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obstructive sleep apnea

ABSTRACT

This study aims to investigate anthropometric measures and their effectiveness as screening method
for diagnosing obstructive sleep apnea (OSA) in each gender. We also evaluated which measures
were associated with OSA in the adult population of a large metropolitan city, Sao Paulo, Brazil.
552 women and 450 men were submitted to polysomnography (PSG), and the anthropometric
measurements as body mass index (BMI), waist-to-height ratio, neck and waist circumference were
collected. The measurements were then compared with the OSA classification established by the
PSG. In women, waist circumference and waist-to-height ratio were found to be the best predictor,
while in men, the factors with great potential for identification varied according to severity of the
disease, highlighting waist-to-height ratio, neck circumference and BMI had strongest association.
The accuracy of the classification in relation to mild-to-severe OSA based on cut-off values of
92.5cm for waist circumference was greater than 72.9% in men, and 78.9% in women based on
cut off values of 95cm. Regarding severe OSA, cut-off values of 116.1cm were greater than
91.3% accurate in the male population, and 95.1% in the female population with a cut-off value of
126.5cm. The study found waist circumference and waist-to-height ratio to be the best measure to
assess sleep-disordered breathing in women. Waist-to-height ratio and neck circumferences were
the best measures in men with mild OSA, but BMI was more closely associated with severe OSA.
The present study identified the anthropometric variables with the highest risk for OSA and their
respective cutoff value, according to gender.
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INTRODUCTION

Obstructive sleep apnea (OSA) is globally the most com-
monly diagnosed sleep disorder!. The disease causes changes
in respiratory patterns leading to intermittent hypoxia, hyper-
capnia and increased frequency of awakenings®. OSA is mainly
characterized by a set of symptoms resulting from apnea events
that have negative outcomes on health, such as excessive day-
time sleepiness’, catdiovascular impairment* and increased mot-
bidity and morttality’. Epidemiological studies indicate that the
prevalence of OSA can reach up to 32.9%'. OSA has major
economic costs for health systems®. Direct and indirect costs of
moderate-severe OSA in the USA are estimated to be between
US$65 billion and US$165 billion/year”.

Given large extent of the problem, it is important to
develop simple, reliable, cost-effective methods to predict or
diagnose OSA. One option is to use anthropometric variables
relating to being overweight. The amount of an individual’s
adipose tissue has been correlated with irregular respiratory pat-
terns which result in obstructive respiratory events®. Obesity is
a worldwide public health problem, resulting from an excessive
intake of caloties and sedentary behaviots’. Sedentary behav-
iors can result in an energy imbalance and lead to weight gain
as well'’. In 2014, global estimates indicate that more than 1.9
billion adults were overweight. Of these, over 600 million were
obese’. Obesity incteases probability of an individual develop-
ing a range of conditions including cardiovascular diseases, dia-
betes, musculoskeletal disorders and even some types of cancer
(e.g., endometrial, pancteas, and colon)''.

Anthropometric measures are essential tools used for
health evaluation, especially in relation to obesity. Body mass in-
dex (BMI), waist-to-height ratio, neck and waist circumferences
are the most widely used measures. The use of anthropometric
measures is simple, cheap, accessible and with high clinical cor-
relation. The effectiveness of these measures in general assess-
ing health has been previously demonstrated', and they have a
strong correlation with sleep apnea.

Neck circumference is a variable often considered
in sleep medicine due to its capability to predict sleep apnea
events'’. It has been shown that fat accumulation in cervical
region considerably reduces the diameter of the upper airway.
In general, increased anthropometric measurements are directly
related to the accumulation of visceral fat, which brings with it
a higher risk for insulin resistance, type-2 diabetes, metabolic
syndrome and cardiovascular disorders'>'S. BMI is the anthro-
pometric measure most widely used, and is considered the main
classifier for overweight/obesity”. According to the Wortld
Health Organization definition, an individual with an index
equal or higher than to 25 is considered to be overweight and
with an index equal or higher than 30 to be obese’.

