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Abstract
Objective—To determine relationship of echocardiographic measures of pulmonary
hypertension to lung function and inflammatory biomarkers in HIV-infected individuals.

Design—Cross-sectional study of 116 HIV-infected outpatients.

Methods—Doppler-echocardiography and pulmonary function testing were performed. Induced
sputum and plasma cytokines, sputum cell counts and differentials, markers of peripheral T cell
activation, and serum N-terminal pro-brain natriuretic peptide (NT-proBNP) were measured.
Univariate and multivariate analyses determined relationship of echocardiographic variables to
pulmonary function, inflammation, and NT-proBNP.

Results—Mean estimated pulmonary artery systolic pressure (PASP) was 34.3 mmHg (SD 6.9)
and mean tricuspid regurgitant jet velocity (TRV) was 2.5 m/sec (SD 0.32). Eighteen participants
(15.5%) had PASP of at least 40 mmHg, and 9 (7.8%) had TRV of at least 3.0 m/sec. Elevated
TRV was significantly associated with CD4 cell counts below 200 cells/μl and higher log HIV
RNA levels. Forced expiratory volume in one second (FEV1) percent predicted, FEV1/forced vital
capacity (FVC), and diffusing capacity for carbon monoxide (DLco) percent predicted were
significantly lower in those with elevated PASP or TRV. Sputum interleukin-8, peripheral
interleukin-8, peripheral interferon-γ levels, and CD8+ T-cell expression of CD69+ were
associated increased with increasing PASP and TRV. Log NT-proBNP was significantly higher
with increasing PASP and TRV. Left ventricular function was not associated with PASP or TRV.

Conclusions—Echocardiographic manifestations of pulmonary hypertension are common in
HIV and are associated with respiratory symptoms, more advanced HIV disease, airway
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obstruction, abnormal DLco, and systemic and pulmonary inflammation. Pulmonary hypertension
and COPD coexist in HIV and may arise secondary to common inflammatory mechanisms.

Keywords
HIV; pulmonary hypertension; emphysema; COPD; inflammation

Introduction
With the advent of combination antiretroviral therapy (ART), chronic pulmonary disorders
such as obstructive lung disease and pulmonary arterial hypertension (PAH) have become a
more frequent cause of morbidity and mortality in the HIV-infected population. Chronic
obstructive pulmonary disease (COPD), defined as irreversible airflow obstruction,
encompasses both airways obstruction and anatomic emphysema and is associated with an
abnormal inflammatory response [1]. Several studies have shown that HIV is an independent
risk factor for a diagnosis of COPD [2–4]. PAH is also increased in HIV infection with a
pathological or right-heart catheterization diagnosis in 0.5% of HIV-infected individuals [5,
6] and with as many as 35–57 percent of HIV-infected individuals having pulmonary artery
systolic pressures (PASP) above 30 mmHg on echocardiography [7, 8].

Pulmonary hypertension has been linked to COPD in the HIV-uninfected population, but the
relationship between the two diseases has not been documented in HIV infection. In HIV-
uninfected individuals with COPD, pulmonary hypertension has historically been thought to
be primarily due to hypoxemia, but there is actually only a weak correlation of pulmonary
artery pressures with hypoxemia. In addition, elevation of pulmonary artery pressures can be
seen even in individuals with less severe COPD [9, 10]. Biomarkers such as interleukin
(IL)-6, IL-8, and tumor necrosis factor (TNF)-α are increased in individuals with both
COPD and pulmonary hypertension, and systemic and lung inflammation are associated
with both COPD and pulmonary hypertension, suggesting that a common trigger of
inflammation could link the two processes [11, 12].

Given the immune activation and persistent inflammation phenotype associated with HIV
infection, similar changes might drive development of COPD and pulmonary hypertension
in those infected with HIV. We investigated the relationship between non-invasive Doppler-
echocardiographic measures of pulmonary artery systolic pressures and lung function
parameters in a cohort of HIV-infected outpatients and tested the relationship of pulmonary
artery pressures to pulmonary and systemic inflammation.

Methods
Participants

Individuals with documented HIV infection who were 18 years of age or older were
recruited from the University of Pittsburgh HIV/AIDS clinic between July 1, 2007 and April
30, 2010. A description of a subset of the cohort has been published previously [13].
Participants were recruited using posted advertisements, word of mouth, and by use of a
research registry. Exclusion criteria were new or increasing respiratory symptoms within the
past four weeks, fever within the past four weeks, or a contraindication to performing
pulmonary function testing. The University of Pittsburgh IRB approved the protocol, and all
participants signed written informed consent.

