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ABSTRACT

Background: Obesity and regional fat distribution are among the strongest risk factors for obstructive sleep apnea (OSA) in
the general population. People living with HIV (PLHIV) may be at increased risk of OSA because of their distinct body fat
composition. This study examined the association of body fat composition with the risk of OSA in PLHIV.

Methods: We conducted a cross-sectional prospective study at a tertiary HIV care unit, recruiting 400 PLHIV [female: 317,
79.2%; median age of 44 years; median year of HIV duration of 5 years]. Participants were surveyed using standardized
instruments to assess the risk of OSA, sleep duration and, sleepiness. Body fat composition was evaluated with anthropometric
measurements and bioelectric impedance

Results: Sixty-three of the participants (15.8%; 95% confidence interval [CI], 12.4%-19.8%) had risk of OSA, while 24
(6.0%) of them had risk of OSA and excessive day time sleepiness and 30 (7.5%) had risk of OSA with concomitant short
sleep duration. BMI and markers of central obesity were significantly associated with risk of OSA in females but not in males.
Waist circumference, Waist to hip ratio, Visceral fat level performed similarly in predicting the risk of OSA in females with
Area Under the Curve (AUC) of 0.668, 95% CI (0.613, 0.719); 0.704, 95% CI (0.651, 0.754); 0.663, 95% CI (0.608, 0.715)
respectively, with VFL having the best accuracy.

Conclusions: The risk of OSA among PLHIV was associated with measures of visceral adiposity in females and not in males.
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INTRODUCTION among older adults [6], persons with hypertension [7], and diabetes

. . . mellitus [8], as well as in other population [9,10,11]. However,
Obstructive sleep apnea (OSA) is a markedly prevalentsleep disorder 4,10 are sparse on the risk of OSA among people living with HIV
globally. It spans across age groups and gender [1], and is associated (PLHIV) [12,13].

with longterm cardiovascular, metabolic and neurocognitive

health consequences [2,3]. Aside from these, the public health and PLHIV may have an increased risk of OSA. Abnormal body
economic consequences of undiagnosed and untreated OSA are fat deposition and increased weight gain from antiretroviral
enormous [4,5]. The risk of OSA has been extensively reported medications may increase their risk [13,14]. Inflammation related
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to HIV disease itself may increase the risk of OSA. Also, the
availability of effective therapy has made HIV infection a chronic
and aging condition with improved life expectancy and increased

predisposition to OSA [14,15].

Polysomnography (PSG) remains the gold standard for diagnosis
of OSA [16], however, it is labor and resource-intensive and not
readily available. For instance, in Nigeria, there are only two sleep
laboratories that serves a population of more than 200 million
citizens. Due to the increasing prevalence of undiagnosed OSA and
its associated comorbidities, screening questionnaires are needed
for prompt prediction of OSA. These screening procedures such
as questionnaires can determine the risk of OSA, triage based on
the need for urgent PSG, and facilitate the management of those
identified in clinical settings [17,18].

The most common and consistent factor included in these
screening questionnaires is obesity which is not only the most
well-documented but also the most important reversible risk
factor [2,19]. However, depending only on a general measure
of obesity, such as body mass index(BMI) has some limitations,
as it may not truly represent regional fat distribution which is
more implicated in the pathogenesis of OSA [20,21]. Other
anthropometric measurements such as neck circumference (NC),
waist circumference (WC), hip circumference (HC) and its derived
ratios, have been more associated with OSA (21) in general
population. More so, in PLHIV, BMI might not be associated with
OSA [22].

To date, studies detailing the risk of OSA among PLHIV and
its association with multiple indices of obesity and body fat
composition are lacking in sub-Saharan Africa. In this study, our
goal was to assess the risk of OSA and investigate which body fat
composition measurements predict the risk of OSA among PLHIV

METHODS

Study design and participants

We conducted a cross-sectional study of 400 PLHIV receiving
care at the HIV clinic, Obafemi Awolowo University Teaching
Hospitals Complex, Ile-Ife, Nigeria from July to December 2017.
The HIV clinic is a prototypical, governmentrun HIV clinic,
provides holistic HIV care for South-Western people in Nigeria.
Ithas 1407 registered PLHIV. Participants were included if they
were 18 years or older and willing to participate in the study. We
excluded those who had craniofacial abnormalities and any acute
medical condition that could affect their ability to complete the
study questionnaire

The study was approved by the Ethics and Research Committee
of ObafemiAwolowo University Teaching Hospitals Complex with
protocol number ERC/2016/02/01. Written informed consents
were obtained from all the participants.

A sample size of 381 was calculated using a single proportion
sample size formula for estimating the minimum sample size in
descriptive health studies, with estimated prevalence of OSA risk
of 43.6% from previous study [23]; at 5% margin of error and
95% confidence interval. On each clinic day, the trained research
assistants interviewed 30-35 participants selected by simple random
sampling (lottery method) in the clinic.