Because of importance of these measurements as outlined
above, and their frequent use for clinical evaluation of obesity, the
objective of this study is to investigate anthropomettic measures
and their effectiveness as screening method for diagnosing OSA
in each gender.
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METHODS

We used data from the Sao Paulo Epidemiologic Sleep
study (EPISONO), which was designed to evaluate parameters
related to overall sleep disordets in Sao Paulo, Brazil'. Sio Paulo
is the biggest city of Brazil and their residents are highly repre-
sentative of the Brazilian population. In this study, volunteers
were randomly selected to represent the population of Sao
Paulo according to gender, age (20-80 years) and socioeconomic
status. In the first stage, to assure the representativeness of dif-
ferent levels of wealth, 96 districts (from the 1500 districts in
which the city was divided for census purposes) were propor-
tionally selected from the 4 homogenous socioeconomic macro-
regions of Sao Paulo. Addresses with difficult accessibility were
excluded. Households were selected if they were permanently
occupied private homes, so clinics, schools, and other commer-
cial and non-commercial establishments were excluded. In the
second stage, the selection of a given household was made by
randomly picking the first home and subsequently skipping a
specified number, calculated by dividing the total number of
homes by a fixed number, to select 11 households in each sec-
tor. Each apartment in a building was considered a home, and
counting was carried out from the upper floor to the lower floor.
Finally, in the third stage of sampling, all eligible residents of
each chosen home were ranged from the youngest to the oldest,
and the participant was selected by means of 96 pre-established
random tables, which designated the rank number to be chosen
for each of the 11 households, from the 96 selected districts.

Pregnant and lactating women, people with physical or men-
tal impairments that prevent self-care, individuals below 20 or over
80 years old and people who work every night were not included in
the selection from the household. Substitutes were chosen from the
next home, following the same random selection criteria described
above. In addition, individuals were not included in the following
instances: 3 unsuccessful attempts to contact the target individual,
total refusal to participate, obstruction by a family member, or in-
ability to participate for a specified reason. These individuals were
teplaced using the same method desctibed above'®.

Participants

A total of 1,042 volunteers underwent a complete full-
night polysomnography (PSG). Individuals who had missing
values in the variables analyzed (N=38) and pregnant women
(N=2) were excluded from the study. At the time of selection,
all the volunteers read and signed an informed consent form,
which authorized us to collect and use the data for future re-
search. The methodology of recruiting volunteers in this study
was similar to the conceptual framework used in the North
American National Health Surveys”. The study was approved
by the Ethics Committee of the Universidade Federal de Sao
Paulo (CEP #593/2006 and #258917/2014) and registered
with ClinicalTrials.gov (NCT00596713). Informed consent was
obtained from all individual participants included in the study.
Figure 1 shows the flow diagram of study identification, selec-
tion and exclusion due to missing data.
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Total epidemiological sample
(N=1,042)

[ Missing data were excluded (N=38) ]

[ Pregnancy women were excluded (N=2) }

[ Volunteers included in this study ]

(N=1,002)
Women
(N=552)

Figure 1. Flow sheet regarding the criteria for selecting patients for the study.

Men
(N=450)

Polysomnography

A full-night PSG was performed using a digital system
(EMBLA® S7000, Embla Systems, Inc., Broomfield, CO, USA)
at the sleep laboratory during the subject’s habitual sleep time
which had previously been established with the subject'. The
following physiological variables were monitored simultaneous-
ly: electroencephalogram; electrooculogram; electrocardiogram;
airflow; surface electromyogram (submental, temporal, masseter
and tibialis anterior muscles); respiratory effort of the thorax
and abdomen using inductance plethysmography; snoring; body
position; saturation of peripheral oxygen (SpO,) and pulse rate.