Data collection
Demographic and clinical data were collected by participant interview and medical record
review. Variables included age, race, gender, smoking history, alcohol use, intravenous drug
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use (IDU), and antiretroviral use. The most recent CD4+ T-lymphocyte cell count and
plasma HIV ribonucleic acid (RNA) level within three months were recorded.. The lower
limit of detection for the HIV RNA polymerase chain reaction assay was 50 copies/mL.
Combination ART was defined as use of at least three antiretroviral agents from at least two
classes of medications in the past 3 months. Respiratory symptoms were assessed using a
modified version of the American Thoracic Society (ATS) DLD questionnaire [14].

Pulmonary function testing
All participants performed post-bronchodilator spirometry in accordance with ATS
standards [15, 16]. Post-bronchodilator forced expiratory volume in 1 second (FEV1) and
forced expiratory capacity (FVC) were calculated using Hankinson prediction equations
[17]. Diffusing capacity for carbon monoxide (DLCO) percent predicted was calculated
using Neas prediction equations and corrected for hemoglobin and carboxyhemoglobin [18].

Doppler-echocardiography
Echocardiography was performed by a single operator on the same echocardiography
machine (GE-Vingmed Vivid 7, GE Vingmed Ultrasound, Horten, Norway) and read by one
of three cardiologists blinded to participant status. Standard 2D views, pulsed and
continuous wave Doppler measurements were obtained as per the American
Echocardiography Association recommendations [19, 20]. Peak pulmonary artery systolic
pressures (PASP) were estimated by calculating the systolic pressure gradient between the
right ventricle and right atrium by the maximum velocity of the tricuspid regurgitant jet
(TRV) using the modified Bernoulli equation, and then adding to this gradient an estimated
right atrial pressure based on the size of the inferior vena cava and its variation with
respiration [21]. Estimated PASP and TRV were the primary outcomes of interest and were
examined as continuous variables and dichotomized as normal or elevated. We used a
conservative estimate of ≥40 mmHg to define an elevated PASP [7]. An elevated TRV was
defined as ≥3.0 m/sec. In cases where there was not a sufficient tricuspid jet to determine
PASP and TRV and right ventricular size was normal (n=9), we classified PASP and TRV
as normal as individuals with pulmonary hypertension would be expected to have
measurable tricuspid regurgitation and/or increased right ventricle size [7, 22]. Left
ventricular ejection fraction was determined by visual estimate, and diastolic function was
estimated according to standard protocol [23].

Induced sputum analyses
Sputum cell counts and percentages were determined from sputum samples induced with
nebulized 3% saline [24]. Counts were performed as previously described, and samples with
fewer than 30% squamous cells were considered acceptable for interpretation [25].
Cytokines and chemokines were analyzed in induced sputum supernatant using Luminex
(Luminex Corporation, Austin, TX, USA). To minimize chance associations, cytokines and
chemokines were selected based on relevance to pulmonary hypertension, HIV infection, or
COPD and included IL-1β, IL-2, IL6, IL-8, IL-15, TNF-α, interferon (IFN)-γ, fractalkine,
fibroblast growth factor (FGF), macrophage inflammatory protein (MIP)-1α, monocyte
chemotactic protein (MCP)-1, vascular endothelial growth factor (VEGF), fibroblast growth
factor (FGF), and CC chemokine-ligand 5 (CCL-5) [11, 12].

Peripheral blood analyses
The same cytokines and chemokines were measured in plasma using Luminex (Luminex
Corporation, Austin, TX, USA). Plasma N-terminal pro-brain natriuretic peptide (NT-
proBNP) was also analyzed using Roche ProBNP assay kit and Elecsys 2010 according to
the manufacturer’s instructions. Because renal dysfunction can elevate NT-proBNP levels
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[26], we calculated the glomerular filtration rate (GFR) using the Modification of Diet in
Renal Disease equation [27] and excluded participants with a GFR below 60 ml/min per
1.73 m2 from NT-proBNP analyses. In a subset of individuals in whom fresh peripheral
blood mononuclear cells (PBMCs) were available, PBMCs were obtained by venipuncture
and isolated by density gradient centrifugation. Cell surface staining was performed using
fluorochrome-conjugated monoclonal antibodies including isotype controls: fluorescein
isothiocyanate (FITC) anti-CD8; phycoerythrin (PE) anti-CD38, anti-CD25, and anti-CD69;
phycoerythrin-cyanine 7 (PE-Cy7) anti-CD3; and allophycocyanin (APC) CD4 (BD
Pharmingen, San Diego, CA). Flow cytometry was performed on ≥10,000 live cells after
lymphocyte gating using a BD FACS Calibur (BD Biosciences, San Jose, CA).

