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Abstract

Introduction—The disease spectrum for HIV-infected individuals has shifted towards co-morbid
non-AlIDS conditions including chronic lung disease, but quantitative image analysis of lung
disease has not been performed.

Objectives—To quantify the prevalence of structural changes of the lung indicating emphysema
or fibrosis on radiographic examination.
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Methods—A cross-sectional analysis of 510 HIV-infected participants in the multi-center Lung-
HIV study was performed. Data collected included: demographics, biological markers of HIV,
pulmonary function testing, and chest CT examinations. Emphysema and fibrosis-like changes
were quantified on CT images based on threshold approaches.

Results—In our cohort: 69% was on antiretroviral therapy, 13% had a current CD4 cell count
less than 200 cells/pL, 39% had an HIV viral load greater than 500 copies/mL, 25% had at least a
trace level of emphysema (defined as >2.5% of voxels <-950HU). Trace emphysema was
significantly correlated with age, smoking, and pulmonary function. Neither current CD4 cell
count nor HIV viral load was significantly correlated with emphysema. Fibrosis-like changes were
detected in 29% of the participants and were significantly correlated with HIV viral load (Pearson
correlation coefficient = 0.210, p<0.05); current CD4 cell count was not associated with fibrosis.
In multivariable analyses including age, race, and smoking status, HIV viral load remained
significantly correlated with fibrosis-like changes (coefficient = 0.107, P = 0.03).

Conclusion—A higher HIV viral load was significantly associated with fibrosis-like changes
possibly indicating early interstitial lung disease, but emphysematous changes were not related to
current CD4 cell count or HIV viral load.
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Introduction

Pulmonary complications have been associated with human immunodeficiency virus (HIV)
infection from the beginning of the acquired immunodeficiency syndrome (AIDS)
epidemic.14 Chronic lung diseases and other co-morbid non-AIDS conditions are now
associated with a relatively increased number of deaths in persons with HIV as life
expectancy increases due to improved HIV treatment and education.>-2 Numerous
publications have provided pictorial essays illustrating common radiographic findings
related to the lung and HIV infection or AIDS.2:10-20 Some of the most common
radiographic findings in both the pre-antiretroviral therapy (ART) era and ART era include
emphysema,?1-27 focal air trapping,2® pulmonary infiltrates, 1102329 glveolar
consolidation,11:30:31 nodules,10:11.29.31-38 ground glass opacities (GGO),11:32:39.40 cavitary
lesions,32:3% and bronchial abnormalities.11:24:3441 Several early studies described
precocious emphysema present in people with HIV infection or AIDS.21:22.25

The improved survival of HIV-infected individuals may have shifted the spectrum of chest
CT findings to include more manifestations of chronic lung diseases such as chronic
obstructive pulmonary diseases (COPD)*247 and interstitial inflammation or fibrosis, but
only a few large-scale studies of chest CT findings have been performed in the current
era.#6:48-52 Fyrthermore, to our knowledge only two studies performed quantitative CT
analyses.2”:52 A quantitative approach may be more sensitive to detect correlations between
lung abnormalities on radiographic images and biological/physiological measures as well as
to detect lung abnormalities at an earlier stage compared to subjective visual image review.
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In our current multi-center study, we quantitatively analyzed chest CT images to determine
the prevalence of findings indicative of emphysema and pulmonary fibrosis and to
investigate the relation between demographics, lung function, biological markers of HIV
infection, and CT image metrics associated with lung disease.

Subjects were participants in the National Heart, Lung, and Blood Institute (NHLBI)-
sponsored Lung-HIV study from three Lung-HIV clinical centers: Ohio State University,
University of Pittsburgh, and the University of Washington.>3:>4 The University of
Pittsburgh center had two sub-centers at the University of California Los Angeles and the
University of California San Francisco. The University of Washington center recruited
participants from four Veterans Affairs centers located in Atlanta, GA, Bronx, NY, Houston,
TX, and Los Angeles, CA. The Institutional Review board at each clinical center, the Lung-
HIV Data Coordinating Center (Clinical Trials and Surveys Corp, C-TASC), the Lung-HIV
Data Safety and Monitoring Board, and the NHLBI approved the study protocol, and all
participants signed written informed consent.

