri
sk

of
O
SA

w
as

4.
9
(9
5%

C
I
1.
6
to

14
.7
).
A

ge
ne
ra
liz
ed

lin
ea
r
re
gr
es
si
on

ad
ju
st
ed

fo
r
th
e
sa
m
e
va
ri
ab
le
s
re
ve
al
ed

an
as
so
ci
at
io
n
be
tw
ee
n
B
M
I
SD

S
an
d

A
H
I
(a

on
e-
un
it
in
cr
ea
se

in
th
e

B
M
I
SD

S
eq
ua
le
d
an

av
er
ag
e

in
cr
ea
se

in
th
e
A
H
I
of

35
%

[9
5%

C
I
19

to
53
%
,P

<
0.
00
01
])

pr
ev
al
en
ce

of
O
SA

w
he
n

co
m
pa
re
d
w
ith

a
no
rm

al
w
ei
gh
tg

ro
up
.I
nc
re
as
ed

B
M
I
SD

S
w
as

as
so
ci
at
ed

w
ith

in
cr
ea
se
d
A
H
I

E
va
ng
el
is
ti
M
,

et
al
.[
31
]

It
al
y

C
ro
ss
-s
ec
tio

na
l

st
ud
y

24
8

8.
08

ye
ar
s

SD
B

B
M
I

O
be
se

ch
ild

re
n
sh
ow

ed
hi
gh
er

O
D
I
an
d

lo
w
er
na
di
r
Sa
O
2
co
m
pa
re
d
to

no
n-
ob
es
e
ch
ild

re
n
(P

<
0.
05
).
O
D
I

an
d
na
di
r
Sa
O
2
co
rr
el
at
ed

w
ith

ob
es
ity

(P
<
0.
05
)

O
be
se

ch
ild

re
n
w
ith

SD
B
ha
ve

m
or
e
si
gn
if
ic
an
to

xy
ge
n

de
sa
tu
ra
tio

n

M
at
he
w
R
,

et
al
.[
32
]

U
SA

R
et
ro
sp
ec
tiv

e
re
vi
ew

st
ud
y

90
O
ve
r
18

ye
ar
s

O
SA

B
M
I

B
M
I
w
as

th
e
on
ly

si
gn
if
ic
an
tp

re
di
ct
or

of
H
A
R
(a
O
R
=
0.
13
8;

P
=
0.
00
2)

in
a
lin

ea
r
re
gr
es
si
on

m
od
el
w
ith

na
tu
ra
ll
og

tr
an
sf
or
m
at
io
n
of

th
e

H
A
R
pe
rf
or
m
ed

fo
r
ag
e,
ge
nd
er
,

ra
ce
,a
nd

B
M
I

E
xt
re
m
el
y
ob
es
e
pa
tie
nt
s

m
an
if
es
tO

SA
w
ith

a
pr
ep
on
de
ra
nc
e
of

hy
po
pn
ea
s

K
im

H
,e
t
al
.

[3
3]

K
or
ea

R
et
ro
sp
ec
tiv

e
re
vi
ew

st
ud
y

29
7

19
–8
7
ye
ar
s

O
SA

B
M
I

T
he

ox
yg
en

de
sa
tu
ra
tio
n
in
de
x
w
as

di
ff
er
en
ti
n
pa
tie
nt
s
w
ho

w
er
e

tr
ea
te
d
w
ith

M
A
D
an
d
su
rg
er
y.

O
be
se

pa
tie
nt
s
w
ith

se
ve
re

O
SA

sh
ow

ed
an

un
fa
vo
ra
bl
e
re
sp
on
se

to
C
PA

P
tr
ea
tm

en
t.
Fo

r
C
PA

P
co
m
pl
ia
nc
e,
ob
es
e
pa
tie
nt
s
sh
ow

ed
a

te
nd
en
cy

to
be

hi
gh
ly

co
m
pl
ia
nt

w
ith

C
PA

P
tr
ea
tm

en
ta
t1

2
m
on
th
s
w
he
n

co
m
pa
re
d
to

no
n-
ob
es
e
pa
tie
nt
s

O
be
si
ty

m
ay

be
a
fa
ct
or

in
de
te
rm

in
in
g
th
e
su
cc
es
s

or
fa
ilu
re

of
tr
ea
tm

en
t.