Assessment of OSA risk, sleep duration and sleepiness
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We assessed OSA risk using the STOP-BANG (Snoring, Tiredness,
Observed apnea, high blood Pressure, BMI >35 kg/m?, Age >50
years, Neck circumference >40 cm, male Gender) questionnaire,
which is a simple and widely used OSA risk screening tool. It has
8 items and each positive item scores 1 point; a score > 3 out of
8 is considered intermediate to high risk for OSA. It has a high
sensitivity 84% in detecting any sleep apnea [18,24,25]. As our
goal was to determine the anthropometric predictors of OSA
risk, we excluded BMI and neck circumference from STOP-
BANG questionnaire to prevent the use of these variables as both
dependent and independent factors. We estimated subjective
habitual sleep duration by using the first 4 items of the Pittsburgh
Sleep Quality Index. Participants that slept less than 7 hours per
day were classified as having short sleep duration (SSD) [26]. We
also quantified excessive daytime sleepiness (EDS) by using the
Epworth Sleepiness Scale (ESS). Patients with ESS score of 10 or
more were considered to EDS [27].

Anthropometric and body fat measurements

Interviewers were trained to measure anthropometric
measurements using the protocol established in the 3rd National
Health and Nutrition Examination Survey [28]. Briefly, height
was measured with a wall-mounted stadiometer to the nearest
0.1cm and body weight recorded to the nearest 0.1 kg using the
Omron body scale and BMI was then calculated in kg/m?. The
measurement of the neck, waist, and hip circumferences were
recorded to the nearest 0.1cm using a non-elastic tape. The Omron
BE-511 (50kHz, 500uA, Tokyo, Japan) body composition analyzer
was used to measure body fat composition. Body Fat percentage
(BF%) was recorded to the nearest 0.1% and visceral fat content
was expressed in 30 levels. It has been demonstrated that the VFL
determined by bioelectrical impedance analysis(BIA) correlated
closely with the VF area determined by computed tomography, for
example, visceral at level 10, corresponded to a VF area of 100
cm? [29]. All the measurements were taken by the trained research
staff and regularly supervised by the lead investigator to ensure

quality control and adherence to the standardized protocol.
Other co-variates

These included demographic variables, co-morbid disease
conditions, HIV disease and clinical parameters (including time
since diagnosis, prescribed antiretroviral medications, current
CD4 count which were abstracted from their medical charts, and
fatigue). Others are social parameters such as smoking status,

alcohol consumption, and employment status.
Statistical analyses

Statistical analyses were performed with IBM-SPSS software V.20
(IBM, Armonk, New York, USA) and MedCalc statistical software
V.18.2 (MedCalc software bvba, Ostend, Belgium). Participants’
demographics and clinical characteristics were described using
frequencies and percentages for categorical variables. The
anthropometric measurements were not normally distributed
and so, were expressed as median values with interquartile
ranges (IQR). Normality was tested with the Shapiro-Wilk test.
Differences in clinical characteristics between the intermediate
to high risk and the low risk groups were tested with the Chi-
square test or the Fisher exact test for categorical variables, and
with unpaired Wilcoxon ranksum test (Mann-Whitney U test)
for anthropometric variables. Because anthropometrics and body
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fat measures are influenced by gender, subsequent analyses to
detect associations of body fat composition with the risk of OSA
were stratified by gender. To explore the association between
OSA risk and each anthropometric measure, multiple logistic
regression analyses were performed individually using OSA risk
as the dependent factor and one anthropometric variable (BMI,
WC, BF%, Visceral fat level, HC, WHtR) at a time as independent
covariate, controlling for age, educational level, CD4 count, years
of HIV diagnosis and comorbidities. The outcomes for receiver-
operating characteristic ROC Curves were defined in 3 ways: (1)
STOP with age and gender score >3 (2) STOP score with age and
gender >3 with concomitant ESS >10 (3) STOP with age and
gender with concomitant sleep duration <7hours). For comparison
of the indices, the area under curves (AUC) and Youden index
were performed to determine the optimal cutoff point for the
individual anthropometric indices for predicting the risk of OSA
in females. A p-value of <0.05 was considered significant and all the
tests were two-tailed.

RESULTS

Characteristics of the participants

We assessed 400 HIV-infected persons with a median age of 44
years (interquartile range [IQR], 37-52 years), 79.2% were female
and 71.6% were married. The median time since HIV diagnosis
was 5 years (interquartile range [IQR], 2-8 years); the median
duration on antiretroviral therapy (ART) was 4 years (IQR, 2-7
years); 7.2% had a current CD4+ cell count below 200 cells/qul,
and 26.2% had a current CD4+ cell count between 200 and 499
cells/pl. The majority (95%) of the participants had never smoked
and only 2.5% reported alcohol use (Table 1).

