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ABSTRACT
Introduction: Obstructive sleep apnea (OSA) is associated with considerable morbidity and
mortality. This study assessed the prevalence of high risk of OSA and investigated which
anthropometric measure best predicts the OSA risk among patients attending a family practice
clinic in a tertiary hospital.
Methods: We conducted a descriptive cross-sectional study of 362 consecutive patients (64%
females; median age of 54 years). OSA risk was assessed by the Berlin Questionnaire and the
patients were divided into two groups according to OSA risk: high and low risk.
Anthropometric measurements were conducted as stated in the protocol established in the
3rd National Health and Nutrition Examination Survey.
Results: Out of 362 participants, 84 [23.2% (95% CI 19.0%, 28.0%)] had high risk of OSA.
Subjects with a high risk of OSA had significantly higher body mass index, waist circumference,
hip circumference, and waist-to-height ratio (24.9 vs 23.8, p = 0.002; 89.0 vs 84.0, p < 0.001; 95.0
vs 91.0, p < 0.001; 0.56 vs 0.52, p < 0.001, respectively). Body mass index, waist circumference,
hip circumference, and waist-to-height ratio performed similarly in predicting high risk of OSA
with Area Under the Curve (AUC) of 0.661, 95% CI (0.592,0.730); 0.659, 95% CI (0.596,0.723);
0.668, 95% CI (0.604,0.733); 0.659 95% CI (0.592,0.725) respectively. The AUCs were similar
when the analysis was restricted to those who were overweight.
Conclusion: High risk of OSA is moderately prevalent in this population, with measures of
central and abdominal adiposity equally predicting the risk.
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1. Introduction

Obstructive sleep apnea (OSA) is a common respira-
tory disease that is characterized by repetitive collapse
of the upper airway leading to a marked reduction or
complete cessation of airflow during sleep, causing
oxygen desaturation and frequent arousals [1,2].

The presence of OSA is associated with most debili-
tating medical conditions such as cardiovascular, cere-
brovascular, neuro-cognitive, andmetabolic diseases that
significantly reduce the patients’ quality of life and
increase mortality [3].

Despite this huge impact, it is appreciably unrecog-
nized and undiagnosed [4]. Although the definitive
diagnosis of OSA is made by polysomnography (PSG),
it is widely unavailable and largely unaffordable. Since it
is not practicable to subject all patients with risk of OSA
to PSG, it is useful to define its determinants.

OSA has many determinants in literature with
obesity as the most important [5,6]. The measures
of obesity which have been used and shown to better
predict OSA include body mass index (BMI), neck

circumference (NC), waist circumference (WC),
waist–hip ratio (WHR), neck–height ratio, and
waist-to-height ratio (WHtR) [7,8]. However,
results from studies on the relationship between
these different anthropometric measures and OSA
differed by age, gender, and ethnicity of the partici-
pants, as well as by environmental factors [9].
Moreover, it is also well established that fat distri-
bution rather than total body fat is a major determi-
nant of cardiovascular risk [10,11]. Thus, there is
mounting importance of the role of anthropo-
metrics in predicting the risk of OSA. Previous stu-
dies in sub-Saharan Africa have focused on the risk
of OSA among the general population [12,13], dri-
vers [14], among specific groups of patients with
diseases [15–19]. However, no study has specifically
examined which anthropometric measures predict
the risk of OSA, although these can easily be mea-
sured by simple, inexpensive, validated, noninvasive
instruments by trained health-care workers in clin-
ical practice. Therefore, our main objective is to
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describe the prevalence of high-risk OSA and inves-
tigate which anthropometric measure predicts OSA
risk after adjusting for some clinical factors.

2. Methods

2.1. Design and sample size calculation

This cross-sectional study was conducted at the family
practice clinic of Obafemi Awolowo University
Teaching Hospitals Complex, Ile-Ife, South-west
Nigeria. The study population was patients over 18
years attending the clinic. A sample size of 354 was
calculated using an appropriate statistical formula for
estimating the minimum sample size in descriptive
health studies [n = Z2p(1-p)/d2*Deff] [20]. Where
n is the required sample size, Z is the confidence
level at 95% (standard value of 1.96), p is the estimated
prevalence of OSA, which is 19% [13] from previous
study, d is the margin of error at 5% and Deff is the
design effect of 1.5, which is a “correction factor” to
account for non-probability sampling technique.