Each site recruited HIV-infected adults (>18 years of age) who were without acute
respiratory illness at time of study enrollment. Subjects were not, however, required to have
chronic pulmonary disease to participate. At the Ohio State University site, all subjects
enrolled were current cigarette smokers, whereas subjects were eligible to enroll in the other
two centers regardless of smoking status. The participants completed standardized
questionnaires to ascertain demographics, smoking history, illicit drug use, and medical
history.53:54 Participants were defined as never smokers if they reported smoking <100
lifetime cigarettes; as current smokers if they had smoked within the past 12 months; and as
former smokers if they had quit more than 12 months prior to enrollment. Smoking pack-
years were calculated based upon average number of packs of cigarettes smoked per day and
number of years smoked. Current CD4 cell counts (cells/uL) and HIV viral load (copies/mL)
were obtained within 12 months of pulmonary function testing.

Pulmonary Function Testing

Pulmonary function tests (PFTs) were performed according to the American Thoracic
Society/European Respiratory Society (ATS/ERS) guidelines at each site's clinical or
research pulmonary function laboratory and included pre- and post-bronchodilator
spirometry and single breath carbon monoxide diffusion capacity of the lung (DLco).55:56
Spirometry and DLco predicted normal values (or percent predicted) were computed based
on the Hankinson®” and Neas®® formulas, respectively. Spirometry measures of lung
function evaluated included: percent predicted forced expiratory volume in one second
(FEV1%), percent predicted forced vital capacity (FVC%), and the ratio of FEV1 to FVC
(FEV1/FVC). Pulmonary function testing data has been previously reported for a subset of
this cohort.53.54
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CT Examinations

The CT examinations were performed at the eight clinical sites using seven scanner models.
The CT protocol was standardized across the different scanners to control for scanner
differences (see Table S1, Supplemental Digital Content). Quality assurance measures were
implemented to evaluate each scanner and each CT scan for protocol compliance (see
Supplemental Digital Content). The CT data were acquired without radiopaque contrast at a
moderate radiation exposure (100 mAs) with the participants in a supine position and
holding their breath at end-inspiration. The image thickness was 0.625 mm, 0.750 mm, and
0.900 mm for General Electric, Siemens, and Phillips scanners, respectively.

CT Image Analysis

The CT data were analyzed using a standardized approach at the University of Pittsburgh by
an image analyst who was blinded to all clinical information. The lung was first segmented
from the CT images using University of Pittsburgh software.5® Then we used the density
mask technique®? to quantify the percentage of the lung voxels associated with emphysema
using a threshold of -950 Hounsfield units (HU) (Perc950), which is a widely accepted
threshold to quantify emphysema on thin section CT images.1:62 To quantify the presence
of interstitial inflammation, fibrosis, or fibrosis-like changes in the lung, we calculated the
percentage of the lung voxels with a computed attenuation between -600 and -250 HU or so-
called high attenuation areas (PercHAA).83 This HU value range captures fibrosis-like
changes that are more dense than healthy parenchyma (approximate average -750 HU) and
less dense than water (0 HU). Both metrics were computed from images reconstructed using
either “standard” kernel, “B31f” kernel, or “B” kernel of the General Electric, Siemens, and
Phillips scanners, respectively. We classified CT scans as depicting trace levels of
“emphysema” and fibrosis-like changes based on 2.5% and 5.0% cutoffs, respectively.
These levels are intended to capture early structural changes in lung anatomy that are
associated with disease and are mostly likely not clinically significant (e.g., change patient
care). For completeness, we also included emphysema and fibrosis cutoffs of 5.0% and
10.0%, respectively.