Prevalence of OSA risk

Of the 400 participants, 63 (15.8.%; 95% confidence interval [CI],
12.4%-19.8%) were classified as having intermediate and high risk
of OSA (stop-bang score > 3 when BMI and NC were excluded from
the criteria). Including BMI and NC in the criteria, 74 (18.5.%; 95%
confidence interval [CI], 14.9%-22.7%) of them were classified as
having intermediate and high risk of OSA. The prevalence of high
risk of OSA according to modified stop bang criteria was 6.5%
(4.4%-9.5%). Using a composite variable of STOPAG with EDS;
24(6.0%; 95% CI; 4.0%- 8.9%), and the composite variable of
STOPAG with SSD of <7 hours, 30 (7.5%; 95% CI, 5.2%- 10.6%)
were classified as having OSA risk respectively (Figure 1). There
were significant differences in the prevalence of OSA risk in males

and females as assessed by STOP-BANG, STOPAG and modified
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Figure 1: Prevalence of OSA risk by gender using different criteria.
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STOP-BANG score (39.4% vs14.2% p<0.001, 28.9% vs12.3%
p<0.008, 16.9% vs 3.9%p<0.001) respectively. However, there were
no statistically significant differences between males and females,
when the composite score of STOPANG with EDS or SSD (7.2%
vs 5.7% p=0.596; 12.2% vs 6.3%p=0.077) were assessed.

Factors associated with OSA risk

Participants who were at risk for OSA were more likely to be older
(53 years vs 42 years p<0.001), male (38.1% vs 17.5%; p=0.002),
overweight (median BMI 24.6 vs 22.0; p=0.014) and had other
comorbidities (50.0% vs 26.7%; p<0.001). However, other socio-
demographics and clinical variables did not significantly. Smoking
and alcohol consumption showed no association with the risk of
OSA, sleepiness and short sleep were also not associated with OSA
risk.

Of the anthropometric measurement, waist to hip ratio predicted
OSA risk in males. In females, significant differences existed in
median body mass index BMI (26.0 vs. 22.4; p=0.002), waist
circumference WC (91.0 vs. 82.0; p=0.001). BF% (37.0% vs.30.5%;
p=0.005), and VFL (8.0 vs 5.0; p<0.001) for those at risk and those

who were not respectively (Table 2).

After adjusting for age, educational status, alcohol consumption,
smoking, duration of HIV, cART,CD4 counts and any
comorbidities, BMI [Odd ratio (OR), 1.080; 95% confidence
interval (CI), 1.010-1.156; p=0.025)], WC (OR, 1.038; 95% CI,
1.006-1.072; p=0.021), BF% (OR, 1.059; 95% CI, 1.017-1.102;
p=0.005), VFL (OR, 1.231; 95% CI, 1.081-1.402; p=0.002)
and WHtR (OR, 1.062; 95% CI, 1.010-1.117; p=0.019) were
associated with the risk of OSA in females (Table 3).

The area under the curve (AUC) of the anthropometric indices;
BMI, WC, BF%, VFL and WHtR was good with VFL predicting
the risk for OSA most accurately (AUC of 0.704, 95% CI 0.651,
0.754), followed by WC (0.668 95% CI 0.613, 0.719), WHtR
(0.663 95% CI 0.608, 0.715), BMI (0.653 95% CI 0.597, 0.705),
and BF% (0.639 95% CI 0.584, 0.692) (Figure 1) (Table 4).

When we assessed the area under the ROC curves with paired
comparisons for VFL, WC, WHtR, BMI and BF%, there were
statistically significant differences between VFL and BMI; distance
between area is 0.0516 and p value is 0.0081 and also between
VFL and BF%; distance between the area is 0.0648 and p value is
0.0075.

We also assessed the AUC for composite score of risk of OSA
and EDS (Figure 2), and the AUROC for each metric were also
similar when STOPAG was used as the predictor variable and VFL
which still had the best predictive ability. In the ROC analysis
that was used to determine the optimal cut-off values. We report
VFL, WC and WHtR since they have the highest predictive value
for predicting the risk of OSA. The values of 80.0 cm for WC
(sensitivity, 84.6%; specificity, 45.3%), 7 for VFL (sensitivity,
51.3%; specificity, 82.4%), and 0.50 for WHtR (sensitivity, 82.1%;

specificity, 46.4%) were optimal for females.
DISCUSSION

In this study, we showed that a moderate proportion (15.8%) of
PLHIV presenting for HIV care in a tertiary hospital in Nigeria were
at increased risk of OSA. The predictors of OSA risk in females
were WC, WHtR and VFL (which are measures of abdominal
obesity). Among these, VFL had the highest predictive ability.

