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Lung Function Decline in Early HIV Infection: Impact of
Antiretroviral Drug Timing and Drug Regimen

To the Editor:

HIV infection is an independent risk factor for chronic obstructive
pulmonary disease (COPD) (odds ratio, 1.14; 95% confidence interval,
1.05–1.25) (1). Mechanisms remain unclear, but some observational
studies have suggested that HIV antiretroviral treatment (ART)
might lead to worse lung function and subsequent COPD (2, 3).

We addressed the effects of HIV treatment on lung function in
the START (Strategic Timing of Antiretroviral Treatment) Trial
Pulmonary Substudy. We previously published initial results from
this randomized trial in which 1,026 HIV-positive, ART-naive adults
(from 80 sites in 20 high- and low- to middle-income countries) with
CD41 T-cell counts .500 cells/mm3 were randomly assigned to
begin ART immediately or defer until CD41 T-cell counts were 350
cells/mm3 or AIDS developed (4). All participants provided

informed consent, and all site institutional review boards/ethics
committees approved the substudy (ClinicalTrials.gov identifiers:
NCT 01797367 and NCT 00867048).

The parent START trial demonstrated clear benefits of
immediate ART on reduction of AIDS and non-AIDS events (5), at
which time our primary substudy outcome of lung function decline
(slope of FEV1) did not differ between immediate and deferred
ART. When the primary outcome was analyzed in May 2015, there
were two major limitations in