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Waist-hip ratio is an independent predictor
of moderate-to-severe OSA in nonobese males:
a cross-sectional study

Yan Wang'", Lusi Mao'" and Xiaolei Zhang'***"

Abstract

Background: Adiposity is a well-established risk factor for obstructive sleep apnea (OSA), but whether a combina-
tion of preferable anthropometric measurements may improve the accuracy of detecting OSA is unknown. This study
aimed to explore the accuracies of the waist-hip ratio (WHR) in conjunction with the body mass index (BMI) when
identifying the severity of OSA.

Design: A total of 2012 participants in the China-Japan Friendship Hospital from January 2018 to December 2019
underwent anthropometric measurements and an overnight home sleep test (HST). The 244 subjects who met the
criteria for obstructive sleep apnea (apnea—hypopnea index (AHI) > 5 events/hour) were divided into four groups:
Group A (55 patients with WHR > 0.9 and BMI > 28 kg/m?); Group B (12 patients with WHR < 0.9 and BMI > 28 kg/m?);
Group C (69 patients with WHR > 0.9 and BMI < 28 kg/m?); and group D (108 patients with WHR < 0.9 and BMI < 28 kg/
m?).

Results: The AHI, apnea index (Al), hypopnea index (HI), and oxygen desaturation index (ODI) were significantly
different among the 4 groups (p < 0.05). The WHR was positively correlated with AHI (r=0.22, p<0.001), Al (r=0.270,
p=0.004), and ODI (r=0.286, p=0.0022) and negatively correlated with lowest oxygen pulse saturation (LSpO,)
(r=0.246, p=0.008) only in nonobese patients. Moreover, the WHR was found to be a screening marker for moder-
ate-to-severe OSA in Group D (p<0.05). When used to identify severe OSA in Group D, the WHR cut-off point of 0.873
yielded a sensitivity of 65% and specificity of 56% (p < 0.05).

Conclusion: In nonobese male OSA patients, WHR is a moderate screening marker for moderate-to-severe OSA and
an independent risk factor for OSA severity.
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Introduction

Obstructive sleep apnea (OSA) is a respiratory dis-
ease characterized by repetitive airway collapse during
sleep along with a cession (apnea)/reduction of airflow
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(hyponea) [1]. Given its high prevalence in obese indi-
viduals and the current global rise of obesity, OSA is
estimated to be as prevalent as diabetes in developed
countries [2]. Over 50% of obese people suffer from
OSA, whether they are male or female [3, 4]. The preva-
lence of OSA is as high as 98% in morbidly obese patients
[5]. Sleep disorder is attributable to excess weight (body
mass index (BMI)>25 kg/m?) in 41% of mild patients
and in 58% of moderate or severe patients [6]. A 10%
increase in weight gain predicted a 32% increase in the
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apnea—hypopnea index (AHI), while a 10% weight loss
predicated a 26% reduction in AHI. In addition, a 10%
increase in weight predicted a sixfold increase in the risk
of moderate-to-severe OSA [7].

With the improved quality of life, OSA is becoming
increasingly common; however, since the diagnosis of
OSA relies on laboratory polysomnography (PSG) or
home sleep test (HST), the undiagnosed rate of OSA
remains high. Effort is required to further shed light on
the relationship between OSA and anthropometric meas-
ures. BMI has traditionally been the chosen surrogate
method used to determine excessive body fat; however,
as it is a weight-for-height measure, BMI is unable to
distinguish fat deposits. As the amount of adipose tissue
adjacent to the pharyngeal airway and in the intraperito-
neal space is associated with AHI but not BMI, although
higher BMI patients with OSA have more visceral fat,
which is associated with severity, accumulative evidence
suggests that visceral fat and central obesity are more
sensitive predictive parameters for OSA and its severity
[8, 9]. Therefore, BMI is not a good indicator for OSA.

Excessive central fats (abdominal and visceral fat) are
associated with deleterious metabolism [10] and periph-
eral fats (hip and gluteal-femoral fat) contribute to met-
abolic protection [11]. An abnormal accumulation of
adipose tissue is located in the tongue, soft palate, and
uvula of OSA patients, and this increases the mechani-
cal load to diminish the lumen of the airway and facilitate
the collapse of the upper airway. Therefore, it is essential
to determine the accumulation of central fats. Several
radiologic methods have been used to measure central
obesity, such as nuclear magnetism, ultrasonic exami-
nation, and positron emission tomography-computed
tomography (PET-CT). Compared to the expensive and
time-consuming methods listed above; the waist-to-hip
ratio (WHR) might be the most pragmatic clinical meas-
ure of central obesity. The close correlation between the
WHR and OSA severity has been extensively studied [12,
13]. However, inferences from these studies are limited,
because many have been restricted to obese patients, or
have focused on European and American people. It also
not clear whether the relationships between the WHR
and OSA severity observed in these studies could be sim-
ply explained by the BMI. To address these limitations,
this study was conducted on admitted patients to deter-
mine the relationship between the WHR and OSA in
Chinese people.

