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Abstract

Objective: To analyze the association of baseline biomarker data with cross sectional lung
function and subsequent decline in lung function in HIV-positive persons.
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Design: Lung function was modeled in all START pulmonary substudy participants who had
baseline biomarker data and good-quality spirometry. In longitudinal analyses we restricted to
those participants with at least one good-quality follow up spirometry test.

Methods: We performed linear regression of baseline FEV1, FVC, and FEV1/FVC and their
longitudinal slopes on log,-transformed baseline biomarkers with adjustment for age, sex, race,
region, smoking status, baseline CD4+ T-cell counts, and baseline HIV-RNA. Biomarkers included
D-dimer, hsCRP, IL-6, IL-27, serum amyloid A, sICAM-1, sVCAM-1, albumin, and total
bilirubin.

Results: Among 903 included participants, baseline median age was 36 years, CD4 count was
647 cells/mm3, and 28.5% were current smokers. In adjusted analyses, elevated markers of
systemic inflammation (hsCRP, IL-6, and serum amyloid A) were associated with lower baseline
FEV1 and FVC. Elevated D-dimer and IL-6 were associated with worse airflow obstruction (lower
FEV1/FVC). Despite these cross-sectional associations at baseline, no associations were found
between baseline biomarkers and subsequent longitudinal lung function decline over a median
follow-up time of 3.9 years (3,293 spirometry-years of follow up).

Conclusions: Commonly available biomarkers, in particular markers of systemic inflammation,
are associated with worse cross-sectional lung function, but do not associate with subsequent lung
function decline among HIV-positive persons with early HIV infection and baseline CD4+ T-cell
counts >500 cells/mm3,

Keywords
HIV; Spirometry; Biomarkers; Longitudinal studies; Pulmonary disease; chronic obstructive

INTRODUCTION

In the modern antiretroviral treatment (ART) era, the burden of HIV-associated respiratory
disease has shifted away from infections and towards non-infectious pulmonary disease such
as chronic obstructive pulmonary disease (COPD), pulmonary hypertension, and lung
cancer.[1,2] Although tobacco smoke is clearly the most important risk factor for COPD,
HIV has repeatedly been identified as an independent risk factor for the development of
COPD.[3-6] However, the mechanisms remain unclear. COPD is a leading cause of death
worldwide, is common among HIV positive individuals [5,7] and diminishes both quality
and duration of life.[8-10]

COPD is defined by expiratory airflow limitation, when spirometry demonstrates a low ratio
of forced expiratory volume in 1s to forced vital capacity (FEV1/FVC). FEV1 is the most
common metric to determine severity of COPD and although FEV declines as part of
normal aging, faster decline in FEVq has been associated with both COPD susceptibility and
increased respiratory and all-cause mortality.[11,12] Among general population COPD
patients, systemic inflammation has been associated with accelerated decline in lung
function, COPD hospitalization, COPD exacerbations, COPD death, and increased all-cause
mortality.[13-15]
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Among HIV positive individuals, systemic inflammation and persistent immune activation
have been implicated in a number of non-AIDS comorbidities including chronic kidney
disease, cardiovascular disease, thromboembolism, lymphoma, non-AIDS defining cancer,
osteoporosis, type 2 diabetes, pneumonia, neurocognitive dysfunction, depression, and
frailty.[16—19] There are few previous analyses of systemic inflammation and pulmonary
function in HIV positive individuals and existing studies have been relatively small.[20-24]

We used data from the START Pulmonary Substudy to investigate the association between
lung function and circulating markers of systemic inflammation (interleukin-6 [IL-6], high-
sensitivity C-reative protein [hsCRP], and serum amyloid A [SAA]), coagulation (D-dimer),
T-cell regulation (interleukin-27 [IL-27]), endothelial activation (soluble intercellular
adhesion molecule [sICAM] and soluble vascular cell adhesion molecule [sVCAM]), and
clinical lab tests previously associated with pulmonary or HIV prognosis (bilirubin and
albumin). We examined both baseline lung function in a cross-sectional analysis and
longitudinal lung function decline in a prospective analysis.