O
be
si
ty
m
ay

be
a
pr
ed
ic
tiv

e
fa
ct
or

fo
r
C
PA

P
co
m
pl
ia
nc
e

A
rn
ar
do
tti
rE

S,
et
al
.[
34
]

Ic
el
an
d

C
ro
ss
-s
ec
tio

na
l

st
ud
y

45
2

54
.3
±
10
.6

ye
ar
s

O
SA

B
M
I

L
ep
tin

le
ve
ls
w
er
e
m
or
e
st
ro
ng
ly

co
rr
el
at
ed

w
ith

B
M
I.
N
o
re
la
tio
ns
hi
p
w
as

de
te
ct
ed

be
tw
ee
n
sl
ee
p
ap
ne
a
se
ve
ri
ty

an
d
le
pt
in

le
ve
ls
,

as
se
ss
ed

w
ith
in

th
re
e
B
M
I
gr
ou
ps

(B
M
I<

30
,B

M
I
30
–3
5,
an
d

B
M
I>

35
kg
/m

2
)

O
be
si
ty

an
d
ge
nd
er

ar
e
th
e

pr
ed
om

in
an
td

et
er
m
in
an
ts

of
le
pt
in

le
ve
ls

A
nt
cz
ak

J,
et
al
.[
35
]

G
er
m
an
y

R
et
ro
sp
ec
tiv

e
ch
ar
t

re
vi
ew

38
(1
3
no
n-
ob
es
e,

13
ob
es
e,
an
d
12

se
ve
re
ly

ob
es
e

m
al
e)

A
du
lts

O
SA

(C
PA

P
th
er
ap
y)

B
M
I

In
di
ag
no
st
ic
po
ly
so
m
no
gr
ap
hy
,

ob
es
e
an
d
se
ve
re
ly

ob
es
e
su
bj
ec
ts

sh
ow

ed
in
cr
ea
se
s
in

A
H
I
an
d
N
R
E
M
-1

sl
ee
p,
an
d
de
cr
ea
se
s
in

m
in

Sa
O
2
,

R
E
M

sl
ee
p,
an
d
pa
rt
ia
lS

W
S,

w
he
n
co
m
pa
re
d
w
ith

th
e
no
n-
ob
es
e
gr
ou
p.

O
n
th
e
se
co
nd

ni
gh
tu

nd
er

C
PA

P,
no
rm

al
iz
at
io
n
of

A
H
I
an
d
re
bo
un
d
of

R
E
M

A
ft
er
lo
ng
-t
er
m
C
PA

P
th
er
ap
y,

no
de
le
te
ri
ou
s
ef
fe
ct
s
of

ob
es
ity

on
sl
ee
p
qu
al
ity

ar
e
ap
pa
re
nt
in

sl
ee
p
ap
ne
a
pa
tie
nt
s

Curr Allergy Asthma Rep (2019) 19: 34 Page 13 of 21 34



T
ab

le
3

(c
on
tin

ue
d)

A
ut
ho
rs
an
d

re
fe
re
nc
e

C
ou
nt
ry

St
ud
y
de
si
gn

N
o.

A
ge

R
hi
no
lo
gi
c

di
se
as
e

A
nt
hr
op
om

et
ri
c

m
ea
su
re
m
en
t

fo
r
ob
es
ity

as
se
ss
m
en
t

R
es
ul
ts

C
on
cl
us
io
ns

an
d
SW

S
oc
cu
rr
ed
,w

hi
ch

w
er
e
m
or
e
pr
on
ou
nc
ed

in
th
e

se
ve
re
ly

ob
es
e
th
an

in
th
e

no
n-
ob
es
e
an
d
ob
es
e
gr
ou
p

D
al
tr
o
C
,e
t
al
.

[3
6]

B
ra
zi
l

C
ro
ss
-s
ec
tio

na
l

st
ud
y

10
8

37
.1
±
10
.2

ye
ar
s

O
SA

B
M
I

T
he

ca
lc
ul
at
ed

A
H
I
ra
ng
ed

w
id
el
y

fr
om

2.
5
to

12
8.
9
ev
en
ts
/h
.S

le
ep

ap
ne
a
w
as

de
te
ct
ed

in
93
.6
%

of
th
e
sa
m
pl
e,
w
he
re
in

35
.2
%

ha
d
m
ild
,3
0.
6%

m
od
er
at
e,
an
d
27
.8
%

se
ve
re

ap
ne
a

T
he
re

w
as

a
hi
gh

fr
eq
ue
nc
y
of

sl
ee
p
ap
ne
a
in

th
is
gr
ou
p
of

m
or
bi
dl
y

ob
es
e
pa
tie
nt
s,
fo
r
w
ho
m

it
w
as

ve
ry

im
po
rt
an
tt
o
re
qu
es
t

PS
G
,

th
us

en
ab
lin

g
th
er
ap
eu
tic

m
an
ag
em

en
ta
nd

pr
og
no
st
ic
at
io
n

R
ed
lin

e
S,

et
al
.[
37
]

