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Abstract
Background—Body mass index (BMI), waist circumference (WC) and neck circumference (NC)
are important screening tools for sleep disordered breathing (SDB). However, the utility of
anthropometry for this purpose has not been evaluated among HIV-infected patients.

Methods—HIV-uninfected men (HIV−; n=60), HIV-infected men receiving highly active
antiretroviral therapy (HIV+/HAART; n=58), and HIV-infected men not receiving HAART (HIV+/
No HAART; n=41) from the Multicenter AIDS Cohort Study underwent a nocturnal sleep study and
anthropomorphic assessment. Moderate-severe SDB was defined as an apnea/hypopnea event rate
≥15 episodes/hour. Receiver operating characteristic (ROC) curves were used to compare the ability
of different anthropometric measurements to predict SDB within each group.

Results—Moderate-severe SDB was found in 48% (HIV−:57%; HIV+/HAART: 41%; HIV+/No
HAART−: 44%). The performance of BMI, WC, and NC to predict SDB was excellent among the
HIV− men (ROC areas-under-the curve (AUC): 0.83, 0.88, 0.88, respectively) and fair among the
HIV+/HAART group (AUCs: 0.71, 0.77, 0.77, respectively). In contrast, these measurements had
no predictive value in the HIV+/No HAART group (AUCs: 0.43, 0.41, 0.45, respectively). Moreover,
in the HIV+/No HAART group, moderate-severe SDB was independently associated with serum C-
reactive protein ≥3.0 mg/L (Odds Ratio (OR) 6.9; p=0.04) and HIV RNA > 10,000 copies/ml (OR
7.1; p=0.05).

Conclusions—BMI, waist circumference, and neck circumference had better predictive value for
moderate-severe SDB in HIV-uninfected men compared to HIV-infected men, and had no value
among HIV-infected men not receiving HAART. Among this latter group, systemic inflammation
may contribute to the pathogenesis of SDB.
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Introduction
Sleep disordered breathing (SDB), also known as obstructive sleep apnea, has a prevalence of
4% in men and 2% in women in the general population [1], and 40% in moderately overweight
men [2]. It is associated with increased morbidity and mortality due to cardiovascular disease,
stroke, and diabetes, as well as significant impairment in quality of life[3]. Obesity is the most
important clinical risk factor for SDB, and measures of body fat composition, including body
mass index (BMI), waist circumference, neck circumference, and visceral fat have all been
used as predictors of clinically significant SDB [4–7].

Body composition abnormalities, including subcutaneous fat wasting (lipoatrophy) and central
fat accumulation (lipohypertrophy), are common among HIV-infected patients and are
attributable, at least in part, to the effects of highly active antiretroviral therapy (HAART).
Exposure to thymidine analogue nucleoside reverse transcriptase inhibitors, such as stavudine
and zidovudine, is closely associated with the development of lipoatrophy, whereas the
pathogenesis of lipohypertrophy is not clear and is likely multifactorial [8]. Visceral fat is
increased among non-obese HIV-infected patients compared to HIV-uninfected subjects of
similar BMI [9], and in certain HIV-infected patients with a normal BMI, fat may accumulate
in the cervical and dorsocervical areas [10]. Because of these body composition changes, the
relationships between various measurements of adiposity and SDB may be different in HIV-
infected patients compared to HIV− uninfected populations.

The goals of this study, therefore, were to examine the relationship between fat distribution
and SDB in HIV-uninfected and HIV-infected men, and to test the predictive value of specific
measures of anthropometry using a well-characterized cohort of men with or at risk for HIV
infection. Because of the associations between SDB and cardiovascular disease, diabetes
mellitus, and hypertension as well as reduced quality of life, it is important for HIV clinicians
to know whether tools that are used to screen for this prevalent condition in the general
population are adequate in HIV-infected patients. In this way, patients can be appropriately
referred for overnight polysomnography and specific treatment can be instituted, if necessary.