Comparing our study to prior studies in PLHIV is challenging as
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Table 1: Sociodemographic and clinical characteristics of the participants.

OPEN aACCESS Freely available online

VariableS

Total participants

Risk of OSA N=63

No of Risk of OSA  P-value

N=400 N=317
Age (years)
Median age 44.0 (37.0-52.0) 53.0 (48.3-.57.0) 42.0 (36.0-49.0) <0.001
<30 23(5.7%) 2(3.2%) 21(6.2%) <0.001
30-39 110(27.5%) 3(4.8%) 107(31.8%)
4049 139(34.7%) 13(20.6%) 126(37.4%)
> 50 128(32.0%) 45(71.4%) 83(24.6%)
Gender
Female 317(79.2%) 39(61.9%) 278(82.5%) 0.002
Male 83(20.8%) 24(38.1%) 59 (17.5%)
BMI (kg/m?)
Median BMI 22.5(19.9-26.6) 24.6(20.8-28.0) 22.0(19.6-25.7) 0.014
<25 264(66.0%) 33(52.4%) 231(68.5%)
25-29.9 105(26.2%) 25(29.7%) 80(23.7%)
>30 31(7.8%) 5(7.9%) 26(6.5%) 0.027
Educational level
No education or Primary school 89(22.2%) 17(26.9%) 72(22.7%)
Secondary school 183(45.8%) 25(39.7%) 158(49.6%) 0.319
Tertiary institution 128(32.2%) 21(33.4%) 107(31.7%)
Marital status
Single 25(6.2%) 2(3.2%) 23(6.8%) 0.672
Married 287(71.7%) 47(74.6%) 240(71.2%)
Divorced 20(5.0%) 10(5.9%) 16(4.7%)
Widowed 68(17.0%) 10(15.9%) 58(17.2%)
Employment
Yes 305(76.2%) 51(81.0%) 254(75.4%) 0.334
No 95(23.7%) 12(26.6%) 83(24.6%)
Smoking
Never smoked 381(95.2%) 59(93.7%) 322(95.5%)
Ever smoked/current smoker 19(4.8%) 4(6.3%) 15(4.5%) 0.164
smsmokersmokerssssmsmoking
Alcohol Consumption 10(2.5%) 1(1.6%) 9(2.7%) 0.783
Duration of HIV (years) ((9(diagnosis(years) 5.0(2.0-8.0) 5(3.0-8.0) 5(2.0-8.0) 0.293
Cart
No therapy 13(3.2%) 2(3.2%) 11(3.3%)
AZT/3TC/NVP 192(48.0%) 31(49.2%) 161(47.8%) 0.739
TDE/3TC/EFV 179(44.7%) 26(41.3%) 153(45.5%)
Other combination 16(4.0%) 4(6.3%) 12(3.2%)
CD, count cells/pL
<200 29(7.2%) 4(6.3%) 25(7.4%)
200-499 105(26.2%) 12(19.0%) 93(27.6%)
>500 266(66.5%) 41(74.6%) 219(65.0%) 0.317
Comorbidities
Any comorbidity 124(31.1%) 34(50.0%) 50(26.7%) <0.001
Hypertension 67(16.8%) 27(42.9%) 40(11.9%) <0.001
Diabetes mellitus 6(1.5%) 2(3.2%) 4(2.1%) 0.285
CVA 9(2.2%) 2(3.2%) 7(2.1%) 0.938
PTB 32(8.0%) 6(9.5%) 26(7.7%) 0.635
Peptic ulcer disease 41(10.2%) 9(14.3%) 32(9.5%) 0.259
Other comorbidities 14(3.5%) 5(7.9%) 9(2.7%) 0.062
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Presence of fatigue 67(16.8%) 12(19.4%) 55(16.3%) 0.552
ESS >10 152(38.2%) 24(38.1%) 128(38.0%) 0.988
Sleep duration <7hrs 154(38.5) 30(47.6) 124(36.8) 0.106

Data are shown as medians (interquartile range), or numbers (percentages of respondents). Mann Whitney test for continuous variables; pearson chi-
square for categorical variable, BMI: body mass index, ESS-Epworth sleepiness scale, cART-combination antiretroviral therapy, CVA: cerebrovascular
accident, PTB: pulmonary tuberculosis, AZT-Zidovudine, 3TC-Lamivudine, NVP-Nevirapine, TDF-Tenofivir, EFV-Efavirenz. OSA risk; participants
with intermediate and high risk, No risk of OSA; participants with low risk

Table 2: Anthropometric measurements and OSA risk stratified by gender.