Statistical Analysis

Subject demographics were described using mean and standard deviation (SD), median and
interquartile range (IQR), or numbers and proportions as appropriate. Pearson correlation
coefficients (PCC) were computed to quantify the association between quantitative
emphysema (Perc950), quantitative fibrosis-like changes (PercHAA), age, smoking history
(pack-years), current CD4 cell count, HIV viral load, and lung function with all variables
treated as continuous variables. Step-wise, multivariable linear regression analyses were
performed with either Perc950 or PercHAA as the dependent variable to further investigate
their relation with current CD4 cell count and HIV viral load. Based on both biologic
plausibility and prior literature examining lung disease in HIV, we examined a number of
potential confounders in stepwise models to determine the effect of adding different
covariates en bloc to our primary predictors of interest, the current CD4 cell count and HIV
viral load. First, demographic variables (age, race, and smoking history) were included in
model 1. Next, ART status was added (model 2), and then drug use (marijuana or other
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illicit drugs) (model 3). Finally, the history of pertinent lung disease (bacterial pneumonia
and Pneumocystis pneumonia [PCP]) was added to the analysis (model 4). In both the
correlation and multivariable analyses, Perc950 and PercHAA were log transformed,
continuous variables. In the multivariable analysis, current CD4 cell count was
dichotomized to less than 500 cells/pL and greater than or equal to 500 cells/uL and HIV
viral load was dichotomized to less than 500 copies/mL or greater than or equal to 500
copies/mL based on the distribution of the data. Smoking status was defined as current,
former or never. Race was defined as white, black, or other. In all statistical tests, a p-value
less than 0.05 was considered significant.

Lung HIV CT Study Cohort

The study cohort included 510 HIV-infected individuals of whom 350 (69%) were on ART
at the time of enrollment (Table 1). The cohort was 81% male with a mean age (SD) of 48.9
(x 9.5) years. The cohort was racially diverse with 255 (50%) non-Whites. Overall, 77
(15%) of participants were life-long never-smokers, and 325 (64%) were current smokers
with a median (IQR) smoking history of 18.4 (29.1) pack-years. Injection drug use,
marijuana use, prior bacteria pneumonia, and prior PCP were prevalent. The median (IQR)
current CD4 cell count and median (IQR) HIV viral load were 466 (398) cells/uL and 48
(220) copies/mL, respectively. The number of participants with a current CD4 cell count less
than 200 cells/uL and an HIV viral load greater than 500 copies/mL were 67 (13%) and 199
(39%), respectively. The mean (SD) values of post-bronchodilator FEV1%, FVC%, and
FEV1/FVC were 95.1 (16.5), 98.6 (14.4) 77.0 (10.0), respectively, and the DLco% was 70.6
(17.5).

Emphysema quantified on CT exam

The prevalence of trace (Perc950 > 2.5%) or greater levels of emphysema in the study
cohort was 25.1% (Table 1) and was 9.2% for Perc950 > 5.0. There was a positive
correlation between emphysema and both age (PCC = 0.283) and smoking history (PCC =
0.164) (Table 2). Neither current CD4 cell count nor HIV viral load was significantly
correlated with quantified emphysema. In multivariable analyses using the Perc950 to reflect
degree of emphysema as a continuous outcome, there was not a significant relationship
between quantitative emphysema and current CD4 cell count, HIV viral load, or ART use in
the four linear regression models (see Tables S2-S5, Supplemental Digital Content).

There was a significant positive correlation between lung function and emphysema with
FVC% and a negative correlation with FEV1/FVC and quantitative emphysema (Table 2).
The association between FEV1/FVC and quantitative emphysema remained when
controlling for age and smoking history (see Table S6, Supplemental Digital Content). The
correlation between quantitative emphysema and DLco did not reach statistical significance.

Fibrosis quantified on CT exam

Overall, 29.4% of the study cohort had at least a trace level (PercHAA > 5.0%) of fibrosis-
like changes in the lung (Table 1) and 5.7% of the cohort had PercHAA > 10.0%.
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Correlations between findings of fibrosis were statistically significant with increasing HIV
viral load (PCC = 0.210) and decreasing age (PCC= -0.239), but were not significantly
correlated with pack-years or current CD4 cell count (Table 2). Age, smoking status, and
ART had a significant relation with fibrosis-like changes in the multivariable regression
models 1 — 4 (see Tables S7 and S8, Supplemental Digital Content). In multivariable
analyses, HIV viral load and smoking status had a significant positive correlation with
fibrosis-like changes in the lung (model 1) while age had a significant negative relation with
fibrosis-like changes (Table 3). When ART was added to the model, age had significant
negative correlation with fibrosis-like changes and participants on ART had significantly
lower levels of fibrosis-like changes. These associations remained true as other variables
were added to the models (see Tables S9 and S10, Supplemental Digital Content).

Lung function measures (FEV1% and FVC%) had a significant negative correlation with
fibrosis-like changes in the lung (Table 2). The association with F\VVC% remained when
controlling for smoking history (see Table S11, Supplemental Digital Content). The
correlation between fibrosis-like changes and DLco did not reach statistical significance.