Methods
Study Population

Participants were recruited from the Baltimore/Washington and Pittsburgh sites of the
Multicenter AIDS Cohort Study (MACS) [11] into three groups: HIV-uninfected men (HIV
−), HIV-infected men receiving HAART (HIV+/HAART), and HIV-infected men not
receiving HAART (HIV+/No HAART). HIV-serostatus was assessed by enzyme-linked
immunosorbent assay at each semi-annual MACS visit, with positive results confirmed by
Western blot. HAART was defined according to the DHHS/Kaiser Guidelines[12] as: (a) two
or more nucleoside reverse transcriptase inhibitors (NRTIs) in combination with at least one
protease inhibitor (PI) or one non-nucleoside reverse transcriptase inhibitor (NNRTI); (b) one
NRTI in combination with at least one PI and at least one NNRTI; (c) a regimen containing
ritonavir and saquinavir in combination with one NRTI and no NNRTIs; and (d) an abacavir
or tenofovir containing regimen of three or more NRTIs in the absence of both PIs and NNRTIs.
Combinations of zidovudine (AZT) and stavudine (d4T) with either a PI or an NNRTI were
not considered HAART. Men who had not received HAART in the previous 12 months were
allowed into the HIV+/No HAART group.

Sampling methods
At the time of recruitment for the present study (2005–2008), 327 HIV− and 297 HIV+ men
[243 receiving HAART and 54 not receiving HAART] were under observation at the
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Baltimore/Washington site. All HIV+/No HAART and random samples of HIV+/HAART and
HIV− men of similar age and race were invited through a mailed letter to participate. Because
of the scarcity of HIV+/No HAART men at the Baltimore/Washington site, additional such
men (n=9) were recruited from the Pittsburgh site through 2008 and were studied in Baltimore.
Interested candidates were screened for eligibility, with the following exclusion criteria: a)
history of schizophrenia, b) acute infectious central nervous system disease, c) unstable
cardiovascular disease in the past 3 months, d) uncontrolled hypertension, e) renal failure on
dialysis, f) history of cirrhosis, g) use of supplemental oxygen, h) a history of upper airway
surgery, including uvulopalatopharygoplasty, laser assisted uvuloplasty, and
maxillomandibular advancement. The institutional review boards at each site approved study
protocols and forms, and each participant provided written informed consent.

Study Protocol
Participants were admitted to the Johns Hopkins General Clinical Research Center between 6–
8 pm and a polysomnography study to assess sleep and breathing was conducted between 11
pm and 7 am. On the following morning, participants underwent neck circumference
measurement and dual-energy x-ray absorptiometry (DXA). Data and specimens from the
MACS visit closest to the sleep study visit were used (median interval between MACS visit
and sleep study visit: 4 days [Interquartile Range (IQR); 0, 39 days]); these data included
demographic and HIV treatment information, HIV serostatus, plasma HIV RNA concentration
(Amplicor HIV Monitor Assay, Roche Diagnostics, Nutley, NJ), T-cell subsets determined by
flow cytometry, and clinician-assessed abnormalities in body composition, waist and hip
circumference measurements as previously described [13]. A subset of the participants had
serum levels of C-reactive protein (CRP) measured at a previous MACS visit (median duration
between time of CRP measurement and the sleep study visit: 137 days [IQR: 14, 207 days]).
CRP was assessed by the high sensitivity nephelometric method at Quest Diagnostics
(Baltimore, MD), by which values > 3.0 mg/L are considered elevated.

Study Procedures
Polysomnography Testing—Continuous polygraphic recordings (EMBLA; Broomfield,
CO) of a modified electrocardiographic (V6) lead, right and left electro-oculographic leads,
submental and bilateral anterior tibialis surface electromyograms, and two
electroencephalographic leads (C3-A2, O1-A2) were performed. Respiration was monitored
by a nasal pressure transducer and oronasal thermocouples (Dymedix; Shoreview, MN) and
breathing effort was recorded using thoracic and abdominal inductive plethysmography
(EMBLA; Broomfield, CO). Continuous recording of the oxyhemoglobin saturation (SaO2)
was obtained with an oximeter (XPOD; Nonin, Plymouth, MN).

Apnea was defined as complete cessation of airflow for at least 10 seconds. Hypopneic events
were defined as a discernable reduction in airflow lasting for at least 10 seconds, which was
accompanied by an electroencephalographic arousal or a drop in SaO2 of 4% or more. The
respiratory disturbance index (RDI) was defined as the total number of apneic or hypopneic
events per hour of total sleep time. Significant sleep disordered breathing was defined as an
RDI ≥ 15 events/hour, which is considered moderate-severe SDB and represents a clinically
important threshold at which treatment may be considered[14,15].