The criteria for OSA was diagnosed in conformity with
the International Classification of Sleep Disorders®. OSA clas-
sification was defined according to the Apnea—Hypopnea Index
(AHI)% Subjects wete diagnosed with OSA if they presented
an AHI=5 and at least one of the following complaints: loud
snoring, daytime sleepiness, fatigue and breathing interruptions
during sleep. Subjects with an AHI=15 were diagnosed with
OSA, regardless of whether they had any additional complaints.
Subjects were distributed into 4 groups based on OSA severity:
control group (<5 events/h), mild OSA (5-15 events/h), mod-
erate OSA (15-30 events/h) and severe OSA (>30 events/h).
Four trained technicians visually scored all PSG for investigating
sleep disorders®. Hypopneas wete defined using the alternative
rule?. Regarding PSG, the random re-scoting of 4% of all re-
cordings showed an agreement rate of 93.3%5.1%, and a Kappa
0.91£0.03, which guaranteed the scoring reliability of the poly-
somnographies.

Anthropometric measurements

General physical measurements were taken by trained
technicians immediately before the subjects were prepared for
the PSG hook-up, following recommended procedures and us-
ing precise instruments. Waist-to-height ratio (waist/height),
BMI (weight/height?), and waist and neck circumferences (cm)
were included in this study.
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Statistical analysis

All the data which did not meet the assumptions of nor-
mality and homogeneity were g-score transformed for suitable
parametric evaluation. The statistical analysis for description of
the sample group was carried out using a General Linear Model
through one-way ANOVA. »* test was petformed to examine
the association between categorical variables. To evaluate the re-
lationship between AHI and the anthropometric variables used
in this study, a Pearson’s correlation test was performed. To de-
termine the possible associated factors with OSA, the variables
were included in a binary logistic regression. The identification
of crude odds ratio (cOR) was performed based on the Enter
method, which evaluates the odds ratio of each single factor.
The adjusted odds ratio (aOR) was based on the Backward Wald
method. In this logistic regression the factors were withdrawn,
one by one, based on the P value non-significant, until remained
only the significant variables.

Logistic regression models were performed to identify
anthropometric factors associated with OSA in 3 logistic mod-
els, separately, for each gender. The first logistic model was per-
formed to identify the main associated factors related to OSA,
regardless of its severity. The second logistic model was per-
formed to evaluate the associated factors for moderate to severe
OSA. The third logistic model aimed to analyze the predictive
factors for severe OSA.

Based on a judgment of accuracy provided by the an-
thropometric variables, the optimal cut-off point for each pa-
rameter as classifiers of OSA or non-OSA was determined. The
accuracy of cut-off points was determined by the sum of all
true-positive and true-negative results divided by the number
of participants. Data are reported as meantstandard error of
the mean or frequency (percentage). The significance level was
set at p<0.05.

RESULTS

From the 1,042 volunteers entrolled in the study,
the following parameters were missing for 40 individuals:
waist circumference (N=34); neck circumference (N=3),
BMI (N=1) and pregnancy (N=2). Of the remaining 1,002
participants, 450 were men (44.9%) and 552 were women.
Descriptive parameters in Table 1 show that the following
anthropometric parameters were affected by gender: age
(F| 1000=9.97; p<0.01); waist circumference (F, ,=72.03;
£<0.001) and neck circumference (F, , =582.32; p<0.001).
The PSG parameters resulting from OSA such as AHI
(F\ 1000 =29.85; p<0.001), basal SpO, (F, ,,=40.78; p<0.001),
medium SpO, (F,,,,=25.94; p<0.001) and minimum SpO,
(F\ 1000 =15.98; p<<0.001) were significantly different between
genders. In a comparison between genders, the frequency of
patients with OSA was significantly higher in the male sam-
ple, especially among moderate and severe cases (y*=36.44;

df=3; p<0.001).
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Table 1. Descriptive parameters of the epidemiological sample according to gender.