Statistical analyses
Statistical analyses were performed using Stata version 10 (StataCorp, College Station,
Texas, USA). Distributions of demographic and clinical characteristics were determined for
the entire cohort. Prevalences of an elevated estimated PASP and TRV were calculated.
Associations of demographic and clinical characteristics and respiratory symptoms with
elevated PASP and TRV were then determined using Pearson correlation coefficient,
Wilcoxon ranksum, or t-tests. Viral levels were log-transformed and a value of 49 copies/ml
was used for continuous analyses. Pulmonary function variables (post-bronchodilator FEV1
percent predicted, FEV1/FVC, DLco percent predicted adjusted for hemoglobin and
carboxyhemoglobin) were analyzed by t-tests by elevated PASP and TRV. Stepwise forward
and reverse multivariable logistic regression was then performed to determine the
independent relationship of pulmonary function to echocardiographic measures by including
variables associated with either elevated PASP or TRV with a significance of at least
p=0.05. If strongly correlated variables (i.e. CD4 and HIV RNA levels) were both found to
be significant, the variable with the strongest association was included in multivariable
models.

Relationship of sputum cell counts, sputum cytokines, and plasma cytokines to continuous
values of PASP and TRV were determined using t-tests, Fisher’s exact test, or chi-square
test. Continuous values of PASP and TRV were used in order to improve power to detect
associations. Sputum cytokine levels and plasma cytokine levels were either log-transformed
to approximate normality or dichotomized as detectable or undetectable if no normal
transformation was possible. These values were available in a subset of the cohort (n=93 for
sputum cell counts, n=87 for sputum cytokines, n=114 for plasma cytokines). Relationship
of activated T cells (n=23) to PASP and TRV were performed using Pearson’s correlation.

To test the ability of the plasma cytokines and the presence of respiratory symptoms to
predict an abnormal echocardiography result, we created a prediction variable that combined
the presence of shortness of breath and either an elevated plasma IL-8 or IFN-γ level,
defined as above the median level seen in the cohort. We then calculated the sensitivity,
specificity, and positive and negative likelihood ratios for the presence of shortness of breath
and elevated cytokines for an abnormal PASP or TRV. We also examined the prevalence of
an abnormal PASP or TRV in those with shortness of breath and elevated cytokines
compared to those without shortness of breath or elevated cytokines.

In order to determine the role of left-sided cardiac dysfunction in elevated right-sided heart
pressures, we correlated the lower limit of the ejection fraction and the presence of diastolic
dysfunction with elevated PASP and TRV and with continuous values of PASP and TRV.
To determine if the echocardiographic findings of PASP and TRV were associated with
cardiac strain, we also examined the correlation of the log of plasma NT-proBNP levels to
absolute values of PASP and TRV using the Pearson correlation coefficient in individuals
with GFR of at least 60 ml/min per 1.73 m2 (n=72).
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Results
Description of cohort

One hundred and sixteen individuals completed both pulmonary function testing and
echocardiography. Average age was 47.7 years and 30.2% were female (Table 1). Mean
PASP was 34.3 mm Hg (standard deviation [SD] 6.9) and mean TRV was 2.5 m/sec (SD
0.32). Seventy-seven participants (66.4%) had a PASP (≥30 mmHg) with 18 (15.5%)
meeting criteria for an elevated PASP (≥40 mmHg) and 9 (7.8%) having an elevated TRV
(≥3 m/sec) (Table 1).