METHODS

Participants:

Pulmonary f

The Strategic Timing of Antiretroviral Treatment (START) trial enrolled 4685 asymptomatic
HIV-positive adults, naive to ART with baseline CD4+ T-cell counts >500 cells/mm3.
Participants were randomized to initiation of ART immediately or at a CD4+ T-cell count of
350 cells/mm3 (the deferred arm). The study was unblinded early due to immediate ART
reducing both AIDS and non-AIDS events.[25] The START Pulmonary Substudy co-
enrolled 1,026 of these START participants, from 80 sites in 20 countries. Exclusion criteria
unique to the Pulmonary Substudy included: 1) age < 25 years (the age when normal lung
function begins to decline[26]); 2) respiratory illness in the previous 6 weeks; 3) asthma
medication use in the previous 6 months; 4) contraindication to spirometry; and 5) allergy or
contraindication to albuterol/salbutamol use. COPD was not an exclusion criteria. No
significant difference was found in the primary outcome of rate of FEVq decline between
immediate and deferred ART.[27] The first participant was enrolled in March 2010, the data
were unblinded in May 2015, and follow up continued through December 2016. These
current analyses included all participants who had the biomarkers of interest and baseline
spirometry meeting quality control review criteria as established by international spirometry
standards.[28] In longitudinal analyses we further restricted our analysis to participants with
at least one follow up spirometry meeting quality control review criteria.

unction tests:

Post-bronchodilator spirometry was done in standardized fashion using the EasyOne
ultrasonic flow device (ndd Medical Technologies, Andover, USA). Spirometry was done at
study entry prior to randomization and annually thereafter. All spirometry results were
centrally reviewed by author KMK to ensure quality control. Repeat spirometry was
requested when testing did not meet quality standards. COPD was defined using a standard
definition of FEV1/FVC below the 5™ percentile of predicted normal, using 2012 Global
Lung Function Initiative prediction equations.[29]
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Blood was collected from consenting participants at baseline and stored centrally at =70 C.
All assays were performed blinded to treatment group, lung function tests, or clinical
outcomes. Biomarkers were not necessarily selected based on postulated associations with
lung function, but rather were measured following un-blinding of the START results based
on postulated associations with AIDS and non-AIDS events.[30] Rather than selectively
analyzing or reporting certain biomarkers, we elected to examine all available biomarkers.
IL-6 was measured using high sensitivity ELISA (R&D, Minneapolis, USA). D-dimer was
measured using the VIDAS system (BioMerieux, Marcy-I’Etoile, France). IL-27 was
measured using IL-27 using immunoassay (Meso Scale Diagnostics, Rockville, USA). A
multiplex platform was used to measure hsCRP, SAA, sICAM, and sVCAM (Vascular
Injury 11 Panel, Meso Scale Diagnostics, Rockville, USA). Albumin and total bilirubin were
measured in the clinical laboratory facilities at each site.

Statistical Analysis:

RESULTS:

We performed linear regression of baseline FEV, FVC, and FEV1/FVC ratio on logy-
transformed baseline biomarker concentrations. We also included the I1L-6/D-dimer score
[0.33 x logy IL-6 + 0.16 x log, D-dimer] which has been independently associated with
serious non-AlIDS conditions and mortality.[17] We then adjusted models for age, sex, race,
region, smoking status, baseline CD4+ T-cell counts, and baseline HIV-RNA.

We also performed linear regression of longitudinal slopes of FEV1 (mL/yr), FVC (mL/yr),
and FEV1/FVC (%l/year) on baseline log,-transformed baseline biomarker concentrations,
again including models adjusted for age, sex, race, region, smoking status, baseline CD4+ T-
cell counts, and baseline HIV-RNA. We also included treatment assignment as a covariate
(immediate vs. deferred ART strategy), even though treatment assignment did not affect lung
function decline in our primary results.[27]

In order to determine if there was an association between baseline biomarkers and
longitudinal lung function in untreated HIV-positive individuals, free of any ART exposure,
we performed a secondary analysis limited to the participants randomized to the deferred
arm and censoring lung function data after ART initiation. We again performed linear
regression of longitudinal slopes of FEV1 (mL/yr), FVC (mL/yr), and FEV1/FVC (%/year)
on baseline log,-transformed baseline biomarker concentrations adjusted for age, sex, race,
region, smoking status, baseline CD4+ T-cell counts, and baseline HIV-RNA.

No adjustments were made for multiple testing. All statistical analyses were conducted using
SAS 9.4 (Cary, NC, USA).

