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Pneumoproteins and biomarkers 
of inflammation and coagulation 
do not predict rapid lung function 
decline in people living with HIV
David M. MacDonald 1,2*, Sarah Samorodnitsky 2, Chris H. Wendt 1,2, Jason V. Baker 2,3, 
Gary Collins 2, Monica Kruk 2, Eric F. Lock 2, Roger Paredes 4, Selvamuthu Poongulali 5, 
Danielle O. Weise 2, Alan Winston 6,7, Robin Wood 8, Ken M. Kunisaki 1,2 & INSIGHT START 
Pulmonary Substudy Group *

Chronic obstructive pulmonary disease (COPD) is among the leading causes of death worldwide 
and HIV is an independent risk factor for the development of COPD. However, the etiology of this 
increased risk and means to identify persons with HIV (PWH) at highest risk for COPD have remained 
elusive. Biomarkers may reveal etiologic pathways and allow better COPD risk stratification. We 
performed a matched case:control study of PWH in the Strategic Timing of Antiretoviral Treatment 
(START) pulmonary substudy. Cases had rapid lung function decline (> 40 mL/year  FEV1 decline) and 
controls had stable lung function (+ 20 to − 20 mL/year). The analysis was performed in two distinct 
groups: (1) those who were virally suppressed for at least 6 months and (2) those with untreated HIV 
(from the START deferred treatment arm). We used linear mixed effects models to test the relationship 
between case:control status and blood concentrations of pneumoproteins (surfactant protein-D 
and club cell secretory protein), and biomarkers of inflammation (IL-6 and hsCRP) and coagulation 
(d-dimer and fibrinogen); concentrations were measured within ± 6 months of first included 
spirometry. We included an interaction with treatment group (untreated HIV vs viral suppression) to 
test if associations varied by treatment group. This analysis included 77 matched case:control pairs 
in the virally suppressed batch, and 42 matched case:control pairs in the untreated HIV batch (n = 238 
total) who were followed for a median of 3 years. Median (IQR) CD4 + count was lowest in the controls 
with untreated HIV at 674 (580, 838). We found no significant associations between case:control 
status and pneumoprotein or biomarker concentrations in either virally suppressed or untreated PWH. 
In this cohort of relatively young, recently diagnosed PWH, concentrations of pneumoproteins and 
biomarkers of inflammation and coagulation were not associated with subsequent rapid lung function 
decline.

Trial registration: NCT00867048 and NCT01797367.

Chronic obstructive pulmonary disease (COPD) and human immunodeficiency virus (HIV) are among the 
leading causes of death  worldwide1. COPD is common in HIV, and HIV is an independent risk factor for 
the development of COPD, airflow obstruction, and worse lung  function2,3. Decreased lung function, airway 
obstruction, and lower diffusing capacity are associated with increased mortality in people with HIV (PWH)4,5. 
Smoking, high viral load, and low nadir CD4 + T-cell counts increase susceptibility to COPD among PWH, but 
underlying mechanisms of how HIV affects COPD pathogenesis remain unknown and biomarkers of COPD 
risk in PWH have not been  established6–9.
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Biomarkers of systemic inflammation and coagulation in PWH are predictive of a variety of clinically impor-
tant outcomes including death, cardiovascular disease, and  malignancies10,11. Biomarkers of inflammation, coagu-
lation, immune activation, and endothelial activation have been associated with cross-sectional lung function, 
but cross-sectional analyses are limited by the possibility of reverse causality, where a pulmonary process leads 
to an increase in biomarkers, whereas longitudinal analyses have the potential to predict lung function decline, 
and identify etiologic  pathways12–22. Reliable predictors of lung function decline have been elusive, but higher 
blood concentrations of the pneumoprotein club cell secretory protein (CCSP) may be associated with slower 
decline in  FEV1 in people with COPD and in the general non-HIV  population23,24. The pneumoprotein surfactant 
protein D (SPD) has not been associated with longitudinal lung function in non-HIV COPD, but blocks HIV 
entry into target cells, is involved in innate immunity, and is reduced with initiation of antiretroviral therapy 
(ART); thus it may have a unique role in HIV-related lung  disease24–26. The association of CCSP or SPD with 
longitudinal lung function decline in PWH has not been evaluated.