U
SA

C
om

m
un
ity

-b
as
ed

ge
ne
tic

ep
id
em

io
lo
gi
c

st
ud
y

39
9

2–
18

ye
ar
s

SD
B

B
M
I

SD
B
of

m
od
er
at
e
le
ve
lw

as
si
gn
if
ic
an
tly

as
so
ci
at
ed

w
ith

ob
es
ity

(O
R
=
4.
59
;

95
%

C
I
1.
58

to
13
.3
3)

an
d

A
fr
ic
an
-A

m
er
ic
an

ra
ce

(O
R
=
3.
49
;9

5%
C
I
0.
15
6
to

8.
32
)

bu
tn

ot
w
ith

se
x
or

ag
e

T
he
se

da
ta
su
gg
es
tt
he

im
po
rt
an
ce

of
ob
es
ity

as
ri
sk

fa
ct
or
s
fo
r

SD
B

in
ch
ild

re
n
an
d
ad
ol
es
ce
nt
s

N
ew

m
an

A
B
,

et
al
.[
38
]

U
SA

M
ul
tic
en
te
r,

lo
ng
itu

di
na
l

co
ho
rt
st
ud
y

29
68

A
du
lts

SD
B

W
ei
gh
tc
ha
ng
e

B
ot
h
m
en

an
d
w
om

en
ha
d
a

gr
ea
te
r
in
cr
ea
se

in
R
D
I
w
ith

w
ei
gh
tg

ai
n
th
an

a
de
cr
ea
se

in
R
D
I
w
ith

w
ei
gh
tl
os
s

M
od
es
tc
ha
ng
es

in
w
ei
gh
t

w
er
e

re
la
te
d
to

an
in
cr
ea
se

or
de
cr
ea
se

in
SD

B
,a
nd

th
is

as
so
ci
at
io
n
w
as

st
ro
ng
er

in
m
en

th
an

in
w
om

en
Pe
pp
ar
d
PE

,
et
al
.[
39
]

U
SA

L
on
gi
tu
di
na
l

po
pu
la
tio

n-
ba
se
d

pr
os
pe
ct
iv
e
co
ho
rt

st
ud
y

69
0

A
du
lts

SD
B

W
ei
gh
tc
ha
ng
e

A
10
%

in
cr
ea
se

in
w
ei
gh
tp

re
di
ct
ed

a
si
x-
fo
ld

(9
5%

C
I
2.
2
to

17
.0
)

in
cr
ea
se

in
th
e
od
ds

of
de
ve
lo
pi
ng

m
od
er
at
e-
to
-s
ev
er
e
S
D
B

C
lin
ic
al
an
d
pu
bl
ic
he
al
th

pr
og
ra
m
s
th
at
re
su
lt
in

ev
en

m
od
es
tw

ei
gh
tc
on
tr
ol

ar
e
lik

el
y
to

be
ef
fe
ct
iv
e
in

m
an
ag
in
g
SD

B
an
d

re
du
ci
ng

ne
w
oc
cu
rr
en
ce

of
SD

B
Pu

nj
ab
iN

M
,

et
al
.[
40
]

U
SA

Pr
os
pe
ct
iv
e

cr
os
s-
se
ct
io
na
l

st
ud
y

15
0

O
ve
r
45

ye
ar
s

SD
B

B
M
I, de
te
rm

in
at
io
n

of
bo
dy

fa
t

A
ft
er

ad
ju
st
in
g
fo
r
B
M
I
an
d
pe
rc
en
t

bo
dy

fa
t,
an

A
H
I
ov
er

fi
ve

ev
en
ts
/h

w
as

as
so
ci
at
ed

w
ith

an
in
cr
ea
se
d
ri
sk

of
ha
vi
ng

im
pa
ir
ed

or
di
ab
et
ic
gl
uc
os
e

to
le
ra
nc
e
(O

R
=
2.
15
,

95
%

C
I
1.
05

to
4.
38
)

SD
B
is
a
pr
ev
al
en
tc
on
di
tio

n
in

m
ild

ly
ob
es
e
m
en

an
d
is

in
de
pe
nd
en
tly

as
so
ci
at
ed

w
ith

gl
uc
os
e
in
to
le
ra
nc
e

an
d
in
su
lin

re
si
st
an
ce

R
ic
hm

an
R
M
,

et
al
.[
41
]