Only 1.2% (6/512) of the subjects were positive for both quantitative emphysema and
fibrosis-like changes.

Discussion

The current study is one of the few to investigate the relation between quantitative
assessment of CT image metrics associated with lung disease and demographics, biological
markers of HIV infection, and pulmonary function. As expected from published studies, we
found that a significant number (25%) of HIV-infected individuals have evidence of at least
early emphysema. In contrast, an unexpected finding was that a similar proportion (29%)
also had fibrosis-like changes in the lung on quantitative analysis as pulmonary fibrosis has
been a relatively uncommon chronic lung disease in HIV-infected persons. In addition,
higher HIV viral levels were linked to fibrosis-like changes, but not to emphysema.

A novel finding from our study is the significant correlation between HIV viral load and
quantified fibrosis-like changes in the lung (PercHAA) depicted on CT images. The
histologic correlate of these areas of high computed attenuation (HAA) on CT images has
not been established, but it has been hypothesized that regions of increased computed
attenuation may indicate areas of the lung affected by subclinical interstitial lung disease or
early pulmonary fibrosis.83 In the Multi-Ethnic Study of Atherosclerosis (MESA) study,
Lederer and colleagues performed CT scans for scoring coronary calcium in a population of
2,563 adults without clinical cardiovascular disease or air-flow obstruction and found that
increased percentage of high attenuation areas, defined as regions with pixel values between
-600 and -250 HU, increased for each 10 pack year cigarette smoking history.63 When
PercHAA was correlated with visual changes on CT scan, the most common findings were
ground glass opacities or atelectasis, reticular abnormalities and a possible usual interstitial
pneumonitis pattern.53
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Of note, a recent population-based cohort study in an HIV-uninfected population has shown
that CT evidence of subclinical interstitial lung disease (ILD) is an under-recognized
phenomenon.54 Further understanding of the relation between HIV viral load and CT
findings suggesting subclinical ILD may inform our understanding of early events in the
etiology and pathogenesis of ILD in the general population. Because the precise etiology
and natural history of fibrosis-like changes in the lung has not been fully elucidated, the
significance of our findings and the relationship between these CT image changes and viral
load in HIV remains speculative.

While areas of increased computed attenuation may indicate early ILD, it is also possible
that such changes may reflect inflammatory changes which are early events in the
pathogenesis of other HIV-related pulmonary disorders. For example, recent data in the
general population has demonstrated a significant correlation between fibrosis-like changes
and biomarkers of pulmonary vascular endothelial injury, including intercellular adhesion
molecule 1 (ICAM-1).85 Pulmonary vascular abnormalities are well-described in the HIV-
infected population, and HIV may have direct effects on the vascular endothelium. Evidence
exists that HIV Nef, an accessory HIV protein, may directly affect endothelial function,
reducing endothelial vasorelaxation and endothelial nitric oxide synthase (eNOS) expression
while increasing oxygen free radical production.®® Alternatively, there may be direct effects
of drugs on pulmonary inflammatory pathways. For example, antiretroviral agents may
directly increase leukocyte adhesion to vascular endothelium in vitro.8” Whether HIV-
infected individuals with increased findings of fibrosis are at increased risk of developing
“vascular—based” clinical abnormalities such as pulmonary diffusion impairment or
pulmonary hypertension remains speculative. Finally, it is possible that individuals with
areas of increased computed attenuation on CT images may have increased colonization of
lung pathogens.

As expected, there was a significant correlation between quantitative findings of emphysema
(Perc950) and both age and smoking history (Table 2). A number of studies in both the pre-
ART and ART eras have demonstrated a link between HIV status and an increased risk of
developing COPD/emphysema.21:25.27.28,32,46,48.49 \While evidence exists that this
phenomenon may be related to an interaction between HIV infection and smoking, we did
not find a significant correlation between CD4 cell count or HIV viral load and Perc950.
Our findings are consistent with Samperiz and colleagues who reported no relation between
quantitative assessment of emphysema on CT scan and either HIV viral load or CD4
count.>2 However, they reported that the Center for Disease Control HIV category C was a
risk factor for quantitative emphysema and a modest emphysema prevalence (10.5%) using
a low emphysema cutoff (greater than 1% of voxels with a value less than -950HU). Three
recent studies of HIV-infected cohorts 46:48:52 ghserved that greater than 30% of the subjects
had some evidence of emphysema by visual CT image assessment, which is somewhat
higher than our findings of 25.1% by quantitative analysis. However, all three studies
reported some significant relation between either nadir or current CD4 count and
emphysema.