Materials and methods

Subjects

We enrolled 2012 patients with consecutive suspected
OSA symptoms (excessive daytime sleepiness, loud snor-
ing, or witnessed apnea) who were referred to a sleep
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laboratory in the Sleep Center of China-Japan Friend-
ship Hospital from January 2018 to December 2019. This
study was approved by the Institutional Ethics Commit-
tee of the China-Japan Friendship Hospital.

The exclusion criteria were as follows: (1) age less than
18 years; (2) history of OSA diagnosis or treatment; and
(3) severe comorbid diseases, such as hypertension, dia-
betes or cardiovascular diseases. Patients were excluded
due to hypertension if it was listed in their medical his-
tory, if their systolic blood pressure was 140 mmHg or
higher or if the diastolic blood pressure was 90 mmHg or
higher at the time of their visit. There was no ambulatory
blood pressure monitoring (ABPM) performed in the
study. Further exclusion criteria included the following:
(4) recorded total sleep time (TST) <4 h; (5) sleep disor-
ders other than OSA, such as central sleep apnea or nar-
colepsy; (6) significant abnormal maxillofacial structures
via upper airway CT; and (7) non-male patients. Finally,
there were a total of 244 eligible subjects in our study
(Additional file 1).

Sleepiness evaluation and anthropometric measurements
Before the overnight HST, all participants were asked to
complete the Epworth Sleepiness Scale (ESS) to assess
daytime sleepiness. Briefly, the waist circumference
(WC) was measured using an inelastic 150-cm tape at the
midpoint between the inferior edge of the costal border
and the iliac crest in the mid-axillary line, and the hip
circumference (HC) was measured at the maximum pos-
terior protrusion of the gluteus muscles. We measured
the patient height to the nearest 0.1 cm. The body weight
was measured with an electronic scale with a maximum
capacity of 200 kg. BMI was calculated by dividing the
participant’s weight in kilograms by the square of their
height in meter (kg/m?. The WHR was calculated by
dividing WC (cm) by HC (cm).

HST

The sleep studies were performed using a Nox T3 sleep
monitor (Nox Medical, GA, USA), a standardized level-3
portable diagnostic device, as previously described [14].
All studies were manually scored by a sleep medicine
expert according to the American Academy of Sleep
Medicine 2012 [15]. Respiratory variables including chest
and abdominal wall movements, nasal airflow and pres-
sure, and oxygen saturation were recorded. Apnea was
defined as a > 90% decrease in airflow from the pre-event
baseline level for over 10 s. Hypopnea was defined by
a>30% drop in airflow lasting at least 10 s with a>3%
SpO, drop. The sum of apnea and hypopneas per hour
determined the AHI. The number of apnea events per
hour was defined as the apnea index (AI), while the hypo-
pnea index (HI) was calculated as the total number of
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hypopnea events divided by the TST. The lowest oxygen
pulse saturation (LSpO,) was defined as the lowest oxy-
gen pulse saturation during sleep. The oxygen desatura-
tion index (ODI) was considered the average number of
3% desaturation episodes from the baseline per hour of
recording.

Grouping

Since all the enrolled subjects were of Chinese ethnic-
ity, the Chinese version of the BMI category for obesity
was applied. Based on the HST, BMI and anthropomet-
ric measurement results, the subjects with OSA (AHI>5
events/hour) were further divided into four groups: indi-
viduals with central obesity (Group A; 55 patients with
WHR>0.9 and BMI>28 1<g/m2); individuals with non-
central obesity (Group B; 12 patients with WHR < 0.9 and
BMI > 28 kg/m?); nonobese individuals with central fat
(Group C; 69 patients with WHR > 0.9 and BMI<28 kg/
m?); and nonobese individuals (Group D; 108 patients
with WHR < 0.9 and BMI < 28 kg/m?).