We sought to test the ability of the pneumoproteins SPD and CCSP, biomarkers of inflammation [C-reactive 
protein (CRP) and interleukin-6 (IL6)], and biomarkers of coagulation (d-dimer and fibrinogen) to predict lung 
function decline, both among PWH with effective viral suppression and those with untreated HIV.

Methods
We conducted this study using data and stored plasma samples collected in the Strategic Timing of Antiretroviral 
Treatment (START) Pulmonary  Substudy27.

Parent cohort description. The design, methods, participant characteristics, and primary results of the 
parent START trial and its Pulmonary Substudy have been previously  published27–30. Briefly, START enrolled 
HIV-positive, ART-naïve adults > 18 years of age with CD4 + T-cell counts > 500 cells/mm3 and then randomized 
participants to either immediate initiation of ART or deferred initiation until the CD4 + count declined to 
350 cells/mm3 or AIDS developed. Participants were seen at study centers every 4 months, at which time fast-
ing plasma was also collected for future analyses in those who provided informed consent for sample storage. 
Of 4685 participants enrolled in the parent START trial (from 215 sites in 35 countries), we co-enrolled 1026 
participants (from 80 sites in 20 countries) into the START Pulmonary Substudy prior to randomization. In 
addition to the entry criteria for the parent START trial, additional Pulmonary Substudy criteria included the 
requirement that participants be ≥ 25 years old and free of factors affecting validity or safety of post-bronchodi-
lator spirometry testing (e.g. respiratory illness within six weeks; surgery of the chest, abdomen, or eyes within 
three months; allergy to albuterol/salbutamol; unstable cardiac condition).

All START Pulmonary Substudy participants and START parent study participants provided informed con-
sent specific to their study participation, all site institutional review boards/ethics committees approved the 
substudy, and we registered the substudy at ClinicalTrials.gov [NCT01797367 (2/22/2013) and NCT00867048 
(2/23/2009)]. This study was performed in accordance with the relevant guidelines and regulations/ethical prin-
ciples of the Declaration of Helsinki.

Spirometry methods and outcomes. Study participants performed post-bronchodilator spirometry at 
baseline prior to randomization and annually during follow-up. Spirometry was performed using the EasyOne 
ultrasonic flow device (ndd Medical, Zurich, Switzerland) following inhalation of 180 mcg of albuterol/salbuta-
mol via a metered dose inhaler. Author KMK centrally reviewed all spirometry tests for quality control. Repeat 
testing was requested when tests failed to meet published quality  standards31. We used Global Lung Function 
Initiative (GLI) 2012 normative equations to determine predicted  FEV1 and the lower limit of normal (fifth 
percentile) of the  FEV1/FVC  ratio32.  FEV1 slope was determined using repeated measures mixed models in the 
original analysis and in this  analysis27.

Study design. We designed this analysis as a matched case:control study based upon rate of  FEV1 
decline.  FEV1 decreases with age, but faster decline in  FEV1 is a marker of COPD susceptibility and increased 
 mortality33–35. Cases were defined as participants with rapid lung function decline, defined as an  FEV1 slope of 
faster than − 40 mL/year. Though there is no consensus definition of rapid lung function decline, a rate of decline 
in  FEV1 greater than 40 mL/year is commonly  used24,33,35. Controls were defined as participants with stable lung 
function decline, defined as an  FEV1 slope between − 20 and + 20 mL/year. We sought to test biomarkers of rapid 
lung function decline in two distinct groups of PWH: (1) those on ART with effective viral suppression and (2) 
those with untreated HIV. Therefore case:control identification was carried out in two distinct groups.

In the first group of case:control identification, we searched for matched case:control pairs among a virally 
suppressed group. In START, all participants were naïve to ART at study entry, so viral suppression could only 
be achieved at follow-up visits. Elite controllers, defined as having entered the study with HIV-RNA < 200 copies/
mL despite lack of any previous ART exposure were excluded from this analysis. Participants could enter the viral 
suppression group if the met the following four criteria: (1) a minimum of 6 months with HIV-RNA < 200 copies/
mL while on ART, (2) no subsequent HIV-RNA levels ≥ 200 copies/mL, (3) at least three high-quality annual 
 FEV1 measurements beginning after at least 6 months of HIV-RNA < 200 copies/mL and (4) a corresponding 
plasma sample was available in the repository within ± 6 months of the first high-quality spirometry measure 
(and after the required 6 months with HIV-RNA level < 200 copies/mL). We allowed those in either arm of 
START (immediate or deferred ART initiation) to enter this analysis if they met these criteria, to better reflect 
clinical practice and allow a mix of CD4 + T-cell counts at the time of the plasma sample. This overall selection 
criteria allowed us to evaluate the relationship between biomarker concentrations and subsequent lung function 
decline in PWH who have successfully achieved viral suppression. We matched cases and controls (1:1 ratio) 
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on sex and assigned randomization arm (immediate vs. deferred ART initiation), along with age (± 10 years), 
smoking status, and lung function (± 15% of predicted  FEV1) at the first lung function test used in the analysis.