U
SA

Pr
os
pe
ct
iv
e

cr
os
s-
se
ct
io
na
l

st
ud
y

10
8
w
om

en
O
ve
r
18

ye
ar
s

O
SA

B
M
I

T
he
re

w
as

a
si
gn
if
ic
an
tp

os
iti
ve

co
rr
el
at
io
n
fo
r
R
D
I
an
d

B
M
I
(r
=
0.
71
;P

<
0.
00
1)

O
be
se

w
om

en
sh
ou
ld

be
co
ns
id
er
ed

at
ri
sk

of
O
SA

V
go
nt
za
s
A
N
,

et
al
.[
42
]

U
SA

37
8
(o
be
se

gr
ou
p:

25
0,
ag
e-

an
d

A
du
lts

O
SA

B
M
I

O
be
se

pa
tie
nt
s,
bo
th

m
en

an
d
w
om

en
,

w
ith

ou
tO

SA
de
m
on
st
ra
te
d
a

Se
ve
re
ly

or
m
or
bi
dl
y
ob
es
e

m
en

ar
e
at
ex
tr
em

el
y
hi
gh

34 Page 14 of 21 Curr Allergy Asthma Rep (2019) 19: 34



T
ab

le
3

(c
on
tin

ue
d)

A
ut
ho
rs
an
d

re
fe
re
nc
e

C
ou
nt
ry

St
ud
y
de
si
gn

N
o.

A
ge

R
hi
no
lo
gi
c

di
se
as
e

A
nt
hr
op
om

et
ri
c

m
ea
su
re
m
en
t

fo
r
ob
es
ity

as
se
ss
m
en
t

R
es
ul
ts

C
on
cl
us
io
ns

Pr
os
pe
ct
iv
e
ca
se

se
ri
es

w
ith

hi
st
or
ic
al
co
nt
ro
ls

se
x-
m
at
ch
ed

co
nt
ro
lg

ro
up
:

12
8)

si
gn
if
ic
an
td

eg
re
e
of

sl
ee
p
di
st
ur
ba
nc
e

w
he
n
co
m
pa
re
d
w
ith

no
n-
ob
es
e
co
nt
ro
ls

ri
sk

fo
r
sl
ee
p
ap
ne
a
an
d

sh
ou
ld

be
ro
ut
in
el
y
ev
al
ua
te
d
in
th
e

sl
ee
p
la
bo
ra
to
ry

fo
r
th
is

co
nd
iti
on
,w

hi
le
fo
r

se
ve
re
ly

or
m
or
bi
dl
y
ob
es
e
w
om

en
,

th
e
ph
ys
ic
ia
n
sh
ou
ld

in
cl
ud
e
a

th
or
ou
gh

sl
ee
p
hi
st
or
y
in

cl
in
ic
al
as
se
ss
m
en
t

Sh
in
oh
ar
a
E
,

et
al
.[
43
]

Ja
pa
n

Pr
os
pe
ct
iv
e
st
ud
y

37
A
du
lts

O
SA

V
A
T

R
at
io
of
V
A
T
w
as

si
gn
if
ic
an
tly

gr
ea
te
ri
n
O
SA

pa
tie
nt
s

co
m
pa
re
d
to

th
at
in

no
n-
O
SA

pa
tie
nt
s.
It
w
as

al
so

cl
os
el
y

co
rr
el
at
ed

w
ith

an
in
cr
ea
se

in
ap
ne
a
in
de
x

V
is
ce
ra
lf
at
ac
cu
m
ul
at
io
n
is
an

im
po
rt
an
tr
is
k
in
di
ca
to
r
fo
r

O
SA

in
ob
es
e
su
bj
ec
ts

Y
ou
ng

T,
et
al
.

[4
4]