In the recent studies of emphysema in the HIV-infected population mentioned above, there
appears to be some discordance between visual and quantitative assessment of emphysema
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prevalence. This discordance has long been discussed in the literature with the reported
agreement by kappa statistic ranging from 0.12 to 0.48.58-73 One hypothesis is that the poor
to moderate inter-reader agreement for visual emphysema assessment contributes to the
discordance between visual and quantitative assessment with reported agreement kappa
ranging from 0.18 to 0.63.58-73 Some investigators postulated that human observers tend to
overestimate emphysema compared to quantitative assessment in subjects with a low level
emphysema, but that reader agreement improves as emphysema severity increases.58
However, poor inter-reader agreement was observed in both subjects without COPD and
subjects with severe COPD.”! One possible component of the discordance is selection of an
emphysema threshold (e.g., -950HU) and cutoff for classifying emphysema (e.g., 5% of
voxels below the threshold). Investigators have used emphysema cutoff values ranging from
1% - 10% often based on empirical data, lung function data, or clinical outcomes (e.g.,
mortality).52:71.74-76 \We presented data for cutoff values of 2.5% and 5.0% for emphysema
and fibrosis, respectively, and believe those values appropriately capture emphysema and
fibrosis-like changes in our cohort based on preliminary visual assessment (unpublished
data) and recent reports of other HIV studies. Although the visual and quantitative
assessment of emphysema should be concordant, some investigators postulate that the two
metrics are complementary with different strengths and weaknesses.’! Exactly how the two
metrics complement each other and how to integrate the two is not quite clear.

A potential limitation to our study is the application of a pre-defined threshold to perform
the quantitative assessment of emphysema and fibrosis-like changes in the lung on CT data
obtained from different CT scanners. This application may or may not have been appropriate
as there is no universal threshold or adjustment to the threshold to account for difference in
CT scanners and protocols, but the threshold approach is widely used to quantify
emphysema on CT images. Additionally, the values used to dichotomize into categories of
emphysema (2.5 % or 5.0%) and fibrosis-like changes (5.0 % or 10.0%) have not been
universally validated. However, we believe that our effort to standardize the CT protocols
permits an analysis that would detect significant first-order effects, but may be insufficient
to detect higher order, more subtle effects limited by the size of our cohort. Another
limitation is the cutoff selected for CD4 cell count and HIV viral load in the multivariable
models, which can be debated regarding the optimal value. However, our initial
multivariable analyses treated CD4 cell count and HIV viral load as continuous variables,
but the data did not reach statistical significance (data not shown). Additionally, perhaps
nadir CD4 cell count and zenith HIV viral load levels are more appropriate in the context of
chronic lung disease, but were not available for these analyses. Finally, our cohort had a
high prevalence of smoking, particularly given that all patients from the Ohio State
University site were current smokers. Nonetheless, our multi-site study may be more
representative of the general HIV-infected population, and we had substantial geographic
and racial diversity in our population.

In summary, quantitative CT assessment of the lungs shows that emphysema and fibrosis-
like changes were both common in a multi-center cohort of HIV-infected individuals.
Fibrosis-like changes were associated with HIV viral load when controlling for age, race,
smoking, and ART. In contrast, quantitative assessment of emphysema was not associated
with HIV markers. Further investigation and extended follow-up of participants may shed
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light on our understanding of HIV-associated pulmonary complications as well as provide
new insight into events important in the development of early interstitial lung disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Characteristics of HIV-infected participantsreceiving and not receiving ART

HIV-infected on ART

HIV-infected not on ART

Characteristics HIV-infected (n=510) (n=350) (n=143)
Male, n (%) 412 (81) 284 (81) 114 (80)
Age, mean yrs. (SD) 48.9 (9.5) 50.7 (9.1)" 44.8(9.3)
ART use, n (%) 350 (68)
Race

White, n (%) 255 (50) 179 (51) 65 (45)

Black, n (%) 236 (46) 157 (45) 74 (52)