Baseline characteristics

Of 1026 participants in the START pulmonary substudy, 903 (91.2%) had both baseline
biomarker data and spirometry that met quality control review criteria (Figure 1). Baseline
characteristics of those included and excluded are shown in Supplementary Table 1.
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Excluded participants were more likely to be female (43.7% vs 28.1%), Asian (19.5% vs
9.6%), and less likely to be white (33.7% vs. 23.0%). Excluded participants were less likely
to be current smokers (28.5% vs 19.5%) and more likely to be never smokers (71.3% vs
60.4%). Those excluded had slightly higher CD4+ T-cell counts (both nadir and at study
entry) and slightly lower CD8+ T-cell counts. Spirometry quality was similar and both
groups had normal median baseline lung function.

Baseline characteristics of the 903 participants with baseline biomarker data who are
included in our analysis are shown in Table 1. Participants had a median age of 36 (IQR 30,
44). They were most likely to be from Africa (31.8%) and Europe/Israel/Australia (31.2%).
The majority likely contracted HIV via sexual contact (50.3% male with person of same sex
and 43.5% with person of opposite sex). Participants had a median duration from HIV
diagnosis of 1.2 years (IQR 0.4, 3.5). HIV laboratory parameters were notable for median
CD4+ count of 647 (IQR 584, 766), nadir CD4+ of 550 (IQR 482, 659), log HIV-RNA 4.2
(IQR 3.5, 4.7), and 9.6% had HIV-RNA < 400 copies/mL. 28.5% were current smokers and
11.2% were previous smokers. Hypertension was present in 18.7%, but other comorbidities
were infrequent. Baseline lung function was generally good, with a median FEV4 percent
predicted of 96.6% (IQR 86.0, 104.1) and only 6.6% having COPD at study entry.

876 (97%) of the participants included in the cross-sectional analysis had at least one good-
quality follow up spirometry test for a total of 3293 spirometry-years of follow up. Median
follow up for the longitudinal slope analyses was 3.9 years.

Baseline biomarker levels in smokers, non-smokers, and in all participants are shown in
Table 2. Smokers and non-smokers had similar concentrations of D-dimer, IL-6, IL-27,
SAA, albumin and bilirubin, but smokers had higher concentrations of hsCRP, sICAM, and
SVCAM.

Baseline lung function and biomarkers

Unadjusted and adjusted regressions of baseline FEV4, FVC, and FEV{/FVC on log,-
transformed baseline biomarkers are shown in Table 3. In logo-transformed linear regression,
the B coefficients represent the difference in lung function associated with a doubling of the
biomarker of interest. In unadjusted analyses, all included biomarkers, with the exception of
sICAM, were associated with FEV4 and FVC at baseline. Higher concentrations of IL-27,
sVCAM, albumin, and total bilirubin were associated with higher FEV1 and FVC, while
higher concentrations of D-Dimer, hsCRP, IL-6, SAA, and the IL-6/D-dimer score were
associated with lower FEV; and FVC. When analyzing FEV/FVC ratio, higher D-dimer,
hsCRP, IL-6, and the IL-6/D-dimer score were associated with more airflow obstruction (i.e.
lower FEV1/FVC), while higher albumin was associated with less airflow obstruction (i.e
higher FEV1/FVC ratio). The other biomarkers had no significant associations with FEV1/
FVC.

After adjusting for age, sex, race, region, smoking status, CD4+ T-cell counts, and HIV-
RNA, higher hsCRP and IL-6 were associated with lower baseline FEV1 and FVVC. Higher
SAA had a borderline statistically significant association with lower baseline FEV; and FVC
(p=0.05 and 0.04, respectively). The IL-6/D-dimer score was associated with lower FEV
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but not FVVC. Higher D-dimer, IL-6, and the IL-6/D-dimer score were associated with more
airflow obstruction.

Longitudinal change in lung function relative to baseline biomarkers

Unadjusted and adjusted regressions of longitudinal changes in FEV4, FVC, and FEV{/FVC
on baseline biomarkers are shown in Table 4. None of the baseline biomarkers had any
association with subsequent slopes of FEV1, FVC, or FEV1/FVC in unadjusted or adjusted
analyses.

Unadjusted and adjusted regression of longitudinal changes in FEV4, FVC, and FEV{/FVC
on baseline biomarkers limited to the deferred arm and with lung function data censored
after initiation of ART are shown in Supplementary Table 2. In these analyses, free of any
ART exposure, only sSICAM-1 was associated with FEV slope (p=0.02) and FVVC slope
(p=0.02) in unadjusted analyses. However, these associations were attenuated and no longer
significant in adjusted analysis (p=0.07 and p=0.06, respectively).