For the second case:control group, we searched for matched case:control pairs among an untreated HIV 
group. In START, since approximately half of participants were randomized to begin ART immediately after 
randomization, the untreated HIV group was restricted to those randomized to the deferred ART strategy. 
Participants could enter the untreated HIV group if they had three or more high-quality annual  FEV1 measure-
ments, no current or previous ART exposure at the time of those measurements, and a plasma sample available 
in the repository within ± 6 months of the first high-quality spirometry measurement. We also excluded elite 
controllers from this untreated HIV group. Due to the smaller pool of eligible participants in this untreated HIV 
analysis, we matched (1:1 ratio) on only age (± 10 years), smoking status, and lung function (± 15% of predicted 
 FEV1) at the first lung function test used in the analysis.

Biomarker measurements. Samples were collected at baseline and all follow up visits (1 month, 4 months, 
and every 4 months thereafter) and stored in a central laboratory at – 70 °C. Assays were performed using com-
mercially available ELISA kits (Abcam, Cambridge, UK), with antibody kit numbers listed as [abxxxxxx] below. 
Participant samples were randomly assigned to individual masterplates and all ELISA assays were performed in 
duplicate with values below the limit of detection assigned the lower limit of detection value.

Our primary focus was to test the ability of the plasma pneumoproteins CCSP [ab238266] and SPD 
[ab239431] to identify risk of rapid lung function decline among PWH. We also investigated biomarkers with 
previously published data from PWH suggesting their potential to predict pulmonary outcomes in HIV-positive 
persons. These included the marker of Th1 inflammation interleukin-6 (IL-6 [ab178013]), the general systemic 
inflammatory response marker high-sensitivity C-reactive protein (hsCRP [ab181416]) and markers of activated 
coagulation (fibrinogen [ab208036] and d-dimer [ab196269]).

Statistical analysis. We created histograms for each protein to assess skewness, and data were log trans-
formed to improve normality if indicated. Pairwise concordance of replicate samples was assessed via Pearson’s 
correlation coefficient, and the log replicates were then averaged as the primary outcome variable in our models.

In our primary analyses we used standard linear models and linear mixed effects models to test whether 
case:control status and treatment status (virally suppressed vs untreated HIV) had a significant effect on the 
measured protein concentrations. We used these methods, rather than logistic regression, because one of our 
primary goals was to separately test associations in well controlled HIV and untreated HIV. Since matching was 
performed separately in each treatment group, there would be no association between treatment group and 
case:control status in logistic regression models. Logistic regression would also not have allowed us to test for 
an interaction between case:control status and treatment group on the levels of each biomarker. We hypoth-
esized that the association between case:control status and biomarker concentrations may differ in the virally 
suppressed and untreated HIV groups, so we included an interaction term between case:control and treatment 
status (case:control × treatment status). We were unable to match for sex in the untreated HIV group, so sex was 
a covariate in those analyses. We also considered including a random effect for each matched pair, and a random 
intercept for the masterplate. We used the Akaike information criteria (AIC) to compare models of different 
 complexity36. If the AICs for two models were within 2 units of each other, we selected the simpler model. We 
reported the significance of case:control status, treatment group, and their interaction on biomarker levels using 
Type I sums of squares based on the model selected using the AIC.

In secondary analyses we used paired t-tests to test whether log transformed biomarker concentrations 
varied by case:control status and treatment group. This was chosen as a secondary analysis as this method is 
straightforward but does not allow us to control for masterplate or sex, and additionally does not account for 
treatment group. We further used two-sample t-tests to test whether log-transformed biomarker concentrations 
varied by case:control status.

All statistical analyses were conducted using R version 3.6.1.