Clinical correlates of PASP and TRV
We examined clinical predictors of elevated PASP and TRV. Variables such as age, gender,
race, intravenous drug use, cocaine use, hepatitis, and smoking history were not significantly
associated with elevated PASP or TRV levels (Table 1). Absolute CD4 cell count did not
differ in those with elevated PASP or TRV, but the percentage of individuals with CD4 cell
counts below 200 cells/μl was significantly higher in those with an elevated TRV (33.3% vs.
5.7%, p=0.022). HIV RNA levels were similar in those with an elevated PASP (2.55 vs.
2.10 log10 copies/ml, p=0.10), but were significantly greater in participants with an elevated
TRV (3.15 vs. 2.11 log10 copies/ml, p=0.0032). Having a detectable HIV RNA level tended
to be more common in those with an elevated TRV (55.6% vs. 25.2%, p=0.051). ART use
and use of ritonavir or abacavir were not associated with elevated PASP or TRV. Individuals
with elevated PASP or TRV reported more respiratory symptoms except for phlegm
production (Figure 1).

Relationship of echocardiographic measurements to pulmonary function
Elevated PASP and TRV were significantly associated with worse airflow obstruction by
post-bronchodilator FEV1 percent predicted and FEV1/FVC and with decreased DLco
values in univariate analyses (Figure 2). Multivariate modeling was not performed for PASP
as no other variables were significantly associated with elevated values. In multivariate
analyses of elevated TRV adjusting for CD4 cell count below 200 cells/μl, elevated TRV
was independently associated with FEV1 percent predicted (odds ratio [OR]=0.0007 for
each % decrease, 95% confidence interval [CI]=6.2×10−6 to 0.14, p=0.003), FEV1/FVC
(OR=0.00003 for each % decrease, 95% CI=4.3×10−8 to 0.023, p=0.002, and DLco (OR=
0.001 for each percent decrease, 95% CI=8.4×10−6 to 0.14, p=0.006).

Relationship of inflammation to PASP and TRV
We then examined the relationship of pulmonary artery pressure measurements to
pulmonary and systemic inflammation. Percent sputum neutrophils tended to increase with
increasing TRV (R=0.19, p=0.08), but did not reach statistical significance. Several sputum
and plasma cytokines were associated with pulmonary pressures. Increasing log sputum IL-8
was significantly associated with higher PASP and TRV (R=0.25, p=0.03 for PASP;
R=0.24, p=0.02 for TRV). Log plasma IL-8 was also significantly associated with increasing
PASP and TRV (Figure 3). Log plasma interferon-γ levels were a significant predictor of
higher PASP and TRV (Figure 3). Other sputum and plasma cytokines were not
significantly associated with PASP or TRV (Table 1S). There was a significant correlation
between increasing percentage of CD8+CD69+ T cells and higher PASP (R=0.45, p=0.037)
and higher TRV (R=0.42, p=0.044). There was no relationship between percentages of
CD8+CD38+ or CD8+CD25+ T cells and echocardiographic variables.
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Relationship of respiratory symptoms and cytokine levels to PASP and TRV
In individuals with an abnormal PASP, the sensitivity and specificity of the presence of
shortness of breath combined with either elevated plasma IL-8 or IFN-γ levels were 38.9%
and 81.6%, respectively. The positive likelihood ratio was 2.11 and the negative likelihood
ratio was 0.75. For an abnormal TRV, the sensitivity was 55.6% with a specificity of 81.3%.
The positive likelihood ratio was 2.97, and the negative likelihood ratio was 0.55. In
individuals reporting shortness of breath who had either an elevated plasma IL-8 or IFN-γ,
28.0% had an abnormal PASP and 20.0% had an abnormal TRV. In those without shortness
of breath or elevated plasma cytokines, only 6.9% had an abnormal PASP and 3.5% had an
abnormal TRV.

Measurements of cardiac function
Because HIV infection has previously been associated with increased left-sided heart failure
that might in part lead to elevated pulmonary artery pressures [28–30], we examined the
relationship of ejection fraction and diastolic dysfunction to PASP and TRV. Only 2
participants had an ejection fraction of 40% or lower, and there was no association of the
lower limit of the ejection fraction with absolute values of PASP (p=0.53) and TRV
(p=0.61) or elevated PASP and TRV (mean ejection fraction 57% vs. 57%, p=0.85 for PASP
and 57% vs. 57%, p=0.90 for TRV). There was no relationship between either absolute
values of PASP or TRV and presence of diastolic dysfunction (mean PASP 34.5 mmHg
without diastolic dysfunction vs. 32.7 mmHg with diastolic dysfunction, p=0.32; mean TRV
2.5 m/sec without diastolic dysfunction vs. 2.4 m/sec with diastolic dysfunction, p=0.37).
Individuals with elevated PASP or TRV were no more likely to have diastolic dysfunction
than those without (11.1% with elevated PASP vs. 14.3% with normal PASP, p=0.72; 0%
with elevated TRV vs. 15.0% with normal TRV, p=0.21)

To determine if right-sided echocardiographic pressures indicated the presence of cardiac
strain, we measured systemic NT-proBNP levels in participants with a GFR greater than 60
mL/min per 1.73 m2 (n=72). There was a significant positive correlation of the log of the
NT-proBNP levels with both PASP (R=0.29, p=0.01) and TRV (R=0.25, p=0.03). Mean log
NT-proBNP levels were not associated with the lower level of the ejection fraction (p=0.48)
or with diastolic dysfunction (p=0.36).