Variable Men (n = 450) Women (n = 552) p value
Age (y) 40.910.7 43.740.6 ** 0.002
Body mass index (kg/m?) 26.6%0.2 27.0%0.2 0.225
Wiaist circumference (cm) 90.110.7 #+* 82.810.6 <0.001
Neck circumference (cm) 39.210.1 *** 33.710.2 <0.001
Waist-to-height ratio 0.52520.004 0.525£0.004 0.937
High risk (>0.5) 285/63.3% 334/60.5% 0.360
Apnea-hypopnea index (events/h) 10.6£0.7 *+* 6.120.5 <0.001
Basal oxygen saturation (%) 95.6£0.1 *¥* 96.2+0.1 <0.001
Medium oxygen saturation (%o) 94.8£0.1 *#* 95.4%0.1 <0.001
Minimum oxygen saturation (%o) 87.610.3 *¥* 89.0£0.2 <0.001
Obstructive sleep apnea (n/%) <0.001
Normal 260/57.8% 412/74.6% ***
Mild 82/18.2% 77/13.9%
Moderate 64/14.2% *x 36/6.5%
Severe 44/9.8%0 ok 27/4.9%
The study identified that genders were related to an- A 0
- oN B OS!
thropometric differences, as well as prevalence of sleep apnea =
in several age groups. Figure 2 shows the distribution of OSA N 1209
among decades of life from 20 to 80 years. The male sample c o
.o = 904
presented significant results (*=65.09; df=5; p<0.001), espe- £
cially a higher frequency of men aged 20-29 years without OSA 2 éid %
e
(»p<0.001) (Figure 2A). On the other hand, diagnosis of OSA 3 *
increased significantly only during the following decades of life: g 5 .
40-49 years (p<0.01), 50-59 years (p<0.01), 60-69 years (»p<0.05) g . H I *
and 70-80 years (p<0.01). In Figure 2B, the results obtained E , , , 8 W
from the female sample (*=135.13; 4/=5; p<0.001) indicate 2029 3039 4049 50-59 60-69 7079
that up to the fifth decade of life there is a higher frequency Decades of kife
of women without sleep-disordered breathing: 20-29 years B
ONormal BOSA
(»p<0.001), 30-39 years (p<<0.01) and 40-49 years (p<0.05). After =
. . .. ~ 150 4
the sixth decade of life there was a sudden rise in frequency of g
women diagnosed with OSA: 50-59 years (p<0.001), 60-69 years S 120 { = - *
(»<0.001) and 70-80 years (»p<<0.001). £
. , . . £ 90
Analysis of Pearson’s correlation coefficients between .§
the evaluated anthropometric parameters and AHI were con- 2 60 1
. .. . . = *kk
sidered significant (»<0.001). With regard to men, variables g Kkk
H . . Z 30 4 *xk
were decreasingly ordered by the “r” values: body mass index 2 ! I !
o o by o : . s B0
(r=0.467), waist-to-height ratio (r=0.464), waist circumference & o . . T . —L1
E 20-29 30-39 40-49 50-59 60-69 70-80

(r=0.447) and neck circumference (1=0.401). In women, the
sequence of the variables was different: waist circumference
(r=0.411), waist-to-height ratio (r=0.411), body mass index
(t=0.353) and neck circumference (+t=0.300).

The cut-off values for each parameter and the tespective
accuracy obtained between genders in all anthropometric variables
analyzed were presented in the Table 2. In the male population, a
waist circumference of 92.5cm corresponds to 72.9% accuracy in
rating mild-moderate-severe OSA. In women, a waist citcumference
of 95.0 corresponds to 78.9% accuracy in rating OSA, regardless
of severity. In men, when considering only moderate-severe OSA,
a 0.61 waist-to-height ratio represented a higher accuracy (78.4%).
Meanwhile, in women, a 0.70 waist-to-height ratio resulted in 88.2%

Decades of life

Figure 2. A. Frequency distribution of patients with OSA by decades of life in men.
Legend: Significant difference *(p<0.05), **( p<0.01) and ***(»p<0.001) B. Frequency
distribution of patients with OSA by decades of life in women. Legend: Significant
difference *(p<0.05), **( p<0.01) and ***(»<0.001).

accuracy in the diagnosis of moderate-severe OSA. Lastly, an analy-
sis of individuals with severe OSA indicated that a waist circumfer-
ence of 116.1cm resulted in a 91.3% accuracy of diagnosis in the
male population, while a waist circumference of 126.5cm resulted in
95.1% accuracy in the identification of the respiratory sleep disorder
in women.