2.2. Participants

All consenting patients who came for follow-up-
visit for medical ailments between August 2012
and November 2012 were consecutively recruited.

Demographic and clinical information obtained
from the patients and their case records. The informa-
tion collected included age, gender, tentative or final
diagnosis, and, in particular, the presence of diabetes
mellitus, and hypertension as well as current cigarette
smoking and alcohol use. All questionnaires were inter-
viewer-administered.

Excluded patients were those on sedative or
anxiolytic drugs and those who had obvious cra-
niofacial abnormalities. All participants gave verbal
informed consent and permission to conduct the
study was obtained from the Head of general out-
patient clinic. All the completed questionnaires
were anonymous, and no personal identifiers were
collected.

2.3. Anthropometric measurements

Body height was measured with the subjects standing
barefooted on a wall-mounted stadiometer and
recorded to the nearest 0.5 cm. Body weight was
measured to the nearest 0.1 kg with the participant
wearing minimal clothing and from these measure-
ments, BMI was calculated (weight/height 2, kg/m 2)
[21]. Waist and hip circumferences were measured
with the participants in a standing position. Neck
circumference (cm) was measured and recorded to
the nearest 0.1 cm with the subject in the standing
position at the level of the cricothyroid cartilage,

inferior to the laryngeal prominence and perpendi-
cular to the long axis of the neck, with the head in the
Frankfurt horizontal plane. The measurement of the
waist, hip, and neck circumference was obtained
using a non-elastic tape; measurements were
obtained in duplicate and then averaged using the
protocol established in the 3rd National Health and
Nutrition Examination Survey [22]

All the measurements were taken by trained
research staff and regularly supervised by the lead
investigator to ensure quality control and adherence
to the standardized protocols.

2.4. Assessment of OSA risk

The risk of OSA was evaluated using the Berlin
Questionnaire. The Berlin Questionnaire has been
validated and used expansively in clinical and epi-
demiologic research internationally and there is
moderate to high consistency between results of
the Berlin Questionnaire and parameters of poly-
somnography [23]. It comprises 10 items structured
in 3 categories. The first category assesses snoring
and witnessed apnea (questions 1 to 5), the second
category assesses daytime sleepiness (questions 6
to 9), while the third category evaluates the pre-
sence of either hypertension or a BMI ≥ 30 kg/m2.
Inside each item, some “positive” answers are
defined and these are assigned 1 point. The only
item that is an exception is question 5, which
receives 2 points for a positive answer. In category
three, the answers that confirm the presence of
hypertension or obesity are considered positive
and also transform this category into a positive
one. The risk for OSA is high if two or more
categories are positive, and the risk is low if less
than two categories are positive. The sensitivity of
the Berlin Questionnaire ranges from 54% to 86%
and the specificity from 43% to 87% [24]

2.5. Statistical analysis

Statistical analysis was performed with IBM-SPSS soft-
ware version 20 (IBM, Armonk, NY, USA).
Categorical variables were described as numbers and
proportions. The anthropometric measurements were
not normally distributed and so, were expressed as
median values with interquartile ranges (IQR).
Normality was tested with Shapiro–Wilk test.
Differences between the high risk and the low-risk
group were tested with the Chi-square test or the
Fisher exact test for categorical variables, and with
unpaired Wilcoxon rank-sum test (Mann–Whitney
U test) for the anthropometric variables. Further ana-
lyses were performed on the anthropometric variables
that were found to be significantly different between
the high risk and the low risk for OSA. To explore the
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association between OSA risk and various anthropo-
metric measures, unconditional logistic regression
analysis was performed using OSA risk as the depen-
dent factor and age, gender, hypertension, and one
anthropometric variable (BMI, HP, WC, or WHtR)
at a time as independent covariates. For comparison of
the indices, the regression-fitted values were used to
plot receiver-operating characteristic (ROC) curves
with sensitivity plotted on the y-axis against (1–speci-
ficity) on the x-axis, and comparing the area under the
curve (AUC). The larger the AUC the more accurate
the test; A p-value of <0.05 was considered significant
and all the tests were two-tailed.