Discussion
This study documents a high prevalence of echocardiographic manifestations of pulmonary
hypertension in a cohort of HIV-infected outpatients and is the first to link signs of
pulmonary hypertension with impaired lung function in HIV infection. We found that
increasing pulmonary pressures were significantly associated with both worsening airflow
and lower DLco. In addition, we determined that both sputum and peripheral inflammation
are related to higher PASP and TRV and that NT-proBNP increases with increasing
pressures. Individuals with an elevated PASP or TRV were also more likely to report
respiratory symptoms and those with an elevated TRV were also more likely to have lower
CD4 cell counts and higher HIV RNA levels. Signs of left-sided heart failure were not
correlated to signs of right-sided pressure.

There was a high prevalence of elevated PASP in our cohort. The prevalence of pulmonary
hypertension in HIV has been estimated to be 0.5 percent based on pathology and
catheterization studies [5, 6], but a study examining echocardiography in a clinic-based
cohort of HIV-infected individuals found that 35 percent had a PASP of at least 30 mmHg
and 6.6% of at least 40 mmHg [7]. Another recent study reported that 57 percent of HIV-
infected individuals had pulmonary artery pressures greater or equal to 30 mmHg and 7
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percent had pressures greater than or equal to 40 mmHg [8]. In the current study, we found
an even greater prevalence of elevated PASP. This increase was not due to other risk factors
such as intravenous drug use, hepatitis, or smoking as these characteristics were either
comparable or less common in our cohort. It is possible that other differences between the
cohorts accounted for the increased prevalence.

We also discovered a high prevalence of elevated TRV. Few studies of echocardiography in
HIV infection have reported the TRV, but a TRV of 2.5 m/second or greater is a marker for
mortality in at-risk populations such as those with sickle cell disease [31]. Using the
conservative estimate of an elevated TRV as at least 3.0 m/second, we had a similar
prevalence as that seen in some sickle cell populations [31]. Although we do not have
mortality data in our cohort, participants with an elevated TRV had increased respiratory
symptoms suggesting that this finding is clinically relevant. Our findings indicate that the
presence of shortness of breath in association with inflammation has a reasonable specificity
for the presence of an elevated TRV on echocardiogram and that abnormal
echocardiographic findings are uncommon in those without shortness of breath and low
cytokine levels.

The relationship of pulmonary hypertension to various HIV-related variables has been
debated. HIV-associated pulmonary hypertension appears to develop at all stages of HIV.
Although not all studies have found a relationship of CD4 cell counts or HIV RNA levels to
pulmonary hypertension, one study found that pulmonary hypertension documented by right
heart catheterization was increased in individuals with CD4 cell counts below 200 cells/μl
[6, 7]. We also found that participants with elevated TRV were more likely to have a CD4
cell count below 200 cells/μl. Individuals with an elevated TRV also had significantly
higher HIV RNA levels, suggesting that more advanced immunodeficiency may play a role
in disease development, possibly secondary to chronic immune activation. Data on the
relationship of pulmonary hypertension to ART use has been conflicting. While some
studies have found improvements in pulmonary hemodynamics with ART or no relationship
with ART, others have found increased risk with certain agents [6, 32–34]. We did not find
any associations of PASP and TRV with antiretroviral therapy in general or with specific
use of abacavir or ritonavir as previously reported [8].

This study is the first to demonstrate that elevations in pulmonary artery pressures measured
by echocardiography are independently associated with lung function in HIV-infected
individuals. This association included both spirometry measurements and DLco values. The
findings linking pulmonary pressures and lung function abnormalities have direct clinical
implications for the care of HIV-infected individuals. Pulmonary hypertension in the setting
of COPD in the HIV-uninfected population is related to an increased risk of severe
exacerbations, increased utilization of health resources, and decreased life expectancy [35–
37]. In addition, studies have documented that elevated pulmonary artery pressures in COPD
are associated with an increased mortality, independent of severity of lung disease [38].
These studies suggest that HIV-infected individuals with both obstructive lung disease and
elevated pulmonary artery pressures are a high-risk group.