Ethics declarations. The INSIGHT Network used the University of Minnesota Institutional Review Board 
(ID number: 0603M83587) for the START parent study and START Pulmonary Substudy. The START Pulmo-
nary substudy was also approved by the institutional review board/ethics committee at each site.

Study drugs. Antiretroviral drugs were donated to the central drug repository by AbbVie, Bristol-Myers 
Squibb, Gilead Sciences, GlaxoSmithKline/ViiV Healthcare, Janssen Scientific Affairs, and Merck.

Results
Participants and matching. Of 1026 participants in the START Pulmonary Subsudy, we identified 77 
eligible matched case:control pairs (n = 144 total) amongst the viral suppression group. We identified 43 matched 
pairs in the untreated HIV group, but at the time of biomarker measurement one serum sample was missing, and 
that case:control pair was excluded, leaving 42 matched pairs (n = 84 total) in the untreated HIV group (see Fig. 1 
for STROBE figure). The most common reasons for exclusion were intermediate lung function decline (neither 
rapid nor stable, so neither meeting case or control criteria) and lacking three or more annual high-quality 
spirometry tests under the same treatment conditions (virally suppressed or untreated).

Characteristics of the cases and matched controls are shown in Table 1 for both the virally suppressed and 
untreated HIV groups. Median age was similar in cases and controls, across both groups. In the untreated 
HIV group, there were more female, and fewer Black participants among controls than among cases. Very few 
participants (n = 4 total) likely acquired HIV through injection drug use. As expected, CD4 + T cell counts at 
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the first  FEV1 measurement used were lower in the untreated HIV group than the virally suppressed group, but 
were similar in cases and matched controls in both groups. Median lung function, as measured by  FEV1 percent 
predicted at the time of first included  FEV1 measurement, was normal. There were minimal differences in lung 
function, HIV lab values, or timing of biomarker measurement between cases and matched controls in the viral 
suppression group, or the untreated HIV group (Supplementary Table S1). Longitudinal lung function decline 
in cases and matched controls for both groups is shown in Table 2.  FEV1 decline was much faster in cases (− 86 
and − 105 mL/year in virally suppressed and untreated, respectively) than controls (− 3 and − 5 mL/year in virally 
suppressed and untreated, respectively).

Biomarkers. The correlation between experimental replicates was greater than 0.8 for all biomarkers con-
sidered. Histograms of the averaged biomarker replicates before and after log transformation are included in the 
online supplement (Supplementary Fig. S2).

Associations between case:control status, treatment group, and biomarker concentra-
tions. Results for our primary analysis, testing whether case:control status, treatment group (viral suppression 
vs untreated HIV), and their interaction affected biomarker concentrations, are shown in Table 3. Case:control 
status did not have a significant relationship with any of the six biomarkers. Treatment group had a significant 
relationship with d-dimer concentrations (F-value 6.49; p-value 0.01), but not other biomarkers. We also found 
a significant interaction between case:control status and treatment group on d-dimer concentrations (interac-
tion p = 0.03), indicating that the association between case:control status and d-dimer concentrations varies by 
treatment group. However, the individual strata p-values were not statistically significant in either the virally 
suppressed (p = 0.49) or the untreated strata (p = 0.09).

In secondary analyses comparing biomarker concentrations by t-testing rather than linear models, we found 
no significant difference in biomarker concentrations between cases and controls (Fig. 2). When comparing the 
untreated HIV and virally suppressed groups, both d-dimer concentrations [mean (95% CI) for difference in log 
(pg/mL) − 0.47 (− 0.76 to − 0.18)] and IL-6 concentrations [− 0.41 (− 0.75 to − 0.08)] were lower in the virally 
suppressed group (Supplementary Fig. S3).

Discussion
We found no difference in plasma concentrations of pneumoproteins or biomarkers of inflammation and coagula-
tion among PWH with rapid lung function decline compared to PWH with stable lung over a median of 3 years 
of follow up. Findings were consistent for both untreated HIV and virally suppressed groups.

The use of samples and data from the START Pulmonary Substudy uniquely allowed us to investigate asso-
ciations between biomarkers and longitudinal lung function in two well characterized groups of PWH, with 
either untreated HIV or viral suppression. Based in large part on findings from the parent START trial, current 
recommendations are to immediately begin treatment for HIV at the time of diagnosis, but studying the untreated 
HIV group may still have relevance to persons who present late in the course of HIV infection or face barriers to 
accessing ART. The virally suppressed group represents current optimal care, with early ART initiation at high 
CD4 + T-cell counts. Findings among virally suppressed PWH have the potential to identify those most at risk 
for future lung disease and to reveal pathways important in HIV lung disease pathogenesis in the modern era of 
more widely available HIV testing and immediate treatment.