Anthropometric Female Male

Variables OSA risk No OSA risk P value OSA risk No OSA risk P value
Weight (kg) 69.0(59.0-74.0) 60.0(52.0-70.0) 0.005 64.0(54.3-73.5) 66.0(57.0-74.0) 0.462
Height (m) 1.62(1.59-1.66) 1.62(1.59-1.67) 0.809 1.71(1.65-1.76) 1.75(1.70-1.80) 0.047
BMI (kg/m?) 26.0(21.0-28.5) 22.4(19.2-26.0) 0.002 21.6(19.1-24.9) 21.6(19.1-25.0) 0.651
BF% 37.0(29.0-42.6) 30.5(24.2-38.7) 0.005 18.1(12.3-24.7) 18.7(14.0-23.1) 0.921
VFL 8.0(5.09.0) 5.0(3.0-7.0) <0.001 5.0(3.0-9.0) 4.0(2.0-7.0) 0.188
WC (cm) 91.0(81.0-96.0) 82.0(76.091.0 0.001 84.5(77.3-94.0) 83.0(76.0-89.0) 0.418
HC (cm) 105.0(93.0-113.0) 97.5(91.0-105.3) 0.005 93.5(86.3-98.8) 93.0(88.0-99.0) 0.918
WHR 0.89(0.82-0.92) 0.84(0.81-0.89) 0.031 0.93(0.88-0.97) 0.88(0.85-0.90) 0.024
NC 34.0(32.0-35.0) 33.0(32.0-33.0) 0.258 36.5(35.0-38.0) 37.0(35.0-39.0) 0.460
WHtR 0.55(0.57-0.60) 0.51(0.47-0.56) 0.001 0.50(0.46-0.54) 0.48(0.44-0.52) 0.074

Data are expressed as medians (interquartile range), or numbers (percentages of respondents). Pvalue were calculated based on Mann Whitney test for
continuous variables; and Person chi-square for categorical variable, BMI: body mass index, WC: waist circumference, HP: Hip circumference, NC: neck
circumference, WHtR: waist to height ratio, WHR: waist to hip ratio, BF%:Body fat percentage, VFL: visceral fat level.

Table 3: Adjusted odd ratio for OSA risk stratified by gender.

Female Male
Anthropometric measurements  OR (95% CI) P Value OR (95%Cl) P Value
BMI (kg/m?) 1.080 (1.010-1.156) 0.025 1.071 (0.891-1.286) 0.465
WC (cm) 1.038 (1.006-1.072) 0.021 1.017 (0.954-1.080) 0.580
BF% 1.059 (1.071-1.102) 0.005 1.044 (0.948-1.151) 0.380
VFL 1.231 (1.081-1.402) 0.002 1.126 (0.945-1.341) 0.185
HC (cm) 1.024 (0.996-1.053) 0.096 0.978 (0.911-1.049) 0.531
WHR 1.052 (0.990-1.118) 0.103 1.102 (0.969-1.228) 0.077
WHR 1.062 (0.010-1.117) 0.019 1.106 (0.990-1.235) 0.074

All analyses were adjusted for educational level, years of HIV, smoking, alcohol, cART, CD4 counts and comorbidities. BMI: body mass index, WC: waist
circumference, HP: Hip circumference, NC: neck circumference, WHtR: waist to height ratio, WHP: waist to hip ratio, BF%: Body fat percentage, VFL:
visceral fat level, cART-combination antiretroviral therapy.

Table 4: Cut off values for WC, WHtR and VLF in females for predicting OSA risk.

Variable AOC Cut off Sensitivity (%) Specificity (%) PPV (%) NPV (%) Overall
accuracy
STOP AG
WC (cm) 0.668 80.0 84.6 453 17.8 95.5 51.51
VFL 0.704 7.00 51.3 82.4 29.0 92.3 7148
WHtR 0.663 0.50 82.1 46.4 17.6 94.8 52.38
STOP AG WITH EDS
WC (cm) 0.706 80.0 94.4 43.8 9.2 99.2 46.84
VFL 0.770 5.00 88.9 58.5 11.4 98.9 60.32
WHtR 0.678 0.49 94.4 40.8 8.7 92.2 44.02
STOP AG WITH SSD
WC (cm) 0.700 94.0 50 83.8 17.2 96.1 81.27
VFL 0.695 5.00 75 57.9 10.7 91.2 59.18
WHtR 0.682 0.49 95 40.7 9.7 99.2 44.77

Stop ag is with BMI and neck circumference excluded from STOP BANG. WC: waist circumference, WHtR: waist to height ratio, VFL: visceral fat
level, EDS: excessive day time sleepiness, SSD: short sleep duration.
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Figure 2: ROC curves of anthropometric measures for risk of OSA.
Asstop ag, B- stop ag with excessive daytime sleepiness, C- stop ag with
short sleep duration

previous data on OSA risk among PLHIV is sparse with varying
study designs and methods of assessing OSA risk and diagnosis.
Njoh et al. [23] in Cameroon used a case control design and
Berlin questionnaire to assess the risk of OSA and documented
that PLHIV had higher likelihood of OSA (43.6%) compared
to controls (14%) with adjusted OR of 3.9(95% CI: 1.12-13.80)
after controlling for socio economic status, depression and
smoking. Gutierrez et al. [30] assessed the risk of OSA in a racially
and ethnically diverse cohort of PLHIV using the STOP-BANG
questionnaire, and found that 58% had intermediate to high risk
of OSA. The probable reason for this lower value in this study may
be the different populations studied, and we also excluded NC and
BMI, even though including these parameters merely increases the
percentage to 18.5%.