U
SA

Pr
os
pe
ct
iv
e

co
ho
rt
st
ud
y

56
16

40
–9
8
ye
ar
s

SD
B

B
M
I

M
al
e
se
x,
ag
e,
B
M
I,
ne
ck

gi
rt
h,
sn
or
in
g,
an
d
re
pe
at
ed

br
ea
th
in
g
pa
us
e
fr
eq
ue
nc
y
w
er
e
in
de
pe
nd
en
t,

si
gn
if
ic
an
tc
or
re
la
te
s

of
an

A
H
Io

f1
5
or

gr
ea
te
r.
T
he

O
R
(9
5%

C
I)
fo
ra
n

A
H
I
of

15
or

gr
ea
te
r
ve
rs
us

an
A
H
I
le
ss

th
an

15
w
er
e
1.
6
an
d
1.
5,
re
sp
ec
tiv
el
y,
fo
r
1-
SD

in
cr
em

en
ts

in
B
M
I
an
d
ne
ck

gi
rt
h

B
M
Iw

as
as
so
ci
at
ed

w
ith

SD
B
,

an
d
hi
gh

pr
ev
al
en
ce

of
ob
es
ity

an
d
m
or
bi
d
ob
es
ity

w
as

hi
gh

in
pa
tie
nt
s
w
ith

sl
ee
p

ap
ne
a

A
R
al
le
rg
ic

rh
in
iti
s,
B
M
I
bo
dy

m
as
s
in
de
x,

TN
SS

to
ta
l
na
sa
l
sy
m
pt
om

sc
or
e,

O
P
N
os
te
op
on
tin

,
E
C
P
eo
si
no
ph
il
ca
tio

ni
c
pr
ot
ei
n,

W
C
w
ai
st
ci
rc
um

fe
re
nc
e,

W
H
R
w
ai
st
-t
o-
he
ig
ht

ra
tio

,
P
B
F
bo
dy

fa
t

pe
rc
en
ta
ge
,O

R
od
ds

ra
tio

,C
Ic
on
fi
de
nc
e
in
te
rv
al
,C

R
S
ch
ro
ni
c
rh
in
os
in
us
iti
s,
aO

R
ad
ju
st
ed

od
ds

ra
tio

n,
PA

R
pe
re
nn
ia
la
lle
rg
ic
rh
in
iti
s,
SA

R
se
as
on
al
al
le
rg
ic
rh
in
iti
s,
SN

O
T2

2
Si
no
-N

as
al
O
ut
co
m
e
Te
st
22
,

A
C
al
le
rg
ic
co
nj
un
ct
iv
iti
s,
O
SA

ob
st
ru
ct
iv
e
sl
ee
p
ap
ne
a,
B
M
IS

D
S
bo
dy

m
as
s
in
de
x
st
an
da
rd

de
vi
at
io
n
sc
or
e,
A
H
Ia
pn
ea
-h
yp
op
ne
a
in
de
x,
SD

B
sl
ee
p-
di
so
rd
er
ed

br
ea
th
in
g,
O
D
Io

xy
ge
n
de
sa
tu
ra
tio

n
in
de
x,

Sa
O
2
ox
yg
en

sa
tu
ra
tio

n,
H
A
R
hy
po
pn
ea
/a
pn
ea

ra
tio

,M
A
D
m
an
di
bl
e
ad
va
nc
em

en
td

ev
ic
e,
C
PA

P
co
nt
in
uo
us

ai
rw

ay
po
si
tiv

e
pr
es
su
re
,N

R
E
M

no
n-
ra
pi
d
ey
e
m
ov
em

en
ts
le
ep
,R

E
M

ra
pi
d
ey
e
m
ov
em

en
t

sl
ee
p,
SW

S
sl
ow

w
av
e
sl
ee
p,
P
SG

po
ly
so
m
no
gr
ap
hy
,R

D
Ir
es
pi
ra
to
ry

di
st
re
ss

in
de
x,
VA

T
vi
sc
er
al
ad
ip
os
e
tis
su
e

Curr Allergy Asthma Rep (2019) 19: 34 Page 15 of 21 34



Ta
bl
e
4

St
ud
ie
s
as
se
ss
in
g
th
e
as
so
ci
at
io
n
be
tw
ee
n
la
ry
ng
ol
og
ic
/h
ea
d
an
d
ne
ck

di
se
as
es

an
d
ob
es
ity

A
ut
ho
rs

an
d

re
fe
re
nc
e

C
ou
nt
ry

St
ud
y
de
si
gn

N
o.

A
ge

L
ar
yn
go
lo
gi
c/

he
ad

an
d
ne
ck

di
se
as
e

A
nt
hr
op
om

et
ri
c

m
ea
su
re
m
en
t

fo
r
ob
es
ity

as
se
ss
m
en
t

R
es
ul
ts

C
on
cl
us
io
ns

R
od
ri
gu
es

M
M
,

et
al
.

[6
1]

B
ra
zi
l

O
bs
er
va
tio

na
l

re
tr
os
pe
ct
iv
e

cr
os
s-
-

se
ct
io
na
l

st
ud
y

10
5
(o
be
se
:

39
,

no
n-
-

ob
es
e:

66
)

18
–8
0
ye
ar
s

L
PR

in
O
SA

pa
tie
nt
s

B
M
I

In
th
e
ob
es
e
gr
ou
p,
th
e
m
ea
n

R
SI

w
as

6.
7
in

pa
tie
nt
s
w
ith

m
ild

O
SA

an
d
11
.5
3
in

pa
tie
nt
s
w
ith

m
od
er
at
e-
to
-s
ev
er
e

O
SA

(P
<
0.
05
)

L
PR

,O
SA

,a
nd

ob
es
ity

ar
e

po
si
tiv

el
y
co
rr
el
at
ed

H
al
um

SL
,

et
al
.

