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Abstract

Background—To determine whether markers of systemic inflammation are associated with the 

presence of moderate-to-severe obstructive sleep apnea (OSA), and whether this association 

differs based on HIV and HIV treatment status.

Methods—HIV-uninfected men (HIV−; n=60), HIV-infected men receiving HAART (HIV+/

HAART; n=58), and HIV-infected men not receiving HAART (HIV+/ No HAART; n=41) 

underwent polysomnograpy and measurement of plasma levels of TNF-alpha, soluble TNF-alpha 

receptors I and II (sTNFRI and sTNFRII) and IL-6. The relationship between moderate-severe 

OSA (respiratory disturbance index ≥15 apnea/hypopnea events/hour) and inflammatory markers 

was assessed with multivariable regression models.

Results—Compared to the HIV− men, HIV+/HAART men and HIV+/No HAART men had 

higher levels of TNF-alpha, sTNFRI, and sTNFRII, independent of age, race, smoking status, 

obstructive lung disease (OLD), and BMI. Moderate-to-severe OSA was present in 48% of the 

sample (HIV−:57%; HIV+/HAART: 41%; HIV+/No HAART: 44%). Among the HIV+/No 

HAART men, but not in the other groups, TNF-alpha, sTNFRII, and IL-6 levels were higher in 

those with moderate-severe OSA compared to men with no-to-mild OSA after adjustment for age, 

race, smoking status, OLD, and BMI. Within this group, the association of high TNF-alpha 

concentrations with moderate-severe OSA was also independent of CD4 cell count and plasma 

HIV RNA concentration.

Conclusions—Compared to HIV-infected men on HAART and HIV-uninfected men, markers 

of systemic inflammation were higher in HIV-infected men not receiving HAART. In these men, 

TNF-alpha was significantly related to obstructive sleep apnea, independent of HIV-related 

covariates.
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INTRODUCTION

Effective antiretroviral therapy has dramatically reduced morbidity and mortality among 

HIV-infected patients, such that a greater number of HIV-infected individuals are dying 

from non-AIDS comorbidities.1,2,3 While the etiology of these comorbidities is varied, a 

common mechanistic link is persistent systemic inflammation and immune activation. With 

the initiation of HAART, inflammatory markers decrease, but remain elevated compared to 

HIV-uninfected individuals.4,5 Elevated levels of inflammatory markers in HIV-infected 

populations have been associated with increased mortality,6,7 and other non-AIDS diseases 

including cardiovascular disease8 and diabetes.9

Obstructive sleep apnea (OSA) has also been associated with systemic inflammation in the 

general population.10 While adiposity particularly in the neck and upper abdomen leads to 

mechanical alterations in upper airway function, adipose tissue secretes inflammatory 

markers, such as TNF-alpha and IL-1 beta which may impair neuromuscular responses to 

airway obstruction, further predisposing to upper airway collapse.11,12,13 Furthermore, 

inflammatory markers are associated with OSA independent of adiposity and may be due to 

hypoxemia-induced oxidative stress.10,14,15,16

Little is known about whether an association exists between OSA severity and inflammation 

in HIV-infected persons. In a sub-study of the Multicenter AIDS Cohort Study (MACS) 

named SIESTA (Study of Immunes Effect on Sleep, HIV Treatment, and Apnea) we found a 

high prevalence of OSA regardless of HIV-status, and regardless of HAART treatment.15 

Interestingly, OSA was associated with higher waist circumference and trunk fat in the 

HAART-treated men, but not in the HIV-infected men who were not receiving HAART. In 

an exploratory analysis in a subset of this group, we found that moderate-severe OSA 

(defined as a respiratory disturbance index (RDI) ≥ 15 events/hour) was independently 

associated with higher serum hsCRP and higher plasma HIV RNA concentrations. These 

findings raised the possibility that inflammation may be related to OSA in untreated, HIV-

infected persons. In this investigation, our aim was to extend our previous findings to 

determine whether blood levels of other inflammatory markers (specifically TNF-alpha, 

soluble TNF-alpha receptors I and II [sTNFRI and sTNFRII], and IL-6, all reportedly 

elevated in HIV infection and/or OSA5,14,17) were associated with moderate-severe OSA in 

the SIESTA cohort, particularly among HIV-infected men not receiving HAART.