Conversely, using PSG, in a longitudinal study Chen et.al
documented that incidence rate ratio of OSA was lower in the
HIV group than in the matched controls (1.91 vs. 2.26 per 1,000
person-years, respectively) in the Taiwanese population [31].
In addition, Kunisaki and colleagues, using electronic and self
-reported data documented that 3.99% of HIV infected patients
had a diagnosis of OSA as compared to 12.4% in the HIV
uninfected population [32]. Patilet al. also documented that OSA

J Sleep Disord Ther, Vol.9 Iss.7 No:324

OPEN aACCESS Freely available online

was highly prevalent irrespective of HIV status: 86.7% for HIV
negative; 70.7%, for HIV-positive on treatment and 73.2% for
HIV positive without treatment, despite lower BMI in HIV-positive
groups [22]. Considering these latter studies, which is consonance
with our own; it does appear that PLHIV may not be at increased
risk compared to the general population. The reasons for these
findings remain unclear. Future studies are needed to elucidate
whether HIV positive patients truly have increased risk of OSA.

In this study, we found that WC, WHtR, BMI, BF%, and VFL
were associated with OSA risk after adjusting for demographics
and immunological factors in females while HC and NC were
not associated with OSA risk. The reason for these findings may
not be apparent from this study. It is however plausible that neck
fat distribution does not mediate the risk of OSA in PLHIV. The
risk of OSA may be mediated by other pathogenetic pathways
such as upper airway muscle responsiveness, leptin resistance
and decreased arousability from sleep. Examining these other
factors may not be practical in routine clinical setting. However
more studies will be required among PLHIV to elucidate other
pathogenetic mechanism.

Of particular interest, we found that measures of abdominal
adiposity namely WC, WHtR and particularly VFL consistently
predicted the risk of OSA in females and even after restricting our
analysis to those that have concomitant risk of OSA and excessive
day time sleepiness. It is well known that heterogeneity of fat
deposition may predispose to OSA in the general population. For
instance, Vgonstzas et al. revealed that sleep apnea patients had
a significantly greater amount of visceral fat compared to obese
controls, and indexes of sleep disordered breathing were positively
correlated with visceral fat, but not with BMI or total subcutaneous
fat [33]. Similarly, Liu et al. demonstrated that mesenteric fat
thickness (a component of visceral fat) as measured by ultrasound,
had a positive association with presence of moderate OSA and
severe OSA, with odds ratio of 7.18 and 7.45 for every lcm increase
in mesenteric fat thickness respectively [34].

Our findings have some clinical implications in terms of
management of OSA. Visceral adiposity is an important component
of metabolic syndrome (MS) and there is significant evidence of the
correlation between MS and OSA [35]. The association between
them is complex, not fully elucidated and can be bidirectional.
OSA causes sleep fragmentation that can lead to sleep deprivation,
daytime somnolence, reduced physical activity, and eventually,
weight gain. It is also plausible that insulin resistance, which has
been linked with OSA, may lead to weight gain. On the other
hand, visceral fat accumulation causes higher leptin production
with resistance to said hormone and leading to increase probability
of developing OSA [35]. Evaluating VFL in PLHIV would promote
screening for other metabolic diseases such as diabetes mellitus,
dyslipidemia, and prevent other cardio metabolic diseases as well
as early death

Our findings should be interpreted with some caution in view
of some limitations. First, we relied exclusively on the use of
screening questionnaire to determine the risk of OSA. OSA
screening questionnaires tend to have high sensitivity but poor
specificity, thereby increasing the number of false-positive results.
However, we also evaluate the composite risk of OSA and EDS.
EDS is an important symptom of OSA often prompting patients
to seek medical attention Therefore, incorporating the symptoms
of sleepiness would reduce the occurrence of false positivity and
increase the probability of OSA diagnosis. Second, we measured
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VFL by BIA. BIA may overestimate body fat composition in

comparison to computed tomography, magnetic resonance
imaging, or dual energy Xray absorptiometry; however, it is a
comparatively cheap technique for estimating body composition.
it emits no radiation, requires little or no training and only few
minutes of the participant’s time is required. In conclusion, the
risk of OSA among PLHIV is associated with measures of visceral
adiposity in females and not in males. Sleep is essential and
needed for several neurobiological processes including immune
system modulation. Using OSA screening questionnaires and
simple anthropometric measurements can expedite the diagnosis
and management of OSA and other metabolic diseases. This may
prevent related complication of both HIV and OSA, and greatly

improve the quality of life PLHIV.
ACKNOWLEDGEMENT

We wish to express our sincere gratitude to all PLHIV who
participated in the study for their co-operation. Our heartfelt
thanks to nursing staff HIV unit of Obafemi Awolowo University
Teaching Hospitals Complex, Ile Ife, Osun state, Nigeria.