DISCUSSION

We found that a number of biomarkers, specifically markers of systemic inflammation and
coagulation (hsCRP, IL-6, SAA, and D-dimer), were associated with cross-sectional
measures of baseline lung function, but not with subsequent decline in lung function. These
findings suggest that changes in circulating biomarker concentrations may accompany better
or worse lung function, but a single measurement of these biomarkers does not help identify
those at higher or lower risk of more rapid lung function decline.

There are few previous data on the association of biomarkers and pulmonary function in
HIV-positive individuals. In a single center (Pittsburgh, USA) cross-sectional analysis, 147
HIV-positive individuals underwent pulmonary function testing, blood flow cytometry for T-
cell surface markers, blood biomarker measurement (hsCRP, IL-6, and IL-8). hsCRP > 1
mg/L was associated with lower diffusing capacity for carbon monoxide (DLCO), lower
FEV1, and more airflow obstruction (FEV1/FVC < 70% post-bronchodilator). Higher IL-6
was associated with lower DLCO and FEV1, while IL-8 did not show any significant
associations. T-cell activation was also associated with pulmonary function abnormalities.
[20]

In a recent single center (Mbarara, Uganda) cross sectional analysis of 125 HIV-positive
individuals and 109 HIV-negative controls, investigators modeled the relationship between
baseline lung function and markers of systemic inflammation (hsCRP and IL-6) and
macrophage activation (sCD14 and sCD163).[24] Participants were enrolled in the Uganda
Non-Communicable Diseases and Aging Cohort and HIV-positive patients had been on ART
for at least 3 years (median 9 years). Higher hsCRP was associated with lower FEV4 and
FVC among HIV-positive and negative participants. Higher IL-6 was associated with lower
FEV; and FVC among HIV-positive, but not HIV-negative, participants. Higher sCD163 was
associated with lower FVVC among HIV-positive participants but had no association with
FEV1 among HIV-positive individuals or either FEV; or FVC in HIV-negative individuals.
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sCD14 had no significant associations and there were no associations with biomarkers and
FEV1/FVC.

Similar to these previous analyses, we found that markers of systemic inflammation were
associated with lower cross-sectional pulmonary function. We did not specifically test
markers of T-cell or macrophage activation, but we did not find an association between
IL-27, which regulates T-cell function, and lung function in either cross-sectional or
longitudinal analyses.

In an additional single center (Baltimore, USA) cross-sectional analysis, among 650
participants in the ALIVE (AIDS Linked to the IntraVenous Experience) cohort, 41% of
whom were HIV-positive, lower cathelicidin (an antimicrobial peptide which is regulated by
vitamin D) was associated with lower FEVq (=115 mL, [-8,-221]). Although ALIVE has
collected longitudinal lung function measures, the authors did not report longitudinal
analyses.[21] We did not test antimicrobial peptides or vitamin D related markers. In a small
case-control study from the START pulmonary substudy that included 38 HIV-positive
individuals with COPD compared to 40 HIV-positive individuals without COPD, we also
identified a unique metabolite profile in HIV-associated COPD that included sphingolipids.
[31] We have not measured sphingolipids more broadly in our START pulmonary substudy
cohort.

There are few data regarding biomarkers and longitudinal lung function in HIV-positive
individuals. Among 124 HIV-positive persons from 2 sites (Pittsburgh and Los Angeles,
USA) in the Lung HIV study who completed pulmonary function testing, IL-6, SCD163 (a
marker of monocyte activation), and endothelin-1 (ET-1, a vasoconstrictor and marker of
endothelial dysfunction) were associated with cross-sectional lung function measures.
Among these participants, 70 (56%) underwent repeat pulmonary function testing over 18—
36 months and in longitudinal analyses, only higher baseline concentrations of ET-1 were
associated with faster decline in FEV. [22] We tested sSICAM and sVCAM which are both
markers of endothelial activation, but found no associations with baseline or longitudinal
lung function. We did not measure ET-1.