Body Composition Measurements—Height was measured with 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 or an examination gown. Waist and hip
circumferences were measured with the participant in a standing position using the protocol
established in the 3rd National Health and Nutrition Examination Survey [16], as previously
described [17,18]. Neck circumference was measured inferior to the laryngeal prominence and
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perpendicular to the long axis of the neck, with the participant seated and the head in the
Frankfurt horizontal plane[19].

Whole body DXA to assess whole-body and regional fat composition (trunk fat, extremity fat)
was performed using a Hologic 4500A machine with QDA4500A software version 9.03
(Hologic Inc, Waltham, MA). Regional fat distribution was assessed using the ratio of trunk
fat to extremity fat [20,21].

Lipoatrophy of the face, buttocks, legs, and face and lipohypertrophy of the abdomen and
dorsocervical region has been assessed by trained clinicians at each semi-annual MACS visit
since April 1999, as previously described [13,22]. “Mild” was defined as “only noted after
close inspection”. “Moderate” was defined as fat changes “noticed by the clinician without
specifically looking for them”. “Severe” was defined as fat changes “easily noted by a casual
observer.” Data from the MACS visit closest to the sleep study visit were used for this analysis.

Statistical Analysis—ANOVA and chi-square testing were used to compare continuous
and categorical variables, respectively, among the 3 groups. Pairwise comparisons of the
groups using the Bonferroni test were performed if the overall ANOVA p-value was < 0.05.
Between-group differences in RDI were assessed with Wilcoxon non-parametric testing
because of the skewed distribution of this variable. Spearman’s correlation testing was
performed between each body composition variable and RDI within each group to determine
univariate associations. Receiver operating characteristic (ROC) curves [23] were used to
determine the ability of each anthropometric variable to discriminate moderate-severe SDB
from absent or mild SDB. The area-under the curve (AUC) was calculated for each ROC curve
and compared with the AUCs of other body composition measurements within each group. In
an exploratory analysis, multivariable logistic regression was used to identify factors associated
with SDB in the HIV+/No HAART group. All analyses were conducted with STATA 8.2
(College Station, TX). Seven subjects were missing data on waist circumference, hip
circumference, or neck circumference. These values were imputed using group-specific linear
regression equations and the non-missing anthropometric variables for that individual. Similar
results were obtained when these subjects were included or excluded from analysis (data not
shown).

Results
Subject Characteristics, sleep findings, and body composition

One-hundred fifty-nine men participated in the study (Table 1). The HIV-uninfected men
tended to be older than the HIV-infected men, whereas the racial distribution was similar among
the groups. The HIV-infected groups had similar absolute CD4 T-cell counts, but, as expected,
a larger proportion of the HIV+/HAART group had a viral load < 400 copies/mL compared to
the No HAART group.

The median RDI was higher in the HIV-uninfected group compared to the two HIV-infected
groups (p=0.09), as was the proportion of participants with moderate-severe SDB (RDI ≥ 15
events/hour). BMI was greater in HIV-uninfected men compared to the HIV-infected groups,
as were waist and neck circumferences (Table 1). The waist:hip ratio was highest among the
HIV+/HAART group, with the other two groups being similar.

DXA scans were performed in 152 (96%) of the participants. As was the case for BMI, average
total fat was significantly higher in the HIV-uninfected group than in the two HIV-infected
groups. A similar pattern was observed for trunk fat, but the differences among the groups were
not statistically different. On average, the HIV+/HAART group had less extremity fat than the
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HIV-uninfected group, but a similar amount to the HIV+/No HAART group. Thus, the mean
trunk to extremity fat ratio was higher in the HIV+/HAART men than in the other groups.

By examiner assessment, moderate-severe lipoatrophy was present in 29% (n=17) of the HIV
+/HAART group, 12% (n=5) of the HIV+/No HAART group, and 5% (n=3) of the HIV-
uninfected group (p=0.001). The proportion of men with moderate-severe lipohypertrophy was
similar among the three groups in both the abdomen (HIV+/HAART: 34%; HIV+/No HAART:
28%; HIV-uninfected: 39%; p=0.50) and the dorsocervical area (7%, 3%, 5%, respectively;
p=0.60).