One of our primary goals was to evaluate the association between blood pneumoprotein concentrations 
and longitudinal lung function in PWH. Blood biomarkers of lung function decline have been  elusive37. We 
measured two of the most well characterized blood pneumoproteins: (1) SPD, which is produced by type II 

Figure 1.  STROBE participant selection figure.
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alveolar cells, involved in innate immunity, and may have a unique role in HIV; and (2) CCSP, which is formed 
in the bronchioles, and is the only pneumoprotein that has shown a relationship with longitudinal lung function 
decline in multiple large  studies24,26,38–40. Though lower CCSP concentrations may be predictive of faster lung 
function decline, these associations have been quite weak, even in large studies  (r2 = 0.0043 for the relationship 
between log transformed CCSP concentrations and  FEV1 decline in 4724 participants in the Lung Health Study, 
and a 1 SD decrease associated with a 4 ± 2.1 mL/year faster  FEV1 decline in 2163 participants in ECLIPSE)24,39. 
We were likely underpowered to find a significant relationship between CCSP and rapid lung function decline. 
We also studied a cohort of PWH without established lung disease as opposed to these previous studies in non-
HIV COPD, which included participants with at least moderate expiratory airflow obstruction. Though blood 

Table 1.  Demographic and clinical characteristics of study participants. Data shown as median (interquartile 
range) or n (%). Data are reported at time of plasma biomarker assessment. FEV1 forced expiratory volume in 
1-s, FVC forced vital capacity, HIV human immunodeficiency virus, START  strategic timing of antiretroviral 
therapy. a From Global Lung Function Initiative (GLI) 2012  equations32.

Viral suppression Untreated HIV

Cases
n = 77

Controls
n = 77

Cases
n = 42

Controls
n = 42

Demographics

 Age (years) 36.0 (31.0, 44.0) 35.0 (31.0, 41.0) 36.0 (29.8, 44.5) 37.0 (29.3, 42.0)

 Female 16 (20.8%) 16 (20.8%) 16 (38.1%) 22 (52.4%)

Race

 Black 23 (29.9%) 19 (24.7%) 28 (66.7%) 14 (33.3%)

 Latino/Hispanic 7 (9.1%) 20 (26.0%) 5 (11.9%) 8 (19.0%)

 Asian 23 (29.9%) 10 (13.0%) 1 (2.4%) 7 (16.7%)

 White 24 (31.2%) 28 (36.4%) 8 (19.0%) 12 (28.6%)

 Other 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (2.4%)

Region

 Africa 21 (27.3%) 17 (22.1%) 25 (59.5%) 14 (33.3%)

 Asia 23 (29.9%) 10 (13.0%) 1 (2.4%) 7 (16.7%)

 Europe/Israel/Australia 15 (19.5%) 23 (29.9%) 3 (7.1%) 10 (23.8%)

 Latin America 10 (13.0%) 20 (26.0%) 11 (26.2%) 10 (23.8%)

 United States 8 (10.4%) 7 (9.1%) 2 (4.8%) 1 (2.4%)

HIV history

Likely mode of HIV infection

 Injection drug use 1 (1.3%) 1 (1.3%) 0 (0.0%) 0 (0.0%)

 Male sexual contact with person of same sex 47 (61.0%) 51 (66.2%) 12 (28.6%) 15 (35.7%)

 Sexual contact with person of opposite sex 27 (35.1%) 23 (29.9%) 30 (71.4%) 24 (57.1%)

 Other/unknown 2 (2.6%) 2 (2.6%) 0 (0.0%) 3 (7.1%)

 Years HIV positive 0.8 (0.3, 3.0) 0.9 (0.3, 2.1) 1.6 (0.5, 3.4) 2.1 (0.8, 5.5)

HIV lab data

 CD4 + T cell count (cells/mm3) 747 (621, 947) 747 (628, 880) 722 (583, 831) 674 (580, 838)

 CD8 + T cell count (cells/mm3) 806 (628, 925) 723 (573, 963) 926 (745, 1115) 961 (709, 1288)