The causal direction of the association of pulmonary hypertension and COPD is unknown.
While pulmonary hypertension is associated with decreases in DLco, the thickening and
obliteration of vasculature that lead to these decreases would not be expected to result in
decrements of the airway measures of FEV1 and FEV1/FVC. Alternatively, it is possible that
COPD leads to elevation of pulmonary pressures. In the HIV-uninfected population, airway
obstruction has been associated with elevation in pulmonary artery pressures [39].
Furthermore, treatment of acute COPD exacerbations has been associated with improvement
in right ventricular dysfunction [40]. In the HIV-uninfected population, the relationship of
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COPD to pulmonary hypertension has historically been thought to be primarily due
hypoxemia. The participants in our cohort generally had mild obstructive disease and none
were using oxygen, so this mechanism seems unlikely. In addition, the link of pulmonary
hypertension with hypoxemia in COPD has been questioned; and in fact, vascular changes
of pulmonary hypertension can be seen in HIV-uninfected COPD patients with milder lung
function impairment [9, 10]. It has been suggested that a common underlying process could
drive pathogenesis of these processes.

One possible link of COPD and pulmonary hypertension that is particularly relevant to HIV
is inflammation. Both systemic and pulmonary inflammation have been implicated in the
pathogenesis of pulmonary hypertension as well as COPD. In addition, chronic immune
activation is common in HIV and has been associated with progression to AIDS and with
end-organ damage such as cardiovascular disease [41–46]. Although ART lessens immune
activation, levels do not return to normal, particularly in persons with a suboptimal response
[47].

We found increased pulmonary and systemic inflammation correlated with measures of
pulmonary hypertension in our cohort. The findings of elevated sputum IL-8, plasma IL-8,
and plasma IFN-γ levels in association with higher pulmonary artery pressures suggest that
inflammation could be involved in the pathogenesis of pulmonary hypertension in HIV
infection. Lung and peripheral concentrations of IL-8 have been linked to severity of airway
obstruction in the HIV-uninfected population, and plasma levels are also associated with
cardiovascular disease and pulmonary hypertension [48–50]. IFN-γ overproduction results
in emphysema in a mouse model [51], and IFN-γ is also increased in human COPD [52].
We also found that CD8+ T cell expression of CD69, an early activation marker in HIV, was
associated with increasing PASP and TRV. Although CD38+ and CD25+ activation markers
were not upregulated, we may have lacked power to detect these associations. Activated T
cells, particularly CD8+ cells, are seen during the chronic immune activation associated with
HIV, but have not previously been reported in HIV-associated pulmonary hypertension.
Triggers of this inflammation in HIV-infected individuals with pulmonary hypertension
could include the virus itself, bacterial antigens from microbial translocation, or presence of
co-infections such as cytomegalovirus or hepatitis. Our findings suggest that immune
activation and inflammation might link pulmonary hypertension and COPD in HIV
infection, and that inflammatory pathways or triggers of inflammation could be targeted as
novel treatments of pulmonary hypertension in HIV.

One limitation of our study is that pulmonary artery pressures were measured by
echocardiography. Although the correlation of echocardiographic measurements with right
heart catheterization findings may be variable, it is likely that the findings are clinically
significant. HIV-infected individuals with elevated estimated PASP and TRV had more
complaints of respiratory symptoms despite similar smoking histories as those with normal
values, and the correlation of echocardiographic findings with pulmonary function,
inflammation, and elevated NT-proBNP suggests that these variables are clinically relevant.
In addition, in the sickle cell population, a TRV above 2.5 m/second has been shown to
predict mortality [31]. Taken together, these findings suggest that HIV-infected individuals
with echocardiographic signs of pulmonary hypertension may be at risk not only for
progression of pulmonary hypertension, but also potentially for other serious outcomes.