Associations between Body Composition Measurements and Respiratory Disturbance Index
Among the HIV-uninfected men, waist circumference, neck circumference, and BMI showed
excellent correlation with RDI (Spearman’s rho: 0.60–0.67) (Table 2). DXA variables showed
similar correlations, with trunk fat having the highest coefficient (0.69). Among the HIV+/
HAART group, correlations were of lesser magnitude and anthropometry was slightly more
correlated than DXA (Table 2). Notably, DXA-derived extremity fat was positively associated
with RDI in the HIV+/HAART group, providing evidence against an association between
lipoatrophy and SDB. Among the HIV+/No HAART group, none of the body composition
variables as assessed either by examiner or by DXA was significantly associated with RDI.

Prediction of Sleep Disordered Breathing using Anthropometry and Dual-Energy X-ray
Absorptiometry

ROC analysis was used to determine the performance of body composition measurements in
discriminating moderate-severe SDB from absent or mild SDB. Of the DXA-derived
measurements, we selected trunk fat for analysis because of its strong association with RDI in
the correlative analysis.

Among the HIV-uninfected men, body composition measurements predicted moderate-severe
SDB very strongly, with AUCs between 0.80–0.89 (Table 3). Waist circumference, neck
circumference, and DXA-derived trunk fat showed the best performance (AUC 0.88–0.89).
Among the HIV+/HAART group, AUCs were lower (0.70–0.77), with waist circumference
and neck circumference having the highest AUCs. In contrast, the performance of all body
composition measurements in the HIV+/No HAART group was no better than chance (AUCs
0.41–0.54) (Figure 1). Similar patterns in the AUCs among the three groups were observed
when lower RDI cutpoints were used: for 5 events/hour (HIV−: 0.68–0.80; HIV+/HAART:
0.69–0.72; HIV+/No HAART: 0.47–0.53) and for 10 events/hour (HIV−: 0.79–0.84; HIV+/
HAART: 0.70–0.75; HIV+/No HAART: 0.43–0.52). Because of the differences in BMI
between the HIV-uninfected and HIV-infected groups, we conducted sensitivity analyses
including (1) only those with a BMI< 30 kg/m2 (n=127) and (2) only those with a BMI < 25
kg/m2 (n=71) and similar patterns in the AUCs among the three groups were observed (data
not shown).

Exploratory Analyses in the HIV+/No HAART Group
Because of the unexpected finding of the lack of association between adiposity and SDB in
the HIV+/No HAART group, we undertook an exploratory analysis to characterize this group
and identify predictors of SDB. Subject characteristics of the HIV+/No HAART group are
presented in Table 5, stratified by the presence or absence of moderate-severe SDB. Those
with moderate-severe SDB were of similar age, race, and BMI as those with absent or mild
SDB. Despite similar CD4 cell counts, those with moderate-severe SDB were more likely to
have HIV RNA > 10,000 copies/mL (p=0.04) and tended to have higher serum CRP
concentrations (p=0.06). Conversely, the median RDI in those with HIV RNA > 10,000 copies/
mL was greater than in those with HIV RNA ≤10,000 copies/mL (19.1 events/h (IQR:8.3, 25.9)
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vs 5.9 events/h (IQR:2.5, 17.8, p=0.03))(Figure 2). In the 20 men in the No HAART group
who were previously HAART-exposed, the median (IQR) time since HAART exposure was
2.4 (1.1, 5.4) years and the median duration of HAART exposure was 3.7 (0.5, 6.2) years.
Neither time since HAART, nor duration of previous HAART was associated with a high CRP
(data not shown). Those with previous HAART exposure had similar median CRP levels to
those without previous HAART exposure (1.9 vs 0.8 mg/L, p=0.27) and had a similar
prevalence of high CRP (39% vs 33%, p=0.73).

In a multivariable analysis among the 36 of 41 HIV+/No HAART subjects in whom all data
were available, moderate-severe SDB was significantly associated with having a CRP ≥ 3.0
mg/L (Odds Ratio (OR) 6.9; 95% Confidence Interval (CI) 1.1, 43.1; p=0.04) and HIV RNA
> 10,000 copies/ml (OR 7.1; 95% CI:1.0, 50.6; p=0.05), after adjustment for age, race, and
BMI. Adjustment or stratification based on a previous history of HAART use yielded similar
relationships between moderate-severe SDB and CRP ≥ 3.0 mg/L and HIV RNA > 10,000
copies/ml (data not shown).