Statistical analysis

The statistical analysis was carried out using SPSS 20.0
software. The continuous data were expressed as the
mean + standard deviation (SD). For categorical data,
frequencies and percentages were reported. The mean
differences among groups were tested using one-way
ANOVA. Pearson’s correlation coefficients were exam-
ined between sleep-associated parameters and the fol-
lowing variables: BMI, WC, HC, and WHR. Logistic
regression was used to investigate relevant risk factors for
moderate-to-severe OSA. The discrimination ability of
the fitted logistic models was assessed using the receiver

Table 1 Demographic and polysomnographic profile of subjects

Page 3 of 9

operating characteristic (ROC) curve. The discrimination
ability of the model was reported through the area under
the estimated ROC curve with 95% confidence intervals
(CI). An ROC analysis was also performed to determine
the optimal cut-off values for the identifying moderate-
to-severe OSA. Considering that age, ESS and the WHR
may be closely related to OSA, multiple linear regression
models were evaluated to analyze the OSA severity. A p
value <0.05 was considered statistically significant.

Results

Basic characteristics of participants

Among the 244 included participants, 177 were non-
obese patients and 67 were obese patients. Among the
four groups of patients, the AHI, HI, LSPO,, ODI values
were significantly different (p <0.05) (Table 1). There was
no obvious difference in AI among groups (Table 1), sug-
gesting that various fat accumulations had a very weak
effect on apnea events. In addition, the ESS score, as the
indicator of daytime sleepiness, did not differ among
these four groups (Table 1), and this may imply that day-
time sleepiness was not related to obesity or central fat
distribution.

Correlation analysis between the severity of OSA and WHR
The OSA severity was evaluated via respiratory events
and oxygen desaturation. According to the BMI and
WHR, the participants were divided into 4 groups as
mentioned before. In Groups A, B and C, no correla-
tions were found between the WHR and sleep severity
variables, such as Al, HI, AHI or ODI (Additional file 2:
Table S1). A negative correlation between the WHR and
LSpO, was observed in Group A but not in Group B

Obesity BMI > 28 kg/m? Non-obese BMI < 28 kg/m? p-value F

(A) WHR>0.9 (B)WHR<0.9 (C)WHR>0.9 (D) WHR<0.9
AHI (h) 3814274 3854189 23441607 21541527 <001 11.60
Al (h) 1544250 1594162 100+139 98+135 0.16 177
HI (h) 2274186 227488 133+£9.17 120£90"" <001 12.07
LSPO2 (%) 7624114 813456 833493" 851475 <001 1235
0Dl (h) 39.7429.1 320£179 173£150" 156+£158"" <001 2140
AlZHI 21454 0874130 2374964 303+001 0.87 0.24
ESS 63£523 59444 72451 71+43 064 1293
Height (cm) 17544119 1763492 1713462 1724466 0.02 345
Weight (kg) 13354300 106.24327 67.147.1 7084106 <001 188.17
WC (cm) 1290+£180 10484146 90.745.1 856477 <001 21206
HC (cm) 12774213 12134199 958+55 99.1466 <001 91.89
WHR 1044030 0874004 0.9540.04 0864003 <001 1901
Age (y) 30.2440.99 39754361 50494 1.69 43414124 <0.0001 2876

*** indicated p <0.001 versus group A; # indicated p < 0.05 versus group B
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and Group C (Additional file 2: Table S1). In Group D,
the correlation analysis between WHR and sleep severity
variables were shown in Fig. 1. The WHR was positively
correlated with AHI (r=0.227, p=0.0162), Al (r=0.270,
»=0.004) and ODI (r=0.286, p=0.0022) (Fig. 1 A, B,
D). In addition, the WHR was negatively correlated with
LpSO, (r=—0.246, p=0.008) in Group D (Fig. 1C).
There was a marginal correlation between the WHR
and HI (r=0.159, p=0.09) (Fig. 1E). The WHR yielded
a moderate correlation with four OSA severity markers
(AHI, AI, LSpO, and ODI) but a weak correlation with
HI (Fig. 1A—E).