METHODS

Study Population

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 Baltimore/Washington and Pittsburgh sites of the Multicenter 

AIDS Cohort Study (MACS)18 were recruited for this analysis, as previously described.15 

HAART was defined according to the DHHS/Kaiser Guidelines.19 Men who had not 

received HAART in the previous 12 months were permitted to enroll into the HIV+/No 

HAART group. All qualified participants signed written informed consents after institutional 

review board approval of study protocol and forms.
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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. Serum for measurement of inflammatory markers was collected at 7am on 

the morning after polysomnogram. Other data and specimens were derived 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), and T-cell 

subsets determined by flow cytometry.20 Hepatitis B infection was defined by Hepatitis B 

positivity at most recent measurement (e.g. most recent Hepatitis B Surface antigen positive 

or most recent Hepatitis B viral load positive). Hepatitis C infection was defined by 

Hepatitis C RNA positivity before or at the time of visit.

Study Procedures

Polysomnography Testing—Standard overnight polysomnography was carried out as 

previously described.15 OSA severity was characterized by the respiratory disturbance index 

(RDI). The RDI was defined as the total number of apneas or hypopneas per hour of sleep. 

Apnea was defined as a >90% reduction in thermistor-based airflow for at least 10 seconds. 

Hypopnea was defined as a > 30% reduction in airflow for at least 10 seconds, which was 

accompanied by an electroencephalographic arousal or a drop in SaO2 of 4% or more.21 

Significant OSA was defined as an RDI ≥ 15 events/hour, which is considered moderate-

severe OSA and represents a clinically important threshold at which treatment may be 

considered.22,23

Inflammatory marker Measurement Methods

Plasma samples, frozen at −80 degrees Celsius at time of collection, were pulled from 

repository and forwarded to the Johns Hopkins Bayview Advanced Chemistry Laboratory in 

Baltimore, MD. Markers (including TNF-alpha, soluble TNF-alpha receptors I and II 

(sTNFRI and sTNFRII) and IL-6) were measured by ELISA by R&D Systems, Minneapolis, 

MN. Sensitivity, intra-assay and inter-assay variation (expressed as percent coefficient of 

variation), are expressed in sequence for individual cytokines is as follows: TNF-alpha (0.48 

pg/ml, 1.87%, 11.07%), sTNFRI (0.77 pg/ml, 1.31%, 8.95%), sTNFRII (0.60 pg/ml, 2.55%, 

5.93%), and IL-6 (0.40 pg/ml, 2.19%, 9.79%). Values were measured in duplicate and 

averaged for analysis.

Statistical Analyses

Participant characteristics in the 3 groups were compared using the nonparametric testing for 

continuous variables and chi-squared testing for categorical variables, with post-hoc 

pairwise comparisons as appropriate.

To determine whether the concentrations of inflammatory markers differed by group, 

unadjusted concentrations in each of the 3 groups were compared using Kruskall-Wallis 

testing. Multivariable generalized gamma regression was then used to compare the 
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percentile values of inflammatory markers in each of the two HIV-infected groups to the 

HIV-uninfected men (reference group) because of the non-normal distribution of the 

inflammatory markers.24 The relative percentile (RP), obtained from exponentiating the β 

coefficient, represents the shift in the distribution of the inflammatory markers compared to 

the reference; for example, a RP of 2 means that the levels in a given group are twice as high 

as those in the reference group. Since the shape and scales of the distributions were held 

constant, this shift applies to the entire distribution, and not just the center, i.e., average or 

median. Models were adjusted for age, race, BMI, smoking status (current, former, never), 

and obstructive lung disease (OLD) (defined via the Global initiative for Obstructive Lung 

Disease (GOLD) cutoff of a forced expiratory volume in 1 second (FEV1) to forced vital 

capacity (FVC) ratio of less than 70%)25, with exclusion of participants for missing data 

(n=3). Post-bronchodilator testing was not available.