[9
6]

U
SA

R
et
ro
sp
ec
tiv

e
st
ud
y

28
5

A
du
lts

L
PR

B
M
I

A
bn
or
m
al
ph
ar
yn
ge
al
re
fl
ux

di
d
no
tc
or
re
la
te
w
ith

in
cr
ea
si
ng

B
M
I;
ho
w
ev
er
,a
bn
or
m
al

es
op
ha
ge
al
re
fl
ux

ev
en
ts

co
rr
el
at
ed

w
ith

in
cr
ea
si
ng

B
M
I
(P

=
0.
00
2)
.

T
he

m
ea
n
nu
m
be
ro
fp
ha
ry
ng
ea
lr
ef
lu
x
ev
en
ts

w
as

no
te
le
va
te
d
in

ob
es
e
pa
tie
nt
s,
w
he
re
as

th
e
m
ea
n
nu
m
be
r
of

es
op
ha
ge
al

re
fl
ux

ev
en
ts
w
as

si
gn
if
ic
an
tly

el
ev
at
ed

in
ob
es
e
pa
tie
nt
s

(P
=
0.
02
)
w
he
n
co
m
pa
re
d
w
ith

no
n-
ob
es
e

pa
tie
nt
s

Ph
ar
yn
ge
al
re
fl
ux

is
no
t

as
so
ci
at
ed

w
ith

in
cr
ea
si
ng

B
M
I
or

ob
es
ity

in
L
PR

pa
tie
nt
s

E
te
m
ad
i

A
,e
t
al
.

[9
7]

U
SA

Pr
os
pe
ct
iv
e

co
ho
rt
st
ud
y

21
8,
85
4

50
–7
1
ye
ar
s

H
N
C

B
M
I,
W
H
R

T
he
re

w
as

an
in
ve
rs
e
as
so
ci
at
io
n

be
tw
ee
n
H
N
C
an
d
B
M
I,
w
hi
ch

w
as

al
m
os
te
xc
lu
si
ve
ly

am
on
g

cu
rr
en
ts
m
ok
er
s
(H

R
=
0.
76

pe
r

5-
un
it
in
cr
ea
se
;9

5%
C
I
0.
63

to
0.
93
).
In

ad
di
tio

n,
di
re
ct

as
so
ci
at
io
n
w
ith

W
H
R

(H
R
=
1.
16

pe
r
0.
1-
un
it
in
cr
ea
se
;

95
%

C
I
1.
03

to
1.
31
),
pa
rt
ic
ul
ar
ly

fo
r
ca
nc
er
s
of

th
e
or
al
ca
vi
ty

(H
R
=
1.
40
;9

5%
C
I
1.
17

to
1.
67
)

T
he

ri
sk

of
H
N
C
w
as

in
ve
rs
el
y

as
so
ci
at
ed

w
ith

le
an
ne
ss

in
cu
rr
en
ts
m
ok
er
s,
an
d
di
re
ct
ly

w
ith

ab
do
m
in
al
ob
es
ity

M
aa
sl
an
d

D
H
,

et
al
.

[9
8]

N
et
he
rl
an
ds

C
as
e-
co
ho
rt

st
ud
y

12
0,
85
2

55
–6
9
ye
ar
s

H
N
C

B
M
I

B
M
I
at
ba
se
lin

e
w
as

in
ve
rs
el
y

as
so
ci
at
ed

w
ith

ri
sk

of
H
N
C

ov
er
al
l,
w
ith

a
m
ul
tiv

ar
ia
te
ra
te

ra
tio

of
3.
31

(9
5%

C
I
1.
40

to
7.
82
).
T
he

as
so
ci
at
io
n

be
tw
ee
n
B
M
I
at
ag
e
20

an
d

H
N
C
ri
sk

ap
pe
ar
ed

to
be

po
si
tiv

e

B
M
I
at
ba
se
lin

e
w
as

in
ve
rs
el
y

as
so
ci
at
ed

w
ith

H
N
C
ri
sk
.F

or
B
M
I
at
ag
e
20
,a

po
si
tiv

e
ra
th
er

th
an

in
ve
rs
e
as
so
ci
at
io
n

w
as

sh
ow

n

G
au
de
t

M
M
,

et
al
.