WHR as an independent risk factor for OSA severity

and screening marker for moderate-to-severe OSA

in nonobese OSA patients

Multivariate logistic regression modelling was con-
ducted for the 4 groups defined by BMI/WHR status.
In each group, weight, BMI, WC, HC, and WHR were
tested as predictors of the occurrence of moderate/
severe OSA. In Group D, WC, HC, and WHR were found
to be independent statistically significant risk factors
for moderate OSA, and marginally significant risk fac-
tors for severe OSA (p<0.05) (Table 2). Moreover, the
odds ratios (OR) of having moderate/severe OSA were
higher for the WHR than for the weight, BMI, WC and
HC variables (Table 2). In contrast, among the Group A,
B and C, the occurrence of moderate or severe OSA was
not significantly associated with weight, BMI, WC, HC,
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or WHR (Table 2). Table 3 showed the area under the
curve (AUC) derived using ROC curves for these differ-
ent parameters to predict moderate or severe OSA. The
WHR, in comparison to WC and HC, yielded the high-
est risk estimates for severe OSA. The AUC for the WHR
in identifying severe OSA in Group D was significantly
greater than those of WC and HC (Fig. 2). The WHR cut-
off point of 0.873, when used to predict severe OSA in
Group D, yielded a sensitivity of 65% and specificity of
56% (p<0.05). The WC, weight, HC and WHR had col-
linearity relationships; therefore, with AHI and ODI set
as individual dependent parameters, age, ESS and WHR
were subjected to linear regression analyses (Additional
file 3: Table S2). The WHR was an independent risk fac-
tor for ODI in all subjects and for AHI and ODI in non-
obese patients.

Discussion

It is well known that obesity is a risk factor for moderate-
to-severe OSA, but it is often overlooked that nonobese
males may have moderate-to-severe OSA. The current
study first grouped the recruited patients according to
a combination of their BMI and WHR to investigate the
relationship between the WHR and the occurrence and
severity of OSA. This is the first study to provide evi-
dence that the WHR is positively correlated with OSA
severity in nonobese patients. Moreover, a similar cor-
relation was not observed in obesity and/or visceral adi-
pose accumulation (WHR > 0.9) patients. In line with the
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Table 3 The multivariate logistic regression models for the associations of anthropometric measurements and moderate/severe OSA

in group D
AHI> 15 (h) AHI>30 (h)
AUC 95% ClI p-value AUC 95% p-value
WC (cm) 0.54 0.44-0.65 043 061 0.50-0.72 0.08
HC (cm) 0.55 0.45-0.66 0.34 0.57 0.46-0.69 0.26
WHR 0.55 0.44-0.65 0.39 0.63 0.52-0.74 0.04*
" Indicated p<0.05
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Fig. 2 The area under the curve (AUC) of WC, HC, WHR for moderate OSA (A) and severe OSA (B). See Table 3 for explanations

correlation analysis, WHR was an independent risk fac-
tor for the presence of moderate-to-severe OSA only in
nonobese patients.

A number of clinical and animal studies have demon-
strated a close relationship between OSA and obesity. The
BMI was devised in the nineteenth century by Quetelet
[16], and is the most widely used technique to diagnose
obesity in individual subjects. Many studies reported
that BMI was associated with OSA severity [3, 17-19].
Recently, BMI has been more widely regarded as a sole
indicator of general adipose tissue. In comparison to sub-
cutaneous obesity, visceral obesity tends to be associated
with OSA-associated insulin resistance, dyslipidemia,
and glucose intolerance. Increased deposition of fat in
the visceral compartment may occur as an unfavorable
outcome consequent to saturation of subcutaneous adi-
pose tissue to store fat. Therefore, some surrogates of
anthropometric measures for different fat distributions,
including the neck circumference (NC), WC, HC, and

WHR, have been increasingly studied. In a multiple logis-
tic regression model, BMI (obese vs. nonobese) was not
associated with OSA, but a high WHR (at cut-off points
of 1 for men and 0.85 for women) was associated with an
odds ratio of 2.6 (1.2-5.8) [20]. Another study reported
that the WHR was the most reliable correlate of OSA in
both sexes. NC was solely an independent risk factor for
male OSA patients but not for female OSA patients [21].
Therefore, practical considerations appeared to favor the
use of WHR as an alternative to BML

According to the WHO Expert Consultation on WC
and WHR, the performance of measures such as WC and
WHR, used in conjunction with BMI, might contribute
to the development of composite indices for use with
individuals and the community [22]. To better investigate
the effect of fat mass and fat distribution on the pres-
ence and severity of OSA, our patients were grouped
based on different BMI and WHR degrees. These four
groups were individually representative of patients with
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different obesity statuses: patients with central obesity,
patients with noncentral obesity, nonobese patients with
central fat and nonobese patients. The current results
suggested that the WHR is a better predictor for moder-
ate-to-severe OSA in nonobese patients and is correlated
with the severity of OSA. In accordance with previous
research, the WHR showed the strongest correlation with
AHI in BMI<25 kg/m? in comparison with BMI, NC,
WC and waist-height ratio [23]. Obesity, an established
major risk factor for OSA, is less common among Asians,
and the reported values of body mass indices (BMlIs) of
Asians with OSA are lower than those of their Cauca-
sian counterparts [24]. Asian Indians have a high risk of
developing OSA with small increments in their upper
adiposity, despite having a normal BMI [25]. Our results
suggest that in nonobese patients, centrally located
rather than peripherally located fat that contributes to
the pathogenesis and severity of OSA and is thus espe-
cially essential when evaluating OSA risks in nonobese
Asian populations.