Potential differences in demographic factors, treatment-related variables, and inflammatory 

markers between those with and without moderate-severe OSA in each group defined by 

HIV and treatment status were evaluated using Wilcoxon-rank sum and chi-squared tests. 

Multivariable regression was then used to compare the relative percentiles of inflammatory 

markers according to the presence of moderate-severe OSA and stratified by group defined 

by HIV and treatment status (using the HIV-uninfected men with no-mild OSA as the 

reference group).

The association between individual inflammatory markers and moderate-severe OSA was 

further explored in the HIV+/No HAART group via bivariate logistic regression models 

with each of the potential confounding variables. Given the non-normality of their 

distributions, inflammatory markers were dichotomized as “high” or “low” with respect to 

the median level of each inflammatory marker.

Statistical analyses were performed using Statistical Analysis Software (SAS, version 9.2).

RESULTS

Study Population Characteristics (Table 1)

The study population consisted of 159 men; 60 HIV negative (HIV−), 58 HIV-infected on 

HAART (HIV+/HAART), and 41 HIV-infected not on HAART (HIV+/no HAART). Mean 

ages were similar in all groups, with the exception of the HIV+/no HAART group which 

was significantly less than in the HIV− group (p<0.05). Race distribution was similar across 

groups. Both HIV+ groups had a lower average BMI, compared to the HIV− group 

(p<0.01). There was no significant difference in prevalence of OLD or smoking status 

between groups defined by HIV status. The percentage with suppressed HIV RNA levels 

(below 50 copies/mL) differed between the HAART and no HAART groups (91% versus 

17%, respectively; p<0.01), while CD4 cell counts did not differ significantly. Hepatitis C 

status differed significantly between the three groups, with the highest percentage in the 

HIV/no HAART group.

The prevalence of moderate-to-severe OSA, as defined by a RDI ≥15 events per hour, was 

similar across groups, ranging from 41% in the HIV+/HAART group (n=24) to 57% in the 
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HIV− group (n=34) (p=0.19 for difference between no HAART group and other groups), as 

previously described.15 When only men with a BMI < 25 kg/m2 were evaluated, there was a 

higher prevalence of OSA in the HIV+/no HAART group (50%, n=22) as compared to 25% 

for the HIV− group (n=20) and 24% for the HIV+/HAART group (n=29), though these 

differences were not statistically significant (p=0.10).

Markers of Systemic Inflammation

Table 1 shows the unadjusted inflammatory marker levels and their distribution by HIV 

status and HAART treatment. TNF-alpha and sTNFRII values were significantly higher in 

both HIV+ groups versus the HIV− group. The values for these two markers were also 

significantly higher in the HIV+/No HAART group as compared to the HIV+/HAART 

group. No significant differences were found for IL-6 or sTNFRI. After adjustment for age, 

race, smoking status, OLD, and BMI, TNF-alpha, sTNFRI, and sTNFRII levels were all 

significantly higher in the two HIV+ groups than in the HIV− group (Figure 1, p≤0.01). In 

addition, the TNF-alpha and sTNFRII levels were significantly higher in the HIV+/No 

HAART group as compared to the HIV+/HAART group.

Relationship of Inflammatory Markers to Obstructive Sleep Apnea

Table 2 shows the characteristics and unadjusted inflammatory marker concentrations of 

each group stratified by the presence or absence of moderate-severe sleep apnea. In both of 

the HIV− and HIV+/HAART groups, those with moderate-severe sleep apnea had a 

significantly higher median BMI compared to those with no-mild OSA. Advanced age was 

also significantly associated with moderate-severe OSA in the HIV+/HAART group. In the 

HIV− group, sTNFRII levels, but not other inflammatory markers, were significantly higher 

in those with moderate-severe OSA group compared to those with no-mild OSA, while in 

the HIV+/No HAART both TNF-alpha and sTNFRII were significantly higher in those with 

moderate-severe (versus no-mild OSA). Also in the HIV+/No HAART group, those with 

moderate-severe OSA had a higher percentage with HIV-RNA > 10K copies/ml, were older, 

and had increased levels of IL-6 compared to those with no-mild OSA, but these differences 

were of borderline significance (0.05<p<0.10).