Sleep Sci. 2019;12(1):2-9
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Table 2. Anthropometric indices and their cutoff values according to obstructive sleep apnea severity in each gender.

Body Mass Index Waist Circumference Neck Circumference Waist-to-height ratio
Cut-off (kg/m?  Accuracy (%) Cut-off (cm) Accuracy (%o) Cut-off (cm)  Accuracy (%) Cut-off ~ Accuracy (%)

Mild to moderate to severe OSA (model 1)
Men (n=190/450) 27.2 71.6%0.02 92.5% 72.910.02 40.2 72.0%0.02 0.56 71.8+0.02
Women

+ 5 + + +
(n=140/552) 33.0 76.7£0.02 95.0 78.9£0.02 36.2 76.0£0.02 0.58 77.9£0.02
Moderate to severe OSA (model 2)
Men (n=108/450) 32.0 77.8£0.02 96.0 74.9£0.02 423 78.0£0.02 0.61* 78.4£0.02
Women

+ + + B +
(0=63/552) 36.1 86.3£0.01 101.0 87.4£0.01 37.9 86.3£0.01 0.70 88.240.01
Severe OSA (model 3)
Men (n=44/450) 34.1 91.1£0.01 116.1* 91.3£0.01 46.4 90.2£0.01 0.67 91.1£0.01
Women

a4 * 95.1+ + 94.0+
(0=27/552) 422 94.8£0.01 126.5 95.1£0.01 40.5 94.610.01 0.72 94.0£0.01

Legend: OSA (obstructive sleep apnea). *Higher accuracy value between the anthropometric variables evaluated in this study.

Logistic regression analysis between anthropometric
measures and OSA severity was performed for both genders.
Table 3 shows factors associated with OSA severity in the male
sample. The factors significantly associated with the diagnosis
of OSA, regardless of severity, were: neck circumference and
waist-to-height ratio. Interpreting this finding, an increase in
neck circumferences and waist-to-height ratio of 1-unit causes
an increase of 15% and 13% in risk for OSA, respectively. In
analysis of subjects with moderate-severe OSA, waist-to-height
ratio was considered the only significantly associated factor. In
the logistic regression, a 1-unit increase in the waist-to-height
ratio led to an increase of 14% in the risk for OSA. In the last
analysis in Table 3, considering only severe classification of
OSA, BMI remained the only factor associated with sleep dis-
order.

Table 4 shows the factors associated with OSA severity
in women. Regarding the presence of OSA, regardless of its se-
verity, an increase of 1-unit in waist-to-height ratio increased by
14% in the risk for presenting the sleep disorder. Women with
moderate-severe OSA had a 7% higher risk of having sleep-
disordered breathing for each increase of lcm in length of the
waist circumference. In the third stage, women with severe OSA
had 8% higher risk for each increase of 1 cm in length of the
waist circumference.

DISCUSSION

The present findings indicate that anthropometric vari-
ables are gender specific and potentially indicate the severity of
OSA. Complexity of the sleep disorders requires an objective
analysis®. PSG is considered the gold standard method for diag-
nosis of sleep disorders, especially OSA.

Regarding gender in the sample composition, 190 men
were diagnosed with mild, moderate and severe sleep apnea,
respectively 82, 64 and 44 volunteers. Thus, sleep apnea had
42.2% prevalence in the men. In the female sample, that preva-
lence of the sleep disorder was approximately 25.4%, being 77
women diagnosed with mild apnea, 36 with moderate apnea and
27 with severe apnea. Directly or indirectly, the waist measure-
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ment (either by waist circumference or waist-to-height ratio)
was associated to mild-moderate-severe and moderate-severe
models in men, and in women the measure was related to all
logistic models. These results clearly demonstrate that measure-
ment of waist was significantly relevant in models adjusted for
the risk of sleep apnea in both genders.