 CD4 + /CD8 + ratio 0.99 (0.76, 1.24) 1.01 (0.73, 1.31) 0.77 (0.55, 1.05) 0.74 (0.51, 0.90)

 HIV-RNA  (log10 copies/ml) 1.3 (1.3, 1.6) 1.3 (1.3, 1.6) 3.8 (3.1, 4.3) 3.9 (3.4, 4.4)

Medical history at study entry

 Body mass index (kg/m2) 25.2 (21.2, 27.0) 24.1 (22.0, 27.3) 25.5 (21.6, 27.4) 24.0 (21.8, 28.4)

 Current smoker 19 (24.7%) 19 (24.7%) 11 (26.2%) 11 (26.2%)

 Prior cardiovascular disease 0 (0%) 0 (0%) 0 (0%) 0 (0%)

 Hypertension 15 (80.5%) 9 (11.7%) 10 (23.8%) 5 (11.9%)

 Diabetes 1 (1.3%) 1 (1.3%) 0 (0%) 0 (0%)

 Hepatitis B or C 4 (5.2%) 5 (6.5%) 1 (2.4%) 2 (4.8%)

Lung function, at first included measurement

  FEV1 (l) 3.54 (3.01, 4.01) 3.64 (2.85, 4.15) 3.15 (2.72, 3.58) 2.86 (2.24, 3.75)

 FVC (l) 4.20 (3.54, 5.11) 4.44 (3.56, 5.05) 3.72 (3.26, 4.53) 3.53 (2.85, 4.71)

  FEV1/FVC ratio 0.83 (0.80, 0.86) 0.82 (0.80, 0.85) 0.83 (0.79, 0.87) 0.84 (0.78, 0.88)

 < 0.7 4 (5.2%) 0 (0%) 0 (0%) 4 (9.5%)

 < Lower limit of  normala 4 (5.2%) 1 (1.3%) 1 (2.4%) 2 (4.8%)

  FEV1 as % of  predicted1 97.1 (86.4, 105.0) 95.6 (88.2, 102.9) 95.6 (89.8, 102.0) 95.7 (85.1, 107.7)
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pneumoproteins are appealing because they can be collected rather simply, they cannot directly measure what 
is happening at the level of the lung tissue. Direct measurements of pneumoproteins from lung tissue or bron-
choalveolar lavage may be more revealing, but these samples would require more invasive methods.

There are few previous analyses of blood pneumoproteins and lung function in PWH, and we are aware of 
no previous analyses of pneumoproteins and longitudinal lung function in PWH. In a cross-sectional analysis 
of PWH (n = 65) Jeon and colleagues found significant associations between higher CCSP and lower FVC, and 
higher CCSP and lower diffusing capacity for carbon monoxide  (DLCO)41. Those findings were in contrast to 
general COPD as discussed above, where higher CCSP has been associated with better cross-sectional lung func-
tion and slower longitudinal lung function  decline24. Analysis of CCSP in larger cohorts of PWH would help to 
clarify these associations and how they compare to non-HIV COPD, though the general population data suggest 
that CCSP may be a relatively weak marker of obstructive lung disease risk. Similar to our findings, Jeon et al. 
found no significant associations between SPD and lung function in  PWH41.

We also found that treatment status (viral suppression or untreated HIV) had no effect on SPD or CCSP. These 
findings are consistent with Shiels and colleagues who found no significant differences in SPD concentrations 
between those on ART and not on ART 42. We previously reported that SPD decreased after initiation of ART, 
but that was a small study (n = 15) in persons with more advanced HIV (median CD4 + cell count 320 cells/

Table 2.  Longitudinal lung function in cases and controls by treatment group. Results are shown as median 
(interquartile range). FEV1 forced expiratory volume in 1-s, FVC forced vital capacity, mL milliliters.