Accumulating evidence suggests a vicious cycle when
obesity and OSA meet. Several mechanisms may account
for the increased risks of OSA with obesity. Unexpect-
edly, our results did not support any significant rela-
tionship between the WHR and OSA severity in obese
patients, suggesting that there are other mechanisms
worth exploring in addition to fat accumulation. In men,
for any given BMI quartile, the mean forced expiratory
volume in the first second (FEV1) and forced vital capac-
ity (FVC) decreased with increasing WHR. Moreover, the
lowest lung function values were observed among those
in the top WHR quartile in nonobese patients [26]. Nota-
bly, the total lung volume was an important factor affect-
ing the collapse of the upper airway. Decreases in lung
volumes likely crippled caudal traction on the upper air-
way, facilitating its collapse [27]. The above studies fur-
ther supported our results. The WHR not only affects fat
accumulation but also affects the collapsibility of the air-
way through alternation of the total lung volume, in turn
promoting OSA. In our study, although both Groups C
and D included the nonobese population, only the com-
paratively smaller WHR values (Group D) were related to
the severity of OSA. This may have been because in the
nonobese population, the relationship between WHR
and OSA is limited to the lower WHR values; once it
exceeds the threshold, the WHRs may plateau with the
OSA severity.

Although WHR was originally regarded as an indica-
tor for abdominal obesity, its significance in predicting
cardiovascular disease and other chronic complications
is receiving increasing attention. An increasing WHR
has been found to be associated with an increasing risk
of myocardial infarction [28] and heart failure [29] after
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adjusting for BMI and other risk factors among those
regarded as being very-below-normal weight or of nor-
mal weight. Men with the highest-quartile of WHR
had multivariate-adjusted hazard ratios of 1.81 for total
stroke and 2.26 for ischemic stroke compared with men
with the lowest quartile of WHR [30]. A decrease in
WHR of more than 5% significantly reduced the risk of
chronic kidney disease development in nonalcoholic fatty
liver disease (NALFD) patients, even in those who were
nonobese. Thus, the serial monitoring of the WHR may
be prioritized in the management of NAFLD [31]. In
addition, the WHR independently predicted mortality
and the first cardiovascular event in peritoneal dialysis
patients with BMI less than 28 kg/m? after adjustment for
known ischemic heart disease [32]. These data provided
sound evidence for the strong relationship between WHR
and moderate-to-severe OSA risk in nonobese patients.

There are several strengths and limitations in our
study. The advantage of this study is that we combined
WHR measurements and BMI to identify different OSA
phenotypes. Significantly, WHR measurements can be
conducted quickly, reliably, non-invasively, and inex-
pensively, making them the valuable measurements for
clinical practice in nonobese patients. Our study, how-
ever, has several limitations. First, this is an observational
study based on only one center; we analyzed only men,
and obesity patterns involve sex-specific characteristic.
Second, the WHR consistency requires further assur-
ance, as it was measured by different medical staff mem-
bers, even though they received standardized training.
Third, the normal WHR cut-off value differs with regard
to ethnic populations, occupations, education levels, etc.
[33]. To date, there are a lack of large-scale epidemiologi-
cal studies on normal WHR values in the Chinese popu-
lation. Additionally, we did not have details on the above
variables in the whole sample. Fourth, since data on
comorbidities and NC are not collected, the significance
of exploring anthropometric measures is not sufficiently
comprehensive in nonobese people.

Conclusions

In conclusion, the present study demonstrates that
the WHR is associated with the severity of OSA in a
nonobese male population. Moreover, the WHR is a
screening marker for the presence of moderate-to-
severe OSA and an independent risk factor for OSA
severity in nonobese male OSA patients. Thus, physi-
cians should measure WHR to help determine the risk
of OSA in nonobese male patients. The correlations
between the WHR and the risks of cardiovascular and
metabolic disorders in nonobese OSA patients need
more exploration.
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OSA: Obstructive sleep apnea; BMI: Body mass index; AHI: Apnea—hypo-

pnea index; PSG: Polysomnography; WHR: Waist-hip ratio; PET-CT: Positron
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