3. Results

Out of 362 participants, 84 were classified as having high-
risk OSA giving a prevalence rate of 23% (95% CI
19%-28%)

Table 1 shows the demographics, clinical and anthro-
pometric characteristics of the participants. The median
age (IQR) of the participants was 54.0 (44.0–65.0) years,
there were more female (233/362; 64.4%) than male
participants. About a quarter of them were hypertensive,
eight (2.2%) were currently smoking, and twenty-two
(6.1%) were taking alcohol.

Among the anthropometrics, the median BMI, med-
ian waist circumference, median hip circumference, and
median waist/height ratio were significantly higher in the
high risk of OSA group compared with the low-risk
group. (24.9 vs. 23.8, p ≤ 0.002; 89.0 vs. 84.0, p < 0.001;
95.0 vs. 91.0, p < 0.001; 0.56 vs. 0.52, p < 0.001, respec-
tively) There were no statistically significant differences
in the risk of OSA between current smokers and non-
smokers, as well as those taking alcohol and those not
taking.

After adjustment for age, sex, alcohol consump-
tion, hypertension, and diabetes mellitus, logistic
regression analysis indicated that BMI [OR 1.144;
95% CI (1.074–1.219) p < 0.001], WC [OR 1.046;
95% CI (1.021–1.071) p < 0.001], HC [OR 1.053;
95% CI (1.028–1.079) p < 0.001] and WHtR [OR
1.068; 95% CI (1.031–1.106) p < 0.001] were inde-
pendently associated with higher odds of high risk for
OSA, when they were used separately in the regres-
sion model, as shown in Table 2.

Using ROC curves (Figure 1(a)) with AUC and
95% confidence intervals of the assessed anthropo-
metric parameters such as BMI, WC, HC, andWHtR,
prediction of high risk for OSA by the anthropo-
metric measures was generally fair with HC predict-
ing high risk for OSA most accurately (AUC of 0.668,
95% CI 0.604,0.733), followed by BMI (0.66I 95% CI
0.592,0.730), WC (0.659 95% CI 0.596,0.723) and
WHtR (0.659 95% CI 0.592,0.725) (Table 3).
However, there were no significant differences
between the AUC areas among the anthropometric
indices (Table 4). Restricting our analysis to those
participants with BMI between 25 to 29.9 kg/m2, we
got similar AUC (Figure 1(b)); however, the AUC for
participants with BMI≥25 was higher compared to
the whole participants (Figure 1(c)).

4. Discussion

The human, economic, and health burden associated
with OSA is substantial. In this study, we found that
the prevalence of high risk of OSA was modest and
that measures of central obesity like waist circumfer-
ence, hip circumference, and waist–height ratio were
equally effective in predicting the risk of OSA when
compared to BMI among the study population. Our

Table 1. Demographics, anthropometrics, and clinical characteristics of the participants.

Variables
Total

Participants (N = 362) High Risk (N = 84) Low Risk (N = 278) p-Value

Age(years) 54.0(44.0–65.0) 57.0(46.5–66.0) 53.0(43.0–64.0) 0.151
Sex (Female) 233(64.4%) 54(63.3%) 179(64.4%) 0.986
Anthropometrics
Height(m) 1.6(1.6–1.7) 1.6(1.5–1.7) 1.61(1.6–1.7) 0.439
Weight(kg) 63.0(56.8–71.0) 69.0(60.0–74.0) 61.0(56.0–70.0) 0.001
BMI (kg/m2) 23.9(22.0–26.9) 24.9(22.3–31.2) 23.8(21.9–26.1) 0.002
<25kg/m2 214(59.1%) 42(50.0%) 172(61.9%)
25-29.9kg/m2 108(29.8%) 17(20.2%) 91(32.7%) <0.001
≥30kg/m2 40(11.1%) 25(29.8%) 15(5.4%)
NC (cm) 34.0(32.0–37.0) 35.0(33.0–37.0) 34.0(32.0–36.0) 0.087
WC (cm) 84.0(77.0–93.0) 89.0(81.0–98.0) 84.0(77.0–91.0) <0.001
HC (cm) 92.5(83.0–99.0) 95.0(86.3–105.6) 91.0(82.0–98.0) <0.001
Waist/Hip Ratio 0.94(0.90–0.97) 0.94(0.91–0.97) 0.94(0.89–0.97) 0.824
Neck/Height Ratio 0.21(0.20–0.23) 0.22(0.20–0.23) 0.21(0.20–0.23) 0.130
WHtR 0.52(0.47–0.59) 0.56(0.48–0.62) 0.52(0.47–0.58) <0.001