[9
9]

IN
H
A
N
C
E

L
ar
ge

po
ol
ed

an
al
ys
is
of

17
ca
se
-c
on
tr
ol

st
ud
ie
s

12
,7
16

ca
se
s

an
d

17
,4
38

co
nt
ro
ls

12
–9
4
ye
ar
s

H
N
C

B
M
I

A
dj
us
te
d
O
R
s
(9
5%

C
Is
)
w
er
e

el
ev
at
ed

fo
r
pe
op
le
w
ith

B
M
I

at
re
fe
re
nc
e
≤
18
.5

kg
/m

2

(2
.1
3,
1.
75

to
2.
58
)
an
d
re
du
ce
d

fo
r
B
M
I>

25
.0
–3
0.
0
kg
/m

2

(0
.5
2,
0.
44

to
0.
60
)
an
d

B
M
I≥

30
kg
/m

2
(0
.4
3,
0.
33

to
0.
57
),
co
m
pa
re
d
to

th
os
e

w
ith

no
rm

al
w
ei
gh
t

L
ea
nn
es
s
w
as

as
so
ci
at
ed

w
ith

in
cr
ea
se
d
H
N
C
ri
sk

re
ga
rd
le
ss

of
sm

ok
in
g
an
d
dr
in
ki
ng

st
at
us
,a
lth

ou
gh

re
ve
rs
e

ca
us
al
ity

ca
nn
ot

be
ex
cl
ud
ed
.T

he
re
du
ce
d
ri
sk

am
on
g

ov
er
w
ei
gh
to

r
ob
es
e
pe
op
le

m
ay

in
di
ca
te
bo
dy

si
ze

is
a
m
od
if
ie
r
of

th
e
ri
sk

as
so
ci
at
ed

w
ith

sm
ok
in
g
an
d

dr
in
ki
ng

34 Page 16 of 21 Curr Allergy Asthma Rep (2019) 19: 34



in weight in the year prior to OSA diagnosis [89, 90]. It is
estimated that 58% of moderate-to-severe OSA is due to obe-
sity [38, 39]. In severe obesity (BMI ≥ 40 kg/m2), the preva-
lence of sleep apnea is estimated to vary between 40 and 90%
[39]. In addition, the severity of sleep apnea was greater than
that found in leaner clinical populations [34, 38]. These results
are similar for both adults and children [30–33]. In conclusion,
the effects of obesity on sleep apnea susceptibility are related
to the distribution of adiposity between central and peripheral
compartments. Central obesity accounts for the strong male
predominance of this disorder, whereas peripheral adiposity
may protect women from developing sleep apnea [32, 37, 38,
43]. Obesity and particularly central adiposity can increase
sleep apnea susceptibility by increasing upper airwaymechan-
ical loads and/or decreasing compensatory neuromuscular re-
sponses [91–93]. These effects may be mediated by circulat-
ing adipokines, which influence body fat distribution and
CNS activity [92]. Based on the results of various studies
related to weight loss, it is suggested that as patients with sleep
apnea lose weight, improvements in upper airway function
and disease severity are likely related to the amount and pat-
terns of weight loss [38–44].

Association Between Obesity
and Laryngologic Disease or Head and Neck
Tumors

Laryngopharyngeal Reflux Disease

LPR is defined as the retrograde flow of stomach contents to
the larynx and pharynx whereupon this material comes into
contact with the upper aerodigestive tract. Stomach content
reflux outside of the esophagus and into respiratory organs
most commonly manifests as laryngeal symptoms such as
coughing, hoarseness, dysphagia, globus, and sore throat,
but there can be signs of nose, sinus, and lung infections
[94]. Unlike the esophageal mucosa, the laryngeal and pha-
ryngealmucosahavenosuchprotectivemechanism,andacid
nutrient activity causes mucosal lesions. Therefore, laryn-
geal symptoms are themost complex, andmost LPR patients
are treated by an otolaryngologist. Epidemiological studies
have indicated that the prevalence of this syndrome is ex-
tremely high; it has characteristics of an outbreak and is one
of the most common causes of patient visits to doctors [94,
95]. LPR requires amultifaceted treatment approach as it can
be accompanied by complications such as reflux laryngitis,
stenotic stenosis, laryngeal cancer, granuloma, contact ulcer,
and vocal cord paralysis. Among them, obesity is known to
increase intra-abdominal pressure and directly increase
stomachacid reflux [94, 95].However, there arenodefinitive
reports on the relationship between obesity and LPR alone.
According to an observational retrospective cross-sectionalT
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study in 105 adults, OSA, LPR, and obesity reciprocally af-
fected each other’s symptoms. In particular, the severity of
LPR increased with the severity of OSA in the obese group
(Table4) [62••].One limitationof this studywas that it didnot
assess the relationship between LPR and obesity alone. As
previouslymentioned, the relevanceofOSAtoobesity iswell
established, and it is likely thatOSA served as a confounding
factor in the analysis of the relationship between LPR and
obesity. Incontrast, a retrospective studyof285adults report-
ed that pharyngeal reflux in LPR patients was not associated
with increasedBMI or obesity. That is, abnormal pharyngeal
reflux did not correlatewith increasedBMI; however, abnor-
mal esophageal reflux events correlated with increased BMI
(P = 0.002). The mean number of pharyngeal reflux events
was not elevated in obese patients,whereas themean number
of esophageal reflux events was significantly elevated in
obese patients (P = 0.02) [96]. These results provide evi-
dence that obesity may have different mechanisms in LPR
and GERD. Nonetheless, weight loss and low-fat/carbohy-
drate diets are recommended in LPR treatment guidelines
[94, 95].