Viral suppression Untreated HIV

Cases
n = 77

Controls
n = 77

Cases
n = 42

Controls
n = 42

FEV1 slope (mL/year) − 86.0 (− 125.0, − 65.0) − 3.0 (− 11.4, 10.0) − 105.0 (− 160.0, − 76.3) − 5.0 (− 11.5, 3.5)

FVC slope (mL/year) − 65.6 (− 96.6, − 14.7) 0 (− 32.3, 36.3) − 61.0 (− 89.0, − 26.0) − 5.0 (− 29.0, 22.0)

FEV1/FVC slope (% per year) − 0.65 (− 1.16, − 0.04) − 0.20 (− 0.57, 0.27) − 0.53 (− 1.13, − 0.06) − 0.45 (− 0.82, 0.14)

Number of  FEV1 measurements 4 (3, 4) 4 (3, 5) 3 (3, 4) 4 (3, 4)

Table 3.  Effect of case:control status, treatment group, and their interaction (case:control status × treatment 
group) on biomarker concentrations. Cases represent participants with rapid  FEV1 decline (≥ 40 mL/year), 
and controls are participants with stable  FEV1 (− 20 mL/year to + 20 mL/year). Treatment group represents 
the effect of being in the virally suppressed vs untreated HIV groups on biomarker concentrations. All models 
incorporate sex as a covariate. a These models incorporate a random effect for masterplate based on AIC values.

F value Pr (> F)

Surfactant protein  Da

 Case:Control 0.24 0.62

 Treatment group 0.08 0.78

 Interaction 0.00 0.96

Club cell secretory protein

 Case:Control 0.69 0.41

 Treatment group 0.35 0.56

 Interaction 1.72 0.19

Interleukin-6a

 Case:Control 0.47 0.49

 Treatment group 2.54 0.11

 Interaction 0.25 0.62

C-reactive protein

 Case:Control 0.03 0.86

 Treatment group 0.12 0.73

 Interaction 1.34 0.25

Fibrinogena

 Case:Control 2.02 0.16

 Treatment group 0.009 0.92

 Interaction 1.26 0.26

D-Dimera

 Case:Control 0.47 0.49

 Treatment group 6.49 0.01

 Interaction 4.53 0.03
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mm3), and the pathways leading to changes in SPD and lung function may be different in more advanced  HIV43. 
Jambo and colleagues analyzed SPD concentrations in bronchoalveolar lavage (BAL) fluid from PWH and HIV 
negative participants. They found that BAL SPD concentrations were similar in HIV negative participants and 
PWH with CD4 + counts > 200, but SPD concentrations were greater in those with CD4 + counts <  20044. These 
data suggest that SPD may be more important in PWH with lower CD4 + counts, and though we analyzed a 
group of PWH with untreated HIV, very few participants reached CD4 + counts as low as these previous studies 
because ART was initiated at a CD4 + count of 350 cells/mm3

, and the study was terminated early at which time 
all participants were offered ART 28.

We did not find a significant association between longitudinal lung function decline and biomarkers of 
inflammation and coagulation. There are few previous studies of these associations. Our findings are consistent 
with Gupte and colleagues who found that CRP had no association with longitudinal lung function in 619 South 
African  PWH15. Our findings are also consistent with Fitzpatrick and colleagues who found that IL-6 was not 

Figure 2.  Comparison of log transformed biomarker concentrations by case:control status, where cases 
represent those with rapid lung function decline  (FEV1 decline faster than 40 mL/year) and controls represent 
those with stable lung function  (FEV1 change between − 20 and 20 mL/year). Values across the top represent the 
mean (95% confidence interval) of the differences in biomarker levels within each case control pair and p-values 
are from paired t-tests.
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associated with longitudinal lung function (n = 124 PWH in the Lung HIV study)14. Verboeket and colleagues 
recently found that higher hsCRP and lower IL-6 were associated with faster decline in  FEV1, but as they dis-
cussed, these relationships may have been confounded by smoking (which is known to increase inflammatory 
markers and decrease lung function), and when they analyzed these relationships among non-smokers, they 
were no longer  significant22. Lastly, in a previous analysis of the START Pulmonary Substudy utilizing biomark-
ers measured at the time of study entry (i.e. when all participants were ART naïve, but some were subsequently 
immediately initiated on ART), we found cross-sectional associations between biomarkers of inflammation and 
coagulation, but no associations with subsequent longitudinal lung function  decline18. We are aware of no other 
data on the association between biomarkers of inflammation and coagulation and longitudinal lung function 
in PWH.