Finally, in a prospective study of lung function in 730 South African HIV-positive patients,
higher CRP was associated with obstructive lung disease at baseline but had no association
with longitudinal lung function over a relatively short median follow-up time of 18 months.
Other biomarkers were not analyzed in that study. [32]

Although markers of systemic inflammation have been associated with a multitude of COPD
and HIV-related outcomes, our finding that there was not association with longitudinal lung
function decline has precedent. In an analysis of 1793 participants in the ECLIPSE
(Evaluation of COPD Longitudinally to Identify Predictive Surrogate Endpoints) study
several biomarkers, including CRP and fibrinogen (a marker of coagulation) were associated
with baseline FEV4 however only Club Cell 16 (CC16), a pulmonary specific biomarker,
was associated with longitudinal FEV; decline. Surfactant protein D (SP-D), another more
pulmonary-specific biomarker, was not associated with baseline or longitudinal lung
function. [33] We have previously demonstrated that ART initiation is associated with a
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subsequent decline in blood SP-D concentrations, but we have not tested the ability of SP-D
(or CC16) to predict longitudinal lung function decline in HIV. [34]

Our study has several strengths. We enrolled a large cohort of HIV-positive participants from
80 sites in 20 countries, thus improving the generalizability of our findings to HIV-positive
persons from high and low-to-middle income settings. To our knowledge, our study also
represents the largest collection of longitudinal lung function measures in an HIV
population, having collected post-bronchodilator spirometry, using standardized equipment
across all sites, with rigorous quality control, over a median of 3.9 years. This is the largest
study to date analyzing the association of biomarkers and pulmonary function in HIV.

Our study also has several limitations. We leveraged biomarker data that were generated for
other primary purposes, so we were unable to test more potentially pulmonary-specific
circulating biomarkers such as CC16 and SP-D, nor other biomarkers that smaller studies
suggest might relate to lung function in HIV (e.g. ET-1, antimicrobial peptides, markers of
activated T-cells/macrophages, sphingolipids). We did not adjust for multiple statistical
testing and although we adjusted for multiple confounders, there may be unmeasured
confounding. We also did not collect lung-specific specimens, such as bronchoalveolar
lavage fluid, so we were unable to assess local inflammatory or immune responses in the
lung. Although we have one of the largest sample sizes of spirometry measures in an HIV-
positive cohort, we did not collect other non-spirometry lung assessments, such as carbon
monoxide diffusing capacity (DL¢q) or quantitative computed tomography CT imaging of
the lung. We did not have the ability to evaluate for reverse causality whereby rather than
systemic inflammation and coagulation leading to lung disease, pathologic processes in the
lungs might subsequently lead to systemic inflammation. This is one possible explanation
for the observed cross-sectional associations, but lack of longitudinal associations, between
systemic inflammation/coagulation and lung function. We also only tested biomarkers at
baseline, prior to any antiretroviral treatment. Future work in virologically suppressed
persons could yield different results.

Importantly, we enrolled a relatively young cohort of HIV-positive patients with a short
duration of HIV diagnosis and high CD4+ T-cell counts (>500 cells/mm?3) at study entry, so
we cannot extrapolate our findings to those who are diagnosed at older ages or later in the
course of HIV infection. Several studies have suggested that among HIV-positive persons,
those with low nadir CD4+ T-cell counts in the 200250 cells/mm3 range are those at
highest risk for COPD.[23,35-37] Given that our study participants had far higher average
CDA4+ T-cell counts, our study participants may have been at low risk for developing lung
disease. Additionally, of the 40% of our study participants who reported current or former
smoking, the median pack-years smoked was only 6.5 pack-years, so our data may not apply
to HIV-positive persons with more extensive smoking histories. However, we believe that the
presence of biomarker associations within our cross-sectional spirometry analysis, but
absence of associations within our longitudinal data suggest reverse causality rather than
unique characteristics of our cohort. Nevertheless, we can’t exclude the possibility that
longitudinal associations might be present in older persons, those with more advanced HIV
infection, and/or those with more extensive smoking.
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Lastly, we note that although our results might be limited by the relatively young age and
early HIV diagnosis of our study participants compared to many other previous HIV cohorts,
these characteritsics reflect the future goals of global HIV, where people with HIV should be
diagnosed and treated early in order to preserve optimal health. Therefore, our study
participants should increasingly reflect a larger proportion of those living with HIV in
coming years, both in high and low-to-middle income countries where we conducted this
study.

CONCLUSION

A number of common and readily available biomarkers, including markers of systemic
inflammation and coagulation, are associated with concurrent measures of lung function in
HIV-positive persons with CD4+ T-cell counts >500 cells/mm?3, but not with subsequent
longitudinal changes in lung function.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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1026 participants included in

Page 12

r

903 participants included
in cross sectional analysis

87 excluded for no baseline biomarker data
33 excluded for no grade A, B, C spirometry
3 had neither baseline biomarkers nor grade
A,B,C spirometry

3

876 participants included in
longitudinal slope analysis

Figure 1.