We then compared the distributions of the inflammatory markers in each group defined by 

HIV status dichotomized by the presence or absence of moderate-severe OSA, using the 

HIV-uninfected men without moderate-severe OSA as a reference group. Analyses were 

adjusted for race, age, smoking status, OLD, and BMI (Figure 2). In the HIV− men, 

inflammatory marker concentrations were similar, regardless of OSA status. In the HIV+/No 

HAART men both with and without moderate-severe OSA, TNF-alpha and sTNFRII 

concentrations were higher than the HIV− reference group (no-mild OSA), whereas IL-6 

concentrations were higher than the reference group in the HIV+/No HAART group with 

moderate-severe OSA. Among the HIV+/no HAART men, TNF-alpha, sTNFRII, and IL-6 

concentrations were significantly higher in the moderate-severe OSA group than the no-mild 

OSA groups. In the HIV+/HAART group, men both with and without moderate-severe OSA 

generally had similar concentrations of inflammatory markers to the HIV− men with no-

mild OSA, with the exception of sTNFRI and sTNFRII, both of which were higher in the 

HIV+/HAART group with no-mild OSA (p=0.02 and p<0.01, respectively).
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Exploratory Analysis in the HIV+/No HAART group

We undertook a series of exploratory analyses using logistic regression to better understand 

the relationship between inflammatory markers and moderate-severe OSA in the HIV+/No 

HAART group. High TNF-alpha (above the median) (OR 5.94, 95%CI: 1.52, 23.18; p=0.01) 

and sTNFRII (OR 3.75, 95% CI: 1.02, 13.80; p=0.05) levels were significantly associated 

with moderate-severe OSA, whereas there was no significant association with sTNFRI or 

IL-6. The presence of HIV RNA > 10,000 copies/ml was the only factor apart from the 

inflammatory cytokines that was associated with moderate/severe OSA in univariate 

analyses (OR 4.04, 95% CI: 1.07, 23.17; p=0.01).

We then used bivariate logistic regression to evaluate the relationships between 

inflammatory markers and the presence of moderate/severe OSA, adjusting for individual 

demographic and HIV-related variables. High TNF-alpha levels were significantly 

associated with an increased odds of moderate-severe OSA both with and without 

adjustment for individual variables. The effect was strengthened by adjustment for smoking 

status (OR 7.09, 95%CI: 1.65, 30.40: p<0.01) and was only slightly attenuated by 

adjustment for the presence of HIV RNA > 10,000 copies/mL (OR 4.36, 95% CI: 1.03, 

18.53: p=0.05). The significant association of high sTNFRII level with moderate-severe 

OSA persisted after individually adjusting for race, BMI, smoking status, OLD, CD4 count, 

and HIV duration. The effect size persisted, but with borderline significance, when adjusting 

separately for age (OR 3.54, 95% CI:0.93, 13.52; p=0.06), HIV viral load >100K (OR 3.36, 

95% CI: 0.34,9.85, p=0.08) and prior HAART exposure (OR 3.85, 95% CI: 0.91,16.18; 

p=0.07), and was non-significant with adjustment for HIV viral load>10K. Neither high 

sTNFRI level nor high IL-6 level were associated with an increased odds of moderate-severe 

OSA (p> 0.05 in all analyses).