Other, n (%) 19 (4) 14 (4) 4(3)
Smoking status

Current, n (%) 325 (64) 191 (55) * 117 (82)

Former, n (%) 108 (21) 94 (27)* 14 (10)

Never, n (%) 77 (15) 65 (19)* 12 (8)
Smoking pack-years among ever smokers, median (IQR) 18.4 (29.1) 17.6 (31.3) 19.2 (25.9)
Injection drug use, n (%) 124 (24) 95 (27) 28 (20)
Marijuana use, n (%) 405 (79) 286 (82) 106 (74)
Prior bacterial pneumonia, n (%) 138 (27) 97 (28) 39 (27)
Prior Pneumocystis pneumonia, n (%) 55 (11) 39 (11) 12 (8)
CD4 cell count, median cells/uL (IQR) 466 (398) 471 (403) 442 (441)
CD4 cell count < 200 cells/uL, n (%) 67 (13) 45 (13) 21 (15)
HIV viral load, median copies/mL, median (IQR) 48 (220) 48 (11)* 599 (18797)
HIV viral load < 500 copies/mL, n (%) 311 (61) 247 (71) 52 (36)
FEV1%, post-bronchodilator, mean (SD) 95.1 (16.5) 95.1(17.1) 95.9(14.2)
FVC%, post-bronchodilator, mean (SD) 98.6 (14.4) 98.3(14.8) 99.9(13.3)
FEV1/FVC, post-bronchodilator, mean (SD) 77.0 (10.0) 76.0 (9.0) 77.0 (8.0)
DLca%, mean (SD) 70.6 (17.5) 69.4(18.2)" 73.6(15.9)
Perc950, mean (SD) 2.3(3.6) 2.5(4.0) 1.9(2.4)
Perc950 > 2.5%, n (%) 128 (25.1) 94 (26.9) 30 (21.0)
Perc950 > 5.0%, n (%) 47 (9.2) 35 (10.0) 10 (7.0)
PercHAA, mean (SD) 4.8 (2.6) 4.4 (2_3)* 57 3.2)
PercHAA > 5.0%, n (%) 150 (29.4) 78 (22.3)" 65 (45.5)
PercHAA > 10.0%, n (%) 29 (5.7) 12 (3.4) 16 (11.2)

*
p-value < 0.05 for difference between subjects on and not on ART

ART - antiretroviral therapy; FEV1% — percent predicted forced expiratory volume in one second; FVC% — percent predicted forced vital
capacity; FEV1/FVC — percentage of FEV1 to FVC; DLco% — percent predicted lung diffusion capacity of carbon dioxide; Perc950 — percentage
of voxels less than -950HU; PercHAA — percentage of voxels between -600HU and -250HU.
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Table 2
Pearson Correlation coefficients between demogr aphics, lung function, and CT image
metricsin HIV-infected participants (n = 510)

Per c950(voxels associated with emphysema)  PercHAA (voxels associated with fibrosis-like changes)

Age 0.283" -0.239"
Pack-years 0.164° 0.014
CD4 cell count (cells/uL) -0.018 0.004
HIV viral load (copies/mL) -0.096 0.210%
FEV1% -0.054 0133
FVC% 0.146" -0.173"
FEVL/FVC -0.301" 0.085
DLco% 0.002 -0.032

*
p-value < 0.05

Perc950 — percentage of voxels less than -950HU; PercHAA — percentage of voxels between -600HU and -250HU; FEV1% — percent predicted
forced expiratory volume in one second; FVC% — percent predicted forced vital capacity; FEV1/FVC — percentage of FEV1 to FVC; DLco% —
percent predicted lung diffusion capacity of carbon dioxide.
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Table 3
Step-wise, multivariablelinear regression against fibrosis-like changesin thelung
(PercHAA) that included HIV viral load for all HIV-infected participants (n=510)

Model 1
Unstandardized coefficients T-value p-value

Constant -2.986 -16.84 <.0001
HIV viral load
< 500 copies/ml 0.107 2.24 0.0255
=500 copies/ml 0.000 - --
Age -0.009 -3.57 0.0004
Race
White 0.115 0.97 0.3302
Black 0.072 0.60 0.5461
Other 0.000 - -
Smoking
Current 0.141 2.16 0.0317
Ever 0.042 0.54 0.5921
Never 0.000 - --
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