Clinical characteristics
Presence of Hypertension 85(23.5%) 28(33.3%) 57(20.5%) 0.015
Presence of DM 22(6.1%) 7(8.3%) 15(5.4%) 0.323
Current Smoker 8(2.2%) 4(4.7%) 4(1.4%) 0.085

Anthropometric data were not normally distributed and so, were expressed as median values with interquartile ranges. Categorical variables were
expressed as number (percentage). p-Values were calculated based on Mann Whitney test for anthropometric variables; Pearson chi-square or
Fischer exact test for categorical variables.

BMI, body mass index; WC, waist circumference; HP, hip circumference; NC, neck circumference; WHtR, waist-to-height ratio; DM, diabetes mellitus.

16 O. F. AWOPEJU ET AL.



prevalence of high risk of OSA among general out-
patients was in consonance with several published
articles [12,13,18,19] thus buttressing the fact that
OSA is common, under-diagnosed, and requires reg-
ular screening.

Clinical predictors of high risk for OSA have
been reported, including male gender, older age,
alcohol consumption, and cigarette smoking [25].
Our study showed that hypertension was the only
significant clinical parameter in this cross-
sectional study. We probably did not find any
difference in other clinical parameters because of

the small number of smokers, alcoholics, and
Diabetes Mellitus patients that were seen in the
general outpatient clinic during the study period
and this may reduce the statistical power to detect
a difference.

One unique aspect of our work was the assessment
of several representative metrics of central obesity in
estimating the risk of OSA. In this study, BMI, waist,
and hip circumference with adjusted waist-to-height
ratio were found to be significantly different between
those who were at high risk of OSA compared to those
who were not. The mechanisms by which general or
central obesity contribute to OSA is not clear [26].
However, there are many proposed factors, which
are, airway compression from fatty distribution in
the airway or peripharyngeal area of the neck;
decreased upper airway muscle protective force due
to fatty tissue deposits and abdominal fat causing
cranial displacement of the diaphragm decreasing
longitudinal tracheal traction on the upper airway,
leading to increased tendency of upper airway

Table 2. Adjusted odds ratio for high risk of OSA.
Variable *OR 95%CI p-Value

BMI 1.144 1.074,1.219 <0.001
WC 1.046 1.021,1.071 <0.001
HC 1.053 1.028,1.079 <0.001
WHtR 1.068 1.031,1.106 <0.001

*adjusted for age, sex, alcohol consumption, hypertension, and DM.
BMI, body mass index; WC, waist circumference; HC, hip circumference;
WHtR, waist-to-height ratio; OR, odds ratio; CI, confidence interval; OSA,
obstructive sleep apnea.
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Figure 1. ROC curves of anthropometric indicators for high risk of OSA. (a) For all the study participants (n = 362), (b) For BMI
25–29.9 only (n = 108), (c) For BMI ≥ 25 (n = 148), AUC: area under the curve, BMI: body mass index, WC: waist circumference, HC:
hip circumference, WHtR: waist-to-height ratio.
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collapse. Other factors include lower arousal thresh-
old, ventilatory control instability with reduced lung
volume tethering [27]. It may also be related to leptin,
ghrelin, and orexin and other hormone levels secreted
by the fat cells [28].

Although BMI is frequently used to determine gen-
eral obesity, it does not provide accurate information on
body fat distribution. Also, studies have shown that
central obesity is more strongly associated with several
cardiovascular, metabolic, and all-cause mortality than
peripheral obesity. New indicators that have been pro-
posed to evaluate central obesity include WC, WHtR,
HC, and NC. Our study showed that WC, HC, and
WHtR equally predict OSA by evaluating AUC using
the ROC analysis, this agrees with the study of Niţă and
colleague which showed that WHtR was the best pre-
dictor for high risk of OSA, in their study of 254
patients, as compared to other parameters of anthropo-
metrics [29]. However, the reported AUC of 0.760 in
their study may not be significantly different from the
AUC of 0.747 and 0.738 reported for BMI and WC,
respectively, as they did not document whether these
AUCs were statistically different or not. Nevertheless,
a metanalysis that involved 31 studies with over 300,000
participants recommended WHtR as the best screening
tool over BMI and WC for general cardiovascular out-
comes [30]. Other studies have shown an association of
these anthropometrics with polysomnography-based
OSA diagnosis in adults and children. After adjusting
for age, sex, alcohol consumption, and smoking, Hang
et al. reported that waist circumference (OR, 1.114;
p < 0.001) and body mass index (OR, 1.364; p < 0.001)
were associated with OSA [1]. de Sousa Caixêta and
colleagues also demonstrated WHtR was able to differ-
entiate OSA from primary snoring in obese chil-
dren [31].