DISCUSSION

In this sub study of the MACS, elevated levels of the inflammatory markers TNF-alpha, 

sTNFRII, and IL-6 were associated with moderate-severe sleep apnea in HIV-infected men 

not on HAART therapy. Importantly, after adjustment for multiple HIV-related variables, 

the association between TNF-alpha and OSA remained significant, suggesting an 

independent effect. These novel findings suggest a link between systemic inflammation and 

obstructive sleep apnea in untreated HIV-infected persons, although a causal role cannot be 

established in this study.

Systemic inflammation has also been associated with OSA in the general population, but a 

direction of the association is not clear. Several studies in HIV-uninfected individuals have 

demonstrated association between OSA and higher levels of inflammatory markers, 

including CRP, IL-6, and TNF-alpha, independent of obesity.26,27,28 Meta-analyses have 

demonstrated that treatment of OSA with CPAP decreases levels of inflammatory 

markers.29,30 Karamanli et al. demonstrated that CPAP treatment decreased levels of 

inflammatory markers in exhaled breathing condensates, but not consistently in the serum.31 

Conversely, Vgontzas et al. showed that HIV-uninfected individuals treated with etanercept, 

a direct TNF-alpha inhibitor, demonstrated significant reductions in daytime sleepiness and 
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OSA severity in a placebo-controlled, double-blind study.32 These findings suggest a causal 

role for inflammation in the pathogenesis of obstructive sleep apnea.

Although the association between TNF-alpha and OSA has been described in the general 

population,26,33,34,35 these studies variably examined total and regional adiposity, one of the 

major sources of TNF-alpha and a potential confounder in the described relationship.36,37 

Among HIV-infected men not receiving HAART, the source of TNF-alpha is less likely to 

be adipose tissue,15 but rather activated immune cells. We hypothesize that elevated 

inflammatory markers(e.g. TNF-alpha) resulting from immune activation in untreated HIV-

infected patients centrally depress neuromuscular control of the upper airway, leading to 

airway collapse and OSA.11 The importance of TNF-alpha as a causative agent is also 

supported by a recent genetic study in the general population showing that a polymorphism 

which leads to increased transcription of the TNF-alpha gene (TNF-α-308/GA) increases the 

risk of developing OSA.38 Our hypothesis regarding the relationship between TNF-alpha 

and OSA in untreated HIV-infection can be specifically tested by evaluating the effect of 

HAART initiation on OSA severity, as HIV treatment is consistently associated with 

reductions of TNF- alpha and its soluble receptors.5,39,40 It is unclear why moderate-severe 

OSA in the HIV-uninfected and HIV+/HAART groups was not associated with increased 

inflammation. It is conceivable that if higher levels of TNF-alpha lead to reduced airway 

control, then there might be a threshold level of TNF-alpha below which no association is 

present. In other words, it is possible that the plasma TNF-alpha concentration must be 

above a certain level before a central effect on neuromuscular control of the upper airway 

occurs and an association between TNF-alpha and OSA can be detected.

There are several limitations in our current study. Our sample size was small and therefore 

not powered to detect subtle differences in inflammatory markers between groupsMen not 

on HAART varied in their past exposure to HAART, but prior HAART was not related to 

the presence of moderate-severe OSA. Our study included men only and cannot be applied 

to women, who may have different inflammatory marker responses. Furthermore, our study 

was cross-sectional, and therefore not designed to examine the effects of HAART initiation 

or therapy for obstructive sleep apnea.

For the first time, we demonstrate a significant link between inflammatory markers and 

obstructive sleep apnea in a population of untreated HIV-infected individuals. Given the 

known relationship between OSA and increased morbidity and mortality due to 

cardiovascular disease, stroke, and diabetes, as well as significant impairment in quality of 

life,41 treatment of OSA in people with HIV is important. It is possible that reduction is 

inflammation may provide a new target for treatment of OSA. Our findings also suggest that 