Study participant flow diagram.

27 had no follow up spirometry

AIDS. Author manuscript; available in PMC 2020 March 15.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

MACDONALD et al.

Table 1:

Page 13

Baseline characteristics of START pulmonary substudy participants with baselinebiomarkers and spirometry
meeting standardized quality control criteria.

No. of participants
Demographics
Age (years)
Female
Race
Black
Latino/Hispanic
Asian
White
Other
Region
Africa
Asia
Europe/Israel/Australia
Mexico/South America
United States
HIV history
Likely mode of HIV infection
Injection drug use
Male sexual contact with person of same sex
Sexual contact with person of opposite sex
Other/unknown
Years HIV positive
Lab results
CD4 count (cells/mm3)
CD8 count (cells/mm?3)
CD4/CD8 ratio
Nadir CD4 (cells/mm?)
Log HIV-RNA (copies/ml)
HIV-RNA < 400 copies/mL
Smoking History
Current smoker
Previous smoker

Never smoked

Pack years smoking (current and previous smokers)

Medical History
Prior CVD

Hypertension

AIDS. Author manuscript; available in PMC 2020 March 15.

N (%) or Median (IQR)
903 (91.2%)

36 (30, 44)
254 (28.1%)

345 (38.2%)
158 (17.5%)
87 (9.6%)
304 (33.7%)
9 (1.0%)

287 (31.8%)
85 (9.4%)
282 (31.2%)
169 (18.7%)
80 (8.9%)

13 (1.4%)
454 (50.3%)
393 (43.5%)
43 (4.8%)
1.2 (0.4, 3.5)

647 (584, 766)
1026 (760, 1411)
0.66 (0.47, 0.93)
550 (482, 659)
42(35,4.7)

87 (9.6%)

257 (28.5%)
101 (11.2%)
545 (60.4%)
6.5 (2.0, 15.0)

7 (0.8%)
169 (18.7%)
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N (%) or Median (IQR)
Diabetes 32 (3.5%)
Hepatitis B 39 (4.4%)
Hepatitis C 28 (3.2%)

Body mass index (kg/m?)
Respiratory History
FEV; (L)

FVC (L)

FEV/FVC ratio

<0.7

< lower limit or normal

FEV; as % of predicted
> 80%
50% — 79%
30% — 49%
< 30%

24.8(22.2,28.4)

3.4(2.7,4.0)
41(3.3,4.9)
0.83 (0.78, 0.86)
50 (5.5%)

60 (6.6%)

96.6 (86.0, 104.0)
778 (86.2%)

119 (13.2%)

6 (0.7%)

0 (0.0%)
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Table 2:

Baseline biomarkers among smokers and non-smokers.

Page 15

D-dimer (mcg/ml)
hsCRP (mcg/ml)

IL-6 (pg/ml)

IL-27 (pg/ml)

Serum amyloid A (mg/L)
sICAM-1 (mcg/mL)
sVCAM-1 (mcg/mL)

IL-6/D-dimer score‘Z
. 2
Albumin (g/dL)

Total bilirubin (mg/dL)°

N
257
257
257
257
257
257
257
257

256

256

Smokers
Median (IQR)
0.32 (0.24, 0.45)
1.83 (0.76, 3.34)
1.43 (0.99, 2.13)
259.20 (145.50, 514.90)
4.60 (2.76, 8.48)
599.56 (446.64, 740.00)
760.76 (609.82, 986.58)
-0.05 +0.34

4.40 (4.20, 4.60)

0.50 (0.40, 0.70)

N
644
646
646
646
646
646
646
644

628

642

Non-smokers
Median (IQR)
0.35 (0.22, 0.54)
1.53 (0.66, 3.74)
1.27 (0.92, 1.94)
255.25 (123.20, 522.60)
4.39 (2.47, 8.85)
524.93 (398.31, 665.61)
703.51 (537.21, 906.07)
-0.09 +0.38

4.40 (4.10, 4.64)

0.50 (0.40, 0.70)

N
901
903
903
903
903
903
903
901

884

898

Total

Median (IQR)

0.33(0.23, 0.51)

1.62 (0.69, 3.69)

1.32 (0.93, 2.01)
255.70 (128.60, 522.60)

4.42 (2.56, 8.65)
540.74 (408.55, 692.54)
722.46 (552.26, 937.23)

—-0.08 +0.37

4.40 (4.19, 4.60)

0.50 (0.40, 0.70)