With these findings, we investigated the possibility of association between moderate-severe
SDB and CRP ≥ 3.0 mg/L or HIV RNA > 10,000 copies/ml in the HIV+/HAART group. While
42% of this group had a high CRP, the presence of CRP ≥3.0 mg/L was not related to moderate-
severe SDB (p=0.66). Similarly, those with a HIV RNA > 10,000 copies/ml (n=3, 5%) were
no more likely to have moderate-severe SDB, compared to those with lower HIV RNA
concentrations (p=0.8), although the power of this analysis was limited.

Discussion
In this study of men in the MACS cohort, we found that anthropometric measurements,
including BMI, waist circumference, and neck circumference, were excellent predictors of
moderate to severe SDB among HIV-uninfected men, almost as predictive in HIV-infected
men receiving HAART, and not at all predictive among HIV-infected men not being treated
with HAART.

Among the HIV-uninfected men, the prevalence of moderate-severe SDB was high and closely
related to measures of adiposity. In SDB, excess central adiposity leads to a more collapsible
upper airway due to an increased mechanical load and a loss of neuromuscular control of the
pharynx[24]. In previous studies of HIV-uninfected cohorts, ROC analysis of anthropometric
variables yielded AUCs in the 0.88–0.94 range, indicating excellent discriminatory
performance for RDI frequency> 5 events/hour[4,25,26]. In the present study, which used a
cutoff of 15 events/hour, we found comparable AUCs ranging from 0.80–0.89 for
anthropometric measures: however, AUCs using the cutpoints of 5 and 10 events/hour were
lower. In addition, similar to other studies[7,27,28], the association of waist and neck
circumference measurements to SDB severity was stronger predictor than BMI, and
emphasizes the important influence of fat distribution on the association between adiposity and
SDB.

The prevalence of SDB was high among the HIV-infected men receiving HAART, despite the
relatively low average BMI in this group. Few studies have investigated the risk of SDB among
HIV-infected patients. Lo Re et al reported a series of 12 HIV-infected patients who were found
to have RDI ≥ 5 events/hour, most of whom had a neck circumference > 40 inches and BMI
> 25 kg/m2, demonstrating the expected association between upper body obesity and SDB
[29]. In our group of HAART-treated men, waist and neck circumference were the strongest
predictors of SDB among the body composition parameters measured. Moreover, we found
that relative fat distribution, as estimated by trunk:extremity fat ratio or waist:hip ratio, was
less associated with SDB than absolute measurements. In contrast, lower extremity fat was not
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associated with SDB in HAART-treated men, providing evidence against the possibility that
lipoatrophy is a risk factor for SDB.

The most striking finding in the present study was the lack of association between body
composition measurements and SDB among the HIV-infected men not receiving HAART.
Both simple anthropometry and DXA-derived measurements performed no better than chance
for the prediction of moderate-severe SDB, even though the average BMI in this HIV-infected
group was similar to that in the HAART-treated group. This finding suggests that other factors
besides adiposity or fat distribution mediate SDB in this population. In an exploratory analysis,
we found that high CRP and high HIV viral load were independently associated with moderate-
severe SDB. Although preliminary, these findings may suggest that uncontrolled HIV-
infection and the resulting systemic inflammation may contribute to the pathogenesis of SDB
in this population.

In previous studies in HIV-uninfected subjects, higher levels of inflammatory markers,
including CRP, IL-6, and TNF-α, have been associated with SDB[30–32]. It is unclear,
however, whether systemic inflammation is a cause, consequence, or a confounded correlate
of SDB. SDB is associated with increased sympathetic activation, hypoxia, and oxidative
stress, all of which can amplify the inflammatory response[33]. The finding of reduced
systemic inflammation after treatment of SDB with continuous positive airway pressure
suggests that inflammation can be a consequence of SDB[34]. Conversely, there is evidence
that inflammation may be causative. It has been proposed that the somnogenic effects of
inflammatory cytokines[35,36] may also compromise neuromuscular control of the upper
airway and increase the likelihood of pharyngeal collapse[24]. Supportive clinical evidence
comes from a randomized, placebo-controlled trial in which the TNF-α inhibitor, entanercept,
was associated with reduced sleepiness and RDI, as well as decreased serum levels of IL-6
[37].