FUNDING

The authors report no conflict of interest and this research was not
supported by any organization.

REFERENCES

1. Bonsignore MR, Baiamonte P, Mazzuca E, Castrogiovanni A, Marrone
O. Obstructive Sleep Apnea and Comorbidities: a dangerous liaison.

Multidiscip Respir Med 2019;14:8. doi: 10.1186/s40248-019-0172-9.

2. Carberry JC, Amatoury ], Eckert DJ. Personalized Management
Approach for OSA. Chest 2018;153(3): 744-755.

3. Huang T, Lin BM, Markt SC, Stampfer M]J, Laden F, Hu FB, et al.
Sex differences in the associations of obstructive sleep apnoea with
epidemiological factors. EurRespir ] 2018;51(3):1702421. doi:
10.1183/13993003.02421-2017.

4. Heinzer R, Vat S, Marques-Vidal P, Marti-soler H, Andries D,
Tobback N et al. Prevalence of sleep-disordered breathing in the
general population: the HypnoLaus study. Lancet Respir Med 2015;
3(4):310-318.

5. Leger D, Bayon V, Laaban JP, Philip P. Impact of sleep apnea on
economics. Sleep medicine reviews 2012; 16(5):455-462.

6. Fawale MB, Ibigbami O, Ismail I. Risk of obstructive sleep apnea,
excessive daytime sleepiness and depressive symptoms in a Nigeria

elderly population. Sleep sci 2016; 9(2):106-116.

7. Akintunde AA. Snoring and risk of obstructive sleep apnea among
Nigerians with heart failures: prevalence and clinical correlates. Heart

views 2013; 14(1):17-21.

8. Obaseki DO, Kolawole BA, Gomerep SS. prevalence and predictors of
obstructive sleep apnea syndrome in a sample of patients with type 2

Diabetes Mellitus in Nigeria. Niger Med ] 2014; 55(1):24-28.
9. Awopeju OF, Fawale MB, Olowookere SA, Salami OT, Adewole OO,

Erhabor GE. The risk of obstructive sleep apnea and its association
with indices of general and abdominal obesity in a Nigerian family
practice clinic: a cross-sectional study. Alexandria Journal of Medicine

2020; 56(1) 14-20.

10. Akanbi MO, Agaba PA, Ozoh OB, Ocheke AN, Gimba ZM, Ukoli
CO, et al. Obesity and obstructive sleep apnea risk among Nigerians. ]
Med Trop 2017;19:110-115.

11. Ozoh OB, Okubadejo NU, Akinkugbe AO, Ojo OO, Asoegwu CN,

Amadi C, et al. Prospective assessment of the risk of obstructive

J Sleep Disord Ther, Vol.9 Iss.7 No:324

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

21.

28.

OPEN aACCESS Freely available online

sleep apnea in patients attending a tertiary health facility in Sub-
Saharan Africa. Pan Afr Med ] 2014;17:302. doi: 10.11604/
pamj.2014.17.302.2898.

Aragén-Arreola  JF, Moreno-Villegas CA, Armienta-Rojas DA,
De la Herran-Arita AK. An insight of sleep disorders in Africa.
eNeurologicalSci 2016. doi:10.1016/j.ensci.2016.02.006.

Taibi DM. Sleep disturbances in persons living with HIV. Journal of
the Association of Nurses in AIDS Care 2013;24(supplement 1): S72-
S85.

Gamaldo CE, Spira AP, Hock RS, Salas RE, McArthur JC, David
PM, et al. Sleep, function and HIV: a multi-method assessment. AIDS
Behav 2013; 17(8):2808-2815.

Owens RL, Hicks CB. A Wake-up Call for Human Immunodeficiency
Virus (HIV) Providers: Obstructive Sleep Apnea in People Living
With HIV. Clin Infect Dis 2018; 67(3):472-476.

Kapur VK, Auckley DH, Chowdhuri S, Kuhlmann DC, Mehra R,
Ramar K, et al. Clinical Practice Guideline for Diagnostic Testing
for Adult Obstructive Sleep Apnea: An American Academy of
Sleep Medicine Clinical Practice Guideline. ] Clin Sleep Med 2017;
13(3):476-504.