Head and Neck Cancers

Cancers of the oral cavity, pharynx, and larynx (known col-
lectively as head and neck cancers, or HNC) are the sixth most
common form of cancer worldwide [97, 98]. Table 4 summa-
rizes a representative cohort study of HNC and obesity.
According to another prospective cohort study, 218,854 par-
ticipants aged 50 to 71 were cancer-free at baseline (1995 and
1996) and had valid anthropometric data. In this study, 779
incident HNCs occurred. There was an inverse association
betweenHNC and BMI, which was almost exclusively among
current smokers, and diminished as initial years of follow-up
were excluded. The authors reported a direct association with
waist-to-hip ratio (WHR). Further, height was directly associ-
ated with total HNC (P = 0.020). It was concluded that the risk
of HNCwas inversely associated with leanness among current
smokers and directly associated with abdominal obesity and
height [97]. A large cohort study in Netherlands investigated
the association between BMI, BMI at age 20 years, and
changes in BMI during adulthood with risk of HNC. A total
of 120,852 participants completed a questionnaire on diet and
other cancer risk factors, including anthropometric measure-
ments, at baseline in 1986. After 20.3 years of follow-up, 411
HNC cases and 3980 subcohort members were available for
case-cohort analysis using Cox proportional hazards models.
BMI at baseline was inversely associated with overall risk of
HNC, with a multivariate rate ratio of 3.31 for subjects with a
BMI < 18.5 kg/m2 when compared to participants with a BMI
of 18.5 to 25 kg/m2. The association between BMI at age 20
and HNC risk was positive. The authors concluded that BMI
at baseline was inversely associated with HNC risk. However,

a positive association between BMI at age 20 and HNC risk
was observed. Based on these results, low BMI seems to be
associated with risk of HNC [98]. In addition, a large pooled
analysis of 17 case-control studies with 12,716 cases and
17,438 controls showed that leanness (BMI < 18.5 kg/m2)
was associated with increased HNC risk, regardless of
smoking and drinking status [99]. The inverse association
between BMI and HNC may be due to the excessively low
absolute muscle mass in lean patients that is unable to with-
stand the abnormal physiology of cancer cells in the body
[97–99]. In a more recent multicenter prospective cohort
study, among 363,094 participants with measured anthropom-
etry, 837 incident cases of HNC were observed. Among men
but not women, a BMI < 22.5 kg/m2 was associated with
higher HNC risk. WC and WHR were associated with greater
risk of HNC among women. After stratification by smoking
status, an association for WHR was observed only among
smokers (P = 0.004). Among men, WC and WHR were asso-
ciated with HNC only upon additional adjustment for BMI.
The authors concluded that central adiposity but not BMI,
particularly among women, may have a stronger association
with HNC risk than previously estimated [100•]. Therefore, it
may be important to establish standard anthropometry for de-
fining obesity in HNC patients as appropriate.

Conclusion

We have summarized the current knowledge on the association
between obesity and otorhinolaryngologic diseases. Various
otorhinolaryngological disorders, especially OM, HL, CRS,
and OSA, showed a clear association with obesity. Although
there were differences according to disease type, obesity has
been reported to be a risk factor for these diseases. The severity
of obesity was found to increase with severity of each disease.
However, the incidence of HNC was inversely associated with
obesity, especially central adiposity. The relevance of obesity in
LPR and AR has not yet been clarified, and controversy re-
mains. Therefore, if a patient with a target disease (such as OM,
HL, CRS, or OSA) is obese, it may be necessary to diagnose
and treat the target diseases more aggressively.
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