'ZThe IL-6/D-dimer score [0.33 x log2 IL-6 + 0.16 x log2 D-dimer] has been independently associated with serious non-AIDS conditions and

mortality. [17]

Albumin and bilirubin were measured in clinical laboratory facilities at each site and not available in every participant.
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Cross-sectional analyses. Univariable (unadjusted) and multivariable’ (adjusted) linear regressions of baseline

Table 3:

FEV1(mL), FVC (mL), and FEVZ/FVC on log,-transformed baseline biomarkers

Univariable Multivariable®
ﬁ3 95% C.I. P-value ﬁg 95% C.I. P-value
FEV,
D-dimer (mcg/ml)  -347.6  -403.6, -291.7 <0.001 4.7 -39.2, 48.6 0.83
hsCRP (mcg/ml) ~ -98.9 -130.3,-67.4 <0.001 -36.2 -56.5, -16.0 <0.001
IL-6 (pg/ml) -109.7 -173.4,-46.0 <0001 -73.8 ~-114.8,-32.7 <0.001
IL-27 (pg/ml) 60.2 27.1,93.3 <0.001 3.8 -17.6,25.1 0.73
Serum amyloid A (mg/L)  -67.4  -103.2,-316 <0001 -231  -457,-05 0.05
SICAM-1 (mcg/mL)  -33.7 -123.2,55.8 0.46 -26.7 -83.9, 30.5 0.36
sVCAM-1 (mcg/mL)  215.1 126.5, 303.8 <0.001 24.0 -36.1, 84.1 0.43
IL-6/D-dimer scorez -580.5 -731.4,-429.6 <0.001 -146.7 -249.9,-435 0.005
Albumin (g/dL)  1856.8 1453.1,2260.6 <0.001 -17.0 -304.7,270.8 0.91
Total bilirubin (mg/dL)  237.7 166.0, 309.4 <0.001 12.2 -37.4,61.7 0.63
FvC
D-dimer (mcg/ml) -382.2 -452.6,-311.8 <0.001 33.1 -20.1, 86.3 0.22
hsCRP (mcg/ml) -109.5 -148.6,-70.5 <0.001 -414 -65.9, -16.8 <0.001
IL-6 (pg/ml)  -88.3 -167.4,-9.3 0.03 -64.3 -114.3,-144 0.01
IL-27 (pg/ml) 710 30.0,1120 <0001 -4.0 -29.9,21.9 0.76
Serum amyloid A (mg/L) -82.5  -126.8,-38.2 <0.001 -29.2  -56.6,-18 0.04
SICAM-1 (mcg/mL)  -18.2 -128.9, 92.6 0.75 -36.7 -106.1, 32.6 0.30
sVCAM-1 (mcg/mL)  287.4 177.9, 396.8 <0.001 14.9 -57.9,87.8 0.69
IL-6/D-dimer scorez -575.3 -764.1,-386.5 <0.001 -100.6 -226.1,24.9 0.12
Albumin (g/dL)  2079.3  1573.6,2584.9 <0.001 -142.0 -493.1,209.1 0.43
Total bilirubin (mg/dL)  271.4 182.4, 360.4 <0.001 19.7 -40.4,79.7 0.52
FEV,/FVC
D-dimer (mcg/ml)  -0.89 -1.3,-05 <0.001 -057 -1.0,-0.1 0.02
hsCRP (mcg/ml) ~ -0.26 -0.5, -0.0 0.03 -0.10 -0.3,0.1 0.38
IL-6 (pg/ml)  —0.92 -1.4,-05 <0001 -0.54 -1.0,-0.1 0.02
IL-27 (pg/ml)  0.03 -0.2,0.3 0.84 0.13 -0.1,0.4 0.27
Serum amyloid A (mg/L) 0.01 -0.2,0.3 0.92 0.00 -0.2,0.2 0.98
SICAM-1 (mcg/mL)  —0.46 -1.1,0.2 0.17 0.08 -0.5,0.7 0.81
sVCAM-1 (mcg/mL)  -0.43 -1.1,0.2 0.20 0.30 -0.3,0.9 0.36
IL-6/D-dimer scorez -2.74 -3.9,-16 <0.001 -1.65 -2.7,-0.6 0.003
Albumin (g/dL) 3.74 0.7,6.8 0.02 2.35 -0.7,54 0.13
Total bilirubin (mg/dL) 0.30 -0.2,0.8 0.27 -0.18 -0.7,0.3 0.51
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ladjusted for age, sex, race, region, smoking status, CD4+ T-cell count, and HIV-RNA.
2[0.33 x log2 IL-6 + 0.16 x log2 D-dimer] [17]

3{5 represent tde difference in lung function (FEV1, FVC, or FEV1/FVC) associated witd a doubling of tde corresponding biomarker
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Table 4:

Longitudinal analyses. Univariable (unadjusted) and multivariable” (adjusted) linear regression of longitudinal
changes in FEV1 (mL/yr), FVC (mL/yr), and FEVZ/FVC (x1000/yr) on log,-transformed baseline biomarkers.