Another potential explanation for the lack of association between body composition and SDB
in the HIV-infected men not receiving HAART is upper airway obstruction resulting from
adenotonsillar hypertrophy. A cross-sectional study of 134 HIV-infected patients in the pre-
HAART era used a sleep questionnaire to identify 14 cases of probable sleep disordered
breathing, of whom SDB was confirmed in 9 patients on subsequent PSG testing[38]. Eight of
these cases were found to have tonsillar hypertrophy on physical examination and in two of
these cases the SDB improved after tonsillectomy. The prevalence of tonsillar hypertrophy in
those patients who did not receive PSG testing was not reported. Nevertheless, the authors
conclude adenotonsillar hypertrophy is a risk factor for sleep apnea. In our study, an
otolaryngologic examination was not performed and it is possible that adenotonsillar
hypertrophy contributed to the SDB in those not receiving HAART and that this also correlated
with higher viral load and increased systemic inflammation. This possibility should be
investigated in further studies.

Our study has several additional limitations. First, we used DXA to measure regional adiposity.
Although DXA gives a precise measurement of fat, it cannot differentiate between visceral and
subcutaneous adiposity. Further investigation of body composition and SDB in HIV-infected
persons should include CT or MRI, which can measure visceral adiposity. Second, CRP
measurements were available only in a subset of participants and were not concurrent with the
sleep study. Next, because of the small sample size, our exploratory analysis of predictors of
sleep disordered breathing in HIV-infected subjects not receiving HAART should be
considered preliminary and requires confirmation in a larger cohort. Finally, our study included
only men, which limits the generalizability of the findings.
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Because of SDB is prevalent and is associated with an increased risk of cardiovascular disease
and reduced quality of life, the identification of patients who have SDB and who may benefit
from intervention is important in the clinical setting. Clinicians should be aware that HIV-
infected patients with normal anthropomorphic measurements, particularly those not receiving
HAART, may have clinically significant SDB. In addition, the association between SDB and
systemic inflammation in the setting of uncontrolled HIV-disease may have important
implications for the pathogenesis of SDB in HIV-infected patients. Further studies are required
to clarify the relationship between adiposity, inflammation, and SDB in HIV-infected patients
and to investigate whether antiretroviral therapy can impact parameters of SDB.
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Figure 1.
Receiver Operating Characteristic (ROC) Curves Demonstrating the Discriminatory
Performance of Anthropometric Measures (BMI, waist circumference, neck circumference) to
Predict Significant Sleep Disordered Breathing (Respiratory Disturbance Index (RDI) ≥ 15
events/hour) in HIV-seronegative men (a), HIV-infected, HAART-treated men (b), and HIV-
infected, not receiving HAART (c)
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Figure 2.
Respiratory Disturbance Index (apneic or hypopneic events/hour) in HIV-infected Men Not
Receiving Highly Active Antiretroviral Therapy (n=41), stratified by HIV RNA ≤ or > 10,000
copies/mL (line represents median RDI in each group).
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Table 1

Subject Characteristics

HIV− HIV+

HAART No HAART p

N 60 58 41

Age (yrs)* 54 (9) 51 (8) 49 (8)b 0.02

White, n (%) 25 (42%) 28 (58%) 16 (39%) 0.62

HIV RNA < 400 copies/mL, (%) 52 (91%) 7 (17%) <0.0001

CD4 (cells/mm3) - 583 (306) 518 (287) 0.27

Hepatitis B Positive 1 (2%) 2 (3%) 2 (5%) 0.65

Hepatitis C Positive 13 (22%) 12 (21%) 15 (38%) 0.12

HIV Treatment Regimen

 PI-based, n (%) - 30 (53%) 3 (7%)

 NNRTI-based, n (%) - 23 (40%) 0 (0%)

 3 NRTIs, n (%) - 3 (5%) 0 (0%)

Years from HAART initiation - 7.5 (2.8) -

HAART− naïve, n (%) 21 (51%)