Other limitations include the possibility that we may have lacked sufficient power to detect
additional significant associations with sputum and peripheral cytokines or with activated
peripheral T cells, and it is possible that other aspects of inflammation are related to
pulmonary artery pressures in this population. Nonetheless, our data are the first to link
pulmonary vascular disease to an inflammatory phenotype in HIV, and future work should
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investigate the detailed immune response associated with pulmonary vascular disease as
well as potential triggers. There may also have been other covariates that affected
pulmonary pressures that we could not detect that might also have been related to pulmonary
function. Finally, this analysis is a cross-sectional study, and we do not know how elevated
pulmonary pressures in the setting of COPD influence long-term outcomes.

In summary, this study is the first to link echocardiographic signs of pulmonary
hypertension to lung function impairment in HIV-infected individuals. We found that
abnormal estimated PASP and TRV are common in an HIV-infected outpatient cohort and
associated with more advanced HIV disease. There was a strong association of PASP and
TRV values with both airway obstruction and diffusing capacity abnormalities. The
association with peripheral and pulmonary inflammation implies that a common trigger of
inflammatory pathways might drive progression of both PAH and COPD. Given data in
HIV-uninfected populations linking pulmonary hypertension in COPD to excess mortality
and morbidity, the current findings in HIV-infected individuals indicate that this population
may be particularly at risk and future studies should examine the effects of these diseases on
health outcomes.
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Figure 1.
Percentage of participants reporting respiratory symptoms compared by A. Normal or
elevated pulmonary artery systolic pressures (≥40 mm Hg) and B. Normal or elevated
tricuspid regurgitant velocity (≥3.0 m/sec).
Abbreviations: PASP, pulmonary artery systolic pressure; TRV, tricuspid regurgitant
velocity
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Figure 2.
Comparison of pulmonary function values for HIV-infected individuals with A. Normal or
elevated pulmonary artery systolic pressures (≥40 mm Hg) and B. Normal or elevated
tricuspid regurgitant velocity (≥3.0 m/sec) showing significantly worse pulmonary function
in those with elevated echocardiographic pressures.
Abbreviations: PASP, pulmonary artery systolic pressure; TRV, tricuspid regurgitant
velocity
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Figure 3.
Relationship of peripheral cytokines to PASP and TRV.
Abbreviations: IL, interleukin; IFN, interferon; PASP, pulmonary artery systolic pressure;
TRV, tricuspid regurgitant velocity.
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Table 1

Demographic and clinical characteristics of HIV-infected participants.

Characteristic Overall, n=116 Elevated PASP n=18 Elevated TRV n=9

Age, mean years (SD) 47.7 (9.3) 50.8 (4.1) 46.8 (4.1)

Male, n (%) 81 (69.8) 11 (61.1) 5 (55.6)

Race/ethnicity, n (%)

White 60 (51.7) 9 (50.0) 3 (33.3)

African-American 51 (44.0) 9 (50.0) 6 (66.6)

Hispanic 5 (4.3) 0 0

HIV risk factor, n (%)

MSM 54 (46.6) 8 (44.4) 4 (44.4)

Heterosexual 38 (32.8) 4 (22.2) 3 (33.3)

Other or unknown 24 (20.7) 6 (33.3) 2 (22.2)

Hepatitis ever, n (%) 15 (13.0) 2 (11.1) 1 (11.1)

ART use, n (%) 103 (88.8) 15 (83.3) 7 (77.8)

Ever smoker, n (%) 95 (81.9) 14 (77.8) 45 (86.5)

Current smoker, n (%) 64 (55.2) 11 (61.1) 7 (77.8)

IDU in past 6 months, n (%) 1 (0.86) 0 0

CD4 cell count, median cells/μl, (range) 578 (24–1798) 644 (24–1493) 606 (24–1213)

CD4 cell count below 200 cells/μl, n (%) 9 (7.8) 3 (16.7) 3 (33.3)*

Mean log10 HIV viral level, (SD) 2.18 (1.04) 2.55 (1.36) 3.15 (0.95)*

Detectable HIV viral level, n (%) 32 (27.6) 6 (33.3) 5 (55.6)

Abbreviations: ART, antiretroviral therapy; IDU, intravenous drug use; MSM, men who have sex with men; PASP, pulmonary artery systolic
pressure; SD, standard deviation; TRV, tricuspid regurgitant velocity. Abnormal PASP defined as at least 40 mm Hg and abnormal TRV defined as
at least 3.0m/sec. Detectable HIV viral level defined as less than 50 copies/ml.

*
p=0.022 for comparison of CD4 cell count below 200 cells/μl in elevated and normal TRV; p=0.0032 for comparison of log10 HIV RNA level in

elevated and normal TRV.
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