Kim B, Lee EM, Chung YS, Kim WS, Lee SA The utility of three
screening questionnaires for obstructive sleep apnea in a sleep clinic

setting. Yonsei Med ] 2015; 56(3):684-690.

Chung F, Yegneswaran B, Liao P. STOP questionnaire: a tool to
screen patients for obstructive sleep apnea. Anesthesiology 2008;

108(5): 812-821.
Romero-Corral A, Caples SM, LopezJimenez F, Somers VK.

Interactions between obesity and obstructive sleep apnea: implications

for treatment. Chest 2010;137(3):711-719.

Niba LL, Itor PB, Aurelie YKS, Singam FM, Tange EA, Atanga MB, et
al. A Median Analysis of Factors Influencing Body Fatness in Urban
School-Age Children in Cameroon. ] NutrMetab 2019;2019:1856069.
doi: 10.1155/2019/1856069.

Okorodudu DO, Jumean MF, Montori VM, Romero-Corral A, Somers
VK, Erwin PJ, et al. Diagnostic perfomanace of body mass index to
identify obesity as defined by body adiposity: a systemic review and
meta-analysis. Int ] Obes 2010; 34(5):791-799.

Patil SP, Brown TT, Jacobson LP, Margolick JB, Laffan A, Johnson-
Hill L, et al. Sleep Disordered Breathing, Fatigue, and Sleepiness in
HIV-Infected and -Uninfected Men. PLoS ONE 2014; 9(7).

Njoh AA, Mbong EN, Mbi VO, Mengnjo MK, Nfor LN, Ngarka L, et
al. Likelihood of obstructive sleep apnea in people living with HIV in
Cameroon - preliminary findings. Sleep Science and Practice 2017;

1:19.
Abrishami A, Khajehdehi A, Chung F. A systematic review of

screening questionnaires for obstructive sleep apnea. Can ] Anaesth

2010; 57(5): 423-438.

Chung F, Abdullah HR, Liao P. STOP-Bang Questionnaire: A
Practical Approach to Screen for Obstructive Sleep Apnea. Chest
2016; 149(3):631-638.

Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The
Pittsburgh Sleep Quality Index: a new instrument for psychiatric
practice and research. Psychiatry Research 1989; 28(2):193-213.

Rosenthal LD, Dolan DC. The Epworth sleepiness scale in the
identification of obstructive sleep apnea. ] NervMent Dis 2008;
196(5):429-431.

National health and nutrition examination survey. Anthropometry
Procedures Manual. Available online at: http://www.cdc.gov/nchs/
data/nhanes/nhanes_07_08/manual_an.pdf


http://www.cdc.gov/nchs/data/nhanes/nhanes_07_08/manual_an.pdf
http://www.cdc.gov/nchs/data/nhanes/nhanes_07_08/manual_an.pdf

Awopeju OF, et al.

29. Kawaguchi Y, Fukumoto S, Inaba M, Koyama H, Shoji T, Shoji S, et
al. Different impacts of neck circumference and visceral obesity on the
severity of obstructive sleep apnea syndrome. Obesity (Silver Spring)

20115 19(2):276-282.

30. Gutierrez ], Tedaldi EM, Armon C, Patel V, Hart R, Buchacz
K. Sleep disturbances in HIV-infected patients associated with

depression and high risk of obstructive sleep apnea. SAGE Open Med
2019;7:2050312119842268. doi: 10.1177/2050312119842268.

31. Chen YC, Lin CY, Li CY, Zhang Y, Ko WC, Ko NY. Obstructive sleep
apnea among HIV-infected men in the highly active antiretroviral
therapy era: a nation-wide longitudinal cohort study in Taiwan, 2000-

2011. Sleep Med 2020; 65:89-95.

] Sleep Disord Ther, Vol.9 Iss.7 No:324

32.

33.

34.

35.

OPEN aACCESS Freely available online
Kunisaki KM, Akgiin KM, Fiellin DA, Gibert CL, Kim JW, Rimland

D, et al. Prevalence and correlates of obstructive sleep apnoea among
patients with and without HIV infection. HIV Medicine 2015;
16(2):105-113.

Vgontzas AN, Papanicolaou DA, Bixler EO. Sleep apnea and daytime
sleepiness and fatigue: relation to visceral obesity, insulin resistance,

and hypercytokinemia. ] Clin EndocrinolMetab 2000;85:1151e8.
Liu WT, Wu HT, Juang] N, Wisniewski A, Lee HC, Wu D. Prediction

of the severity of obstructive sleep apnea by anthropometric features

via support vector machine. PLoOSONE 2017;12(5)

Reutrakul S, Mokhlesi B. Obstructive Sleep Apnea and Diabetes: A
State of the Art Review. Chest 2017; 152(5):1070-1086.



	Title
	Correspondence to
	ABSTRACT
	INTRODUCTION
	REFERENCES 