Univariable Multivariable®
Lab value (log 2) p;3 95% C.I.  P-value [33 95% C.I.  P-value
FEV; Slope
D-dimer (mcg/ml)  -0.4 -5.7,4.9 0.88 -0.5 -5.8,4.8 0.86
hsCRP (mcg/ml) 2.6 -0.1,5.3 0.06 25  -02,52 0.07
IL-6 (pg/ml) 0.9 -45,6.4 0.73 09  -46,63 0.75
IL-27 (pg/ml) -1.0  -3.8,1.9 052 -09 -38,20 0.54
Serum amyloid A (mg/L) 2.3 -0.8,55 0.15 2.3 -0.8,5.5 0.14
SICAM-1 (mcg/mL) 14 -6.0, 8.7 0.72 13 -6.1, 8.6 0.73
sVCAM-1 (mcg/mL)  -4.2 -11.6,3.1 0.26 -42 -115,32 0.27
IL-6/D-dimer ScoreZ 2.0 -11.3,15.3 0.77 1.7 -11.7,15.0 0.81
Albumin (g/dL) -10.7 -475,262 057  -91 -459,27.8  0.63
Total bilirubin (mg/dL) -22 ~ -87,43 050 -21 -86,44 053
FVC Slope
D-dimer (mcg/ml)  -1.4 -7.5,4.7 0.66 -1.6 -7.7,4.6 0.62
hsCRP (mcg/ml) 1.4 -17,4.6 0.38 14  -18,45 0.40
IL-6 (pg/ml) -0.6  -6.9,5.7 086 -07 -7.0,56 0.83
IL-27 (pg/ml) 0.8  -4.1,25 064 -07 -4.0,26 0.69
Serum amyloid A (mg/L) 1.8 -1.9,54 0.34 1.8 -1.9,54 0.34
SICAM-1 (mcg/mL) 4.3 -4.1,12.8 0.31 4.4 -4.1,12.8 0.31
sVCAM-1 (mcg/mL) -1.6 -10.1,6.9 0.71 -1.3 -9.8,7.3 0.77
IL-6/D-dimer score?. 21 175134 079 -27 -182,128  0.73
Albumin (g/dL)  -6.7  —49.6, 36.1 0.76 -2.9 -45.9,40.1 0.89
Total bilirubin (mg/dL) 1.6 -5.9,9.2 0.67 1.8 -5.7,9.4 0.63
FEV1/FVC Slope

D-dimer (mcg/ml)  -0.1 -0.8,0.7 0.84 -0.1 -0.8,0.7 0.89

hsCRP (mcg/ml) 03  -0.1,07 011 03  -01,07 0.0
IL-6 (pg/ml) 03  -04,1.1 038 04 -04,11 036

IL-27 (pg/ml) 00  -04,04 084 00 -04,04 087

Serum amyloid A (mg/L) 02 —0.2,0.7 029 02 -02,07 029

SICAM-1 (mcg/mL) -0.4 -1.4,0.6 0.40 -04 -14,06 0.40
sVCAM-1 (mcg/mL) 0.7 -1.7,03 0.20 -0.7 -1.7,0.3 0.18

L-6/D-dimer score? 06 ~1225 050 07 -11,25 047

Albumin (g/dL) 0.2 -4.8,5.2 0.94 0.0 -5.1,5.0 0.99
Total bilirubin (mg/dL)  -0.7 -16,0.2 0.12 -0.7 -16,0.2 0.12
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adjusted for age, sex, race, region, smoking status, treatment group (immediate vs. deferred antiretroviral treatment initiation), CD4+ T-cell count,
and HIV-RNA.

2[0.33 x log2 IL-6 + 0.16 x log2 D-dimer] [17]

3[3 represent the difference in lung function slope (FEV1, FVC, or FEV1/FVC) associated with a doubling of the corresponding biomarker
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