Biomarkers of inflammation and coagulation have been associated with cross-sectional lung function meas-
ures in previous studies of PWH. For example, in the study of 124 PWH in the Lung HIV study mentioned 
previously, higher IL-6 was associated with lower baseline FEV1% predicted and  DLCO % predicted, but not 
with longitudinal changes in either  measure14. In a cross-sectional analysis of 147 HIV-positive individuals by 
the same authors, CRP and IL6 were associated with lower FEV1%  predicted13. Cross-sectional analyses have 
not shown a relationship between fibrinogen and  FEV1 in PWH, but higher fibrinogen may be associated with 
small airway dysfunction in  PWH16,18,20 In our previous analysis of the START Pulmonary Substudy we found 
that IL-6, hsCRP, serum amyloid A (another inflammatory marker), and the IL-6/d-dimer score were associated 
with cross-sectional  FEV1, but none associated with subsequent longitudinal lung function  decline18. In sum, 
these data suggest reverse causality, where a pulmonary process leads to worse lung function, inflammation, 
and coagulation, as opposed to inflammation or dysregulated coagulation driving worsening lung function.

Though not the primary focus of this analysis, we also tested the effect of treatment group (virally sup-
pressed vs untreated HIV) on biomarkers of inflammation and coagulation. In our primary analysis we found 
that d-dimer was lower among virally suppressed participants than among participants with untreated HIV; in 
secondary analysis, we found that both IL-6 and d-dimer concentrations were lower in virally suppressed partici-
pants than those with untreated HIV. This is consistent with a previous analysis in the Strategies for Management 
of Antiretroviral Therapy (SMART) trial where a randomized comparison of patients who received immediate 
ART showed a decrease in d-dimer and trend toward a decrease in IL-6, compared to participants who received 
deferred ART 45. This is also consistent with a previous analysis of the parent START trial, in which participants 
assigned to immediate ART had significant reductions in d-dimer and IL-6 over 8 months compared to those 
assigned to deferred ART. There was no significant difference in change in  hsCRP46.

Our study has several limitations. First, we did not measure other pneumoproteins, such as prosurfactant 
protein B, which have shown variation by HIV status and CD4 +  counts42. We also did not measure markers of 
endothelial function, such as endothelin-1 which has been associated with longitudinal decline in  FEV1 and 
 DLCO, and macrophage activation, such as soluble CD163 which have been associated with longitudinal  DLCO 
decline (n = 70 PWH) 14]. Second, we did not have measures of diffusing capacity, which are the most frequently 
abnormal measure of lung function in  PWH43. Third, we had a modest sample size which limited power to detect 
small effect sizes, particularly in the context of analyzing pneumoproteins which have shown very small effect 
sizes in non-HIV  cohorts24,39. Fourth, we do not have bronchoalveolar lavage or other respiratory samples in the 
START Pulmonary Substudy, and findings in respiratory samples are not always reflected in  plasma47. Lastly, we 
studied a cohort of generally young, recently diagnosed PWH with high CD4 + counts at relatively low risk of 
lung disease. Though this is a limitation, we feel it is also a strength, as this represents optimal care and should 
represent an increasing proportion of PWH in coming years. Though these participants were at a low risk of lung 
disease, the use of a matched case:control design allowed us to compare participants with rapid lung function 
decline (median  FEV1 decline of 86 to 105 mL/year depending on group) to participants with stable lung func-
tion (median  FEV1 decline 3 to 5 mL/year), and all participants had at least 3 high quality spirometry measures. 
This case:control design and large difference in lung function decline also maximized power given our modest 
sample size. Future work in our cohort will use untargeted metabolomic profiling methods to identify other 
potential biomarkers and pathways that might explain why these persons with early HIV experience such rapid 
lung function decline, independent of cigarette smoking.

Our study has several additional strengths. Our international, multi-center, clinical trial cohort is uniquely 
representative of the global HIV epidemic.  FEV1 decline was the carefully standardized and quality controlled 
primary outcome of the substudy, thus providing high quality measures of lung function. We also utilized the 
randomization to immediate versus deferred ART to analyze associations in those with virally suppressed HIV 
and untreated HIV. Finally, this is the first study to analyze the association of pneumoproteins with longitudinal 
lung function decline among PWH.

In conclusion, we did not find an association between longitudinal  FEV1 decline and blood concentrations of 
pneumoproteins or biomarkers of inflammation and coagulation in PWH. Future studies should explore other 
pathways and consider non-spirometry outcomes such as  DLCO.

Data availability
Requests for data can be submitted to the START Scientific Steering Committee upon completion of START. The 
Research Proposal form can be found here: http:// insig ht. ccbr. umn. edu/ resea rch_ propo sal/.
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