Polysomnography Variables

 RDI median (IQR) 18 (6,29) 11 (4,21) 11 (4,24) 0.09*

 RDI ≥ 15 events/hour, n (%) 34 (57%) 24 (41%) 18 (44%) 0.19

Anthropometric Measurements

 BMI (kg/m2) 28.6 (7.2) 25.5 (4.5)a 25.4 (4.1)b 0.003

 Waist circumference (cm) 98.6 (16.9) 93.8 (11.5) 91.8 (12.8) b 0.04

 Neck circumference (cm) 40.8 (3.5) 39.9 (3.2) 39.0 (2.3) b 0.02

 Waist:Hip Ratio 0.96 (0.08) 0.99 (0.06) 0.95 (0.06)c 0.02

DXA Measurements n=55 n=56 n=40

 Total Fat (kg) 22.8 (11.9) 18.4 (9.2) a 18.5 (10.1) 0.05

 Trunk Fat (kg) 13.3 (7.3) 11.8 (5.7) 10.8 (5.8) 0.16

 Extremity Fat (kg) 8.9 (4.6) 6.0 (3.9)a 7.1 (4.5) 0.002

 Trunk: Extremity Fat Ratio 1.5 (0.35) 2.3 (0.95)a 1.7 (0.67)c < 0.001

Biomarkers n=24 n=55 n=36

 CRP ≥ 3.0 mg/L, n (%) 1 (4%) 23 (42%) a 13 (36%) b 0.004

a
: HIV− vs HIV+/HAART+, p<0.05;

b
HIV− vs HIV+/HAART−, p<0.05,

c
HIV+/HAART+ vs HIV+/No HAART−, p<0.05, by Bonferroni test for continuous variables if p-value < 0.05 for overall ANOVA

*
by Kruskall-Wallis testing

Values represent means (standard deviation) unless otherwise noted

Respiratory Disturbance Index (RDI) is was defined as the total number of apneic or hypopneic events per hour of total sleep time

Antivir Ther. Author manuscript; available in PMC 2010 September 27.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Brown et al. Page 14

Table 2

Univariate associations between Body Composition Measurements and Respiratory Disturbance Index
(Spearman’s correlations (rho))

HIV− HIV+

HAART No HAART

Anthropometric Measurements

BMI (kg/m2) 0.60 c 0.49 b −0.08

Waist (cm) 0.67 c 0.56 c −0.09

Neck (cm) 0.62 c 0.52 c −0.17

Waist:Hip Ratio 0.55 c 0.54 c −0.01

DXA Measurements

Total Fat (kg) 0.67 c 0.47 b −0.09

Trunk Fat (kg) 0.69 c 0.47 b −0.06

Extremity Fat (kg) 0.64 c 0.41 a −0.14

Trunk:Extremity Fat Ratio 0.33 a −0.03 0.05

a
p<0.05;

b
p<0.001;

c
p<0.0001
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Table 3

Receiver Operating Characteristic Areas Under the Curve (AUC) and 95% Confidence Intervals (CI) Evaluating
the Performance of Body Composition Measurements to Discriminate Clinically Significant Sleep Disordered
Breathing (Respiratory Disturbance Index ≥ 15 events/hour)

HIV− HIV+/HAART HIV+/No HAART

AUC (CI) AUC (CI) AUC (CI)

BMI (kg/m2) 0.83 (0.73, 0.94) 0.71 (0.57, 0.86) 0.43 (0.25, 0.61)

Waist (cm) 0.88 (0.79, 0.97) 0.77 (0.65, 0.90) 0.41 (0.26, 0.64)

Neck (cm) 0.89 (0.80, 0.98) 0.77 (0.64, 0.89) 0.45 (0.27, 0.63)

Waist: Hip 0.80 (0.68, 0.93) 0.75 (0.62, 0.88) 0.54 (0.35, 0.7.3)

Trunk Fat by DXA (kg) 0.88 (0.80, 0.98) 0.70 (0.56, 0.84) 0.47 (0.28, 0.65)
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Table 4

Characteristics of HIV-infected/No HAART group stratified by the presence of sleep disordered breathing
(Respiratory Disturbance Index (RDI) ≥ 15 events/hour)

RDI < 15 RDI ≥ 15 p

n 23 18

Age (years) 47 (9) 51 (7) 0.13

Race (n non-Black (%)) 14 (56% ) 11 (44%) 0.99

BMI (kg/m2) 25.7 (4.2) 25.1 (4.1) 0.64

CD4 cell count (cells/mm3) 531 (321) 503 (244) 0.76

HIV Duration (yrs) 7.5 (7) 9.1 (8.2) 0.51

HIV RNA > 100K copies/ml, n (%) 3 (13%) 5 (28%) 0.24

HIV RNA > 10K copies/ml, n (%) 9 (41%) 13 (59%) 0.04

HAART Naïve, n (%) 13 (57%) 8 (44%) 0.44

CRP: Median (IQR) 0.8 (0.6, 1.7) 3 (1, 4.5) 0.06

N=21 N=15

Values represent means (standard deviation), unless otherwise noted
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