The results from the male sample identify an increase in
frequency of men with OSA from beginning of the fifth decade
of life (40-49 years) (Figure 2A). Gradual weight gain occurs pri-
matily through to aging, unhealthy eating habits and lifestyle*.
This study allowed us to identify possible cut-off points for an-
thropometric measures strongly associated with OSA, both men
and women. Among men, smaller increases in specific measure-
ments were associated with OSA, while in women the increase
required was proportionally greater. Among women, waist cir-
cumference was the parameter with the highest accuracy as a
classifier of OSA. The cut-off values for waist circumference, as
well as BMI, were greater in the female sample compared to the
male sample. In women, relations between visceral adipose tis-
sue and tisk factors were consistently stronger than in men'>.

In this study, a sudden rise in the frequency of OSA is
observed. The change in pattern occurs between the fifth and
sixth decades of life, which coincides with the menopausal tran-
sition. Previous studies have indicated that progesterone increas-
es the ventilatory drive and activity of the dilator muscles of the
upper airway?’. Postmenopausal women have an increased inci-
dence of sleep-disordered breathing®. Some hypotheses which
could explain the relationship between obesity and sleep apnea
include: a reduction in intrathoracic volume, resulting in a lower
current tidal volume®; a reduction of the size of the pharyngeal
lumen caused by the accumulation of adipose tissue on the side
walls of the upper airway™; decreased muscle strength resulting
in reduced airway obstruction protection due to deposits of in-

tramuscularfat’

and a reduction in the size of the upper airway,
as a secondary result of central obesity, chest wall and tracheal
traction®.

In previous studies, waist circumference measurements

were found to be a better predictor of comorbidities than
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Table 3. Binary logistic regression models for calculation of crude odds ratio and adjusted odds ratio for obstructive sleep apnea in the male sample.

cOR 95% CI for cOR p value aOR 95% CI for aOR p value
Associated factors to mild-moderate-severe OSA (model 1)
Constant - - - <0.001 - <0.001
Body mass index 1.25 1.19-1.33 <0.001 - - -
Wiaist-to-height ratio 1.18 1.13-1.22 <0.001 1.13 1.08-1.18 <0.001
Neck circumference 1.38 1.28-1.50 <0.001 1.15 1.05-1.27 0.004
Waist circumference 1.10 1.07-1.12 <0.001 - - -
Associated factors to moderate-severe OSA (model 2)
Constant - - - <0.001 - <0.001
Body mass index 1.21 1.15-1.28 <0.001 - - -
Wiaist-to-height ratio 1.14 1.10-1.18 <0.001 1.14 1.10-1.18 <0.001
Neck circumference 1.26 1.16-1.35 <0.001 - - -
Wiaist circumference 1.07 1.05-1.09 <0.001 - - -
Associated factors to severe OSA (model 3)
Constant - - - <0.001 - <0.001
Body mass index 1.23 1.15-1.31 <0.001 1.23 1.15-1.31 <0.001
Wiaist-to-height ratio 1.14 1.09-1.19 <0.001 - - -
Neck circumference 1.18 1.08-1.29 <0.001 - - -
Wiaist circumference 1.08 1.05-1.11 <0.001 - - -

Legend: aOR (adjusted odds ratio), CI (confidence interval), cOR (crude odds ratio), OSA (obstructive sleep apnea).

Table 4. Binary logistic regression models for calculation of crude odds ratio and adjusted odds ratio for obstructive sleep apnea in the female sample.

cOR 95% CI for cOR p value aOR 95% CI for aOR p value
Associated factors to mild-moderate-severe OSA (model 1)
Constant - - — <0.001 - <0.001
Body mass index 1.25 1.19-1.33 <0.001 - - -
Wiaist-to-height ratio 1.14 1.11-1.17 <0.001 1.14 1.11-1.17 <0.001
Neck circumference 1.38 1.28-1.50 <0.001 - - -
Waist citcumference 1.10 1.07-1.12 <0.001 - - -
Associated factors to moderate-severe OSA (model 2)
Constant — - - 0.001 — <0.001
Body mass index 1.13 1.09-1.18 <0.001 - - -
Wiaist-to-height ratio 1.11 1.08-1.15 <0.001 - - -
Neck circumference 1.25 1.14-1.38 <0.001 - - -
Waist citcumference 1.07 1.05-1.10 <0.001 1.07 1.05-1.10 <0.001
Associated factors to severe OSA (model 3)
Constant - - - <0.001 - <0.001
Body mass index 1.15 1.09-1.22 <0.001 - - -
Wiaist-to-height ratio 1.13 1.08-1.18 <0.001 - - -
Neck circumference 1.25 1.11-1.41 <0.001 - - -
Waist citcumference 1.08 1.05-1.11 <0.001 1.08 1.05-1.11 <0.001