HIV and its treatment might provide a suitable model to better understand the contribution 

of systemic inflammation on the pathogenesis of OSA.
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Figure 1. Inflammatory marker levels vary by HIV and HAART status
Relative percentiles (RP) of inflammatory marker levels and 95 percent confidence intervals 

in HIV+ men (HAART (H) and no HAART (no H) groups) as compared to HIV− men 

(reference group, indicated by a horizontal line at 1.0), adjusted for age, race, smoking 

status, OLD, and BMI in a generalized gamma model. RPs are interpreted as follows: the 

relative percentile is the multiplicative factor by which the group of interest differs from the 

reference group. For example, a RP of 2 means that the levels are twice as high as those in 

the reference group. (* p < 0.05 vs. HIV−; ^ p <0.05 vs. HIV+/No HAART)
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Figure 2. Inflammatory marker levels vary by OSA category when men are stratified by HIV 
and HAART status
This figure displays relative percentiles of inflammatory marker levels by HIV and OSA 

groups using the HIV− with no to mild OSA (RDI<15) group as a reference. Generalized 

gamma models adjusted for age, race, and BMI. HIV− = uninfected men with 

moderatesevere OSA; H=HAART; no H=no HAART. Vertical lines represent 95 percent 

confidence intervals. (* p < 0.05 vs. HIV−, no to mild OSA; ^ p <0.05 vs. HIV status-

matched, no to mild OSA group).
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Table 1
Study Population Characteristics

Continuous variables compared using Kruskall-Wallis testing. Categorical values compared using chi-squared 

analysis. Values with “±” and number following represent mean ± standard deviation. Respiratory Disturbance 

Index (RDI) is defined as the total number of apneic or hypopneic events per hour of total sleep time. Table as 

previously seen in: Brown et al. (2010)19.

HIV− HIV+/no HAART HIV+/HAART P-value

Demographics

  n 60 41 58

  Age (years) 54 ± 9 49 ± 8 51 ± 8a 0.02

  Race (non-black), n(%) 25 (42%) 16 (39%) 28 (58%) 0.62

  BMI (kg/m2) 28.6 ± 7.2 25.4 ± 4.1 25.5 ± 4.5ab <0.01

  Obstructive lung disease, n(%) 6 (10) 9 (23)Ϯ 10 (18)* .45

Smoking

  Never, n(%) 11(18%) 6(15%) 16(28%)

  Former, n(%) 27(45%) 18(44%) 26(45%) .47

  Current, n(%) 22(37%) 17(41%) 16(28%)

HIV-Related Demographics

  HIV RNA <50 copies/ml, n(%) 4 (10%) 47 (81%) <0.01

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

  Yrs from HAART initiation - - 7.5 ± 2.8

  HAART-naïve, n(%) - 21 (51%) -

HIV Treatment Regimen

  PI-based, n(%) - 3 (7%) 30 (53%)

  NNRTI-based, n(%) - 0 (0%) 23 (40%)

  3 NRTIs, n(%) - 0 (0%) 3 (5%)

Coinfection

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

  Hepatitis C Positive 8 (13%) 13 (32%) 12 (21%) <0.01

Polysomnography

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

Prevalence of Mod-Sev OSA

  n (%) 34 (57%) 19 (44%) 24 (41%) 0.19

  BMI< 25 kg/m2, n (%) 5 of 20 (25%) 11 of 22 (50%) 7 of 29 (24%) 0.10

Inflammatory marker levels (pg/ml)

  TNF-alpha, median (IQR) 2.2 (0.7) 5.2 (4.1)a 2.7 (1.7)ab <0.01

  sTNFRI, median (IQR) 2013 (1086) 2149.6 (1115) 2148 (1292) 0.37
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HIV− HIV+/no HAART HIV+/HAART P-value

  sTNFRII, median (IQR) 4662 (2004) 6936 (2717)a 5409 (2909)ab <0.01

  IL-6, median (IQR) 1.2 (1.7) 1.5 (1.6) 1.4 (1.6) 0.46

a
=p<0.05 vs HIV− Group.

b
=p<0.05 vs HIV+/No HAART Group.

Ϯ
=(n=39).

*
=(n=57)
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