Surprisingly, we did not find any difference in neck
circumference and waist–hip ratio as measures of cen-
tral obesity between those who had high risk of OSA
and those who did not; the probable reason is not
apparent from our study. It may arise from different
populations studied and also neck circumference may
not, in certain cases adequately correlate with phar-
yngeal fat deposition because of anatomical variations
in the sizes of neck structures [32]. Additionally, it has
also been proposed that waist–hip ratio may not mir-
ror the actual body fat distribution of weight and also
that the value of this ratio may not incorporate or take
account of large waist circumference [29].

Another strength of our study is that in exploring
the association between risk of OSA and anthropo-
metrics, it adjusted for the common clinical predictors
of OSA such as excessive day sleepiness, hypertension,
smoking, and alcohol use. This further strengthens the
use of these anthropometrics as predictors of high risk
of OSA.

Our findings should be interpreted with caution,
in light of some limitations. First, this study relied
exclusively on the use of a screening questionnaire to
determine the risk of OSA. OSA screening question-
naires tend to have high sensitivity but poor specifi-
city thereby increasing the number of false-positive
results. Furthermore, questionnaires can be suscepti-
ble to bias and snoring is not amenable to self-report,
as OSA symptoms occur during sleep. Therefore,
screening questionnaires alone are inadequate for
confirming a diagnosis. Future research should ree-
valuate this relationship using home sleep apnea test-
ing devices especially in those with high pretest
probability. Second, the anthropometric measure-
ment of fat distribution was indirect; however, more
refined methods such as computed tomography
(CT), magnetic resonance imaging (MRI), and Dual-
energy X-ray absorptiometry (DEXA), for determina-
tion of fat mass distribution to detect an OSA risk,
may not be practicable for studies in clinical settings
due to their training expertise, higher costs, and
radiation exposure [33]. Third, this study was con-
ducted among patients presenting in the general out-
patient clinic of a tertiary hospital, hence our findings
may not be generalizable to the general population.
However, it is a nonspecialist clinic and patients are
usually heterogeneous consisting of all strata of the
community.

5. Conclusion

In conclusion, given the considerable importance of
OSA as a reason for all-cause mortality and its asso-
ciated multiple morbidity, this study has shown that
indirect measures of central obesity and fat distribu-
tion, namely waist circumference, hip circumference,
and waist-to-height ratio are easily performed

Table 3. The values of AUC and 95% CI of evaluated para-
meters for all participants.
Variable AUC 95%CI p-Value

BMI 0.661 0.592,0.730 <0.001
WC 0.659 0.596,0.723 <0.001
HC 0.668 0.604,0.733 <0.001
WHtR 0.659 0.592,0.725 <0.001

BMI, body mass index; WC, waist circumference; HC, hip circumference;
WHtR, waist-to-height ratio; CI, confidence interval; AUC, area under the
curve.

Table 4. Pairwise comparison of ROC curves for all the
participants.
Variables Difference of AUC 95% CI p-Value

BMI vs WC 0.0014 −0.0451 to 0.0480 0.953
BMI vs HC 0.0074 −0.0431 to 0.0579 0.775
BMI vs WHtR 0.0022 −0.0456 to 0.0501 0.927
WC vs HC 0.0089 −0.0270 to 0.0446 0.631
WC vs WHtR 0.0008 −0.0193 to 0.0209 0.937
HC vs WHtR 0.0096 −0.0315 to 0.0507 0.647

BMI, body mass index; WC, waist circumference; HC, hip circumference;
WHtR, waist-to-height ratio; CI, confidence interval; ROC, receiver oper-
ating characteristics.
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screening tool that can be used, in busy clinical prac-
tices to determine high risk of OSA in adults. In
addition, they are of equal performance when com-
pared to BMI which is a commonly used predictor in
clinical prediction questionnaires.
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