Legend: aOR (adjusted odds ratio), CI (confidence interval), cOR (crude odds ratio), OSA (obstructive sleep apnea).

BMI'". The importance of waist citcumference in sleep-disot-
dered breathing has been previously demonstrated®. Waist
circumference is the anthropometric measure that was mostly
associated with obesity, as well as, the worsening of sleep-disor-
dered breathing and cardiovascular diseases'™**. Previous studies
reported that a waist circumference greater than 85 cm in men
and 90 cm in women are suggestive of obesity due their ap-
proximates to this visceral fat mass®. In this sense, high levels
of visceral fat have been associated with OSA risk®. The facts

mentioned above highlight a strong relationship between ab-
dominal fat and obesity. Some previous studies, contrary to this
one, found that OSA was more closely associated to abdominal
obesity in men than in women®*. Among the main possible
hypotheses to explain these previous findings are small sample
sizes and a lack of epidemiological representativeness.

Some specific differences between genders have been
highlighted. In women, we suggest waist-to-height ratio and
waist circumference as the best screening methods for sleep

Sleep Sci. 2019;12(1):2-9
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apnea. In men, factors with great potential for identification
varied according to severity of the disease, highlighting waist-
to-height ratio and neck circumference for mild-moderate-se-
vere OSA, waist-to-height ratio for moderate-severe OSA and
BMI for severe OSA. The main novelty of this study is iden-
tification of obesity-related cut-off values of anthropometric
measures and their respective accuracy as predictors of OSA
in both genders. Considering clinically harmful models of the
sleep disorder (moderate and severe) as well as obesity-related
anthropometric measures, the findings of this study indicate the
impact of fat distribution on OSA. In women, accumulation of
central fat increases the risk of sleep apnea and in men, the risk
is more related to overall distribution of fat in the body. Despite
small difference of accuracy between anthropometric measures,
the result refers to a representative epidemiological sample and
associates values of each parameter to different severity groups
of the sleep disorder.

It is worth mentioning that the findings come from a
sample with different ethnic background, due to formation
of the Brazilian population. Furthermore, a recent study has
shown that 76% of population presented at least 1 sleep related
problem and number of sleep complaints was higher in women
and increased with age'. The main complaints were light and
insufficient sleep, snoring and insomnia.

Some limitations of this study should be considered. The
study considered the analysis of gender, as a whole, regardless
of age range. The change of hormone levels, typical of the late
reproductive period in women, can interfere with fat distribu-
tion, body shape and increased incidence of OSA. Moreover, it
is noteworthy that the presence of severe comorbidities and/or
advanced disease stages should be minimally considered in this
study, due to voluntary recruitment of all participants and to
epidemiological approach of the study. Nevertheless, the results
emphasize the role of BMI and waist circumference in OSA
in both men and women. Further investigations could evaluate
pattern of oxygen desaturation with obesity-related cut-off val-
ues of anthropometric measures, and also applied to random-
ized controlled studies, follow-up studies, as well as in others
population worldwide.

CONCLUSIONS

This study revealed the importance of anthropometric
measurements as parameters related to sleep apnea in men and
women. The accuracy of variables and the best variables to pre-
dict OSA were different between genders. For men, waist-to-
height ratio and neck circumferences were the most accurate
variables when considering individuals with mild and moderate
OSA. In respect of severe OSA, only BMI was strongly asso-
ciated with the sleep-disordered breathing. For women, waist
circumference showed the highest success rate when screening
moderate-severe and severe OSA. The present study identified
the anthropometric variables with the highest risk for OSA and
their respective cutoff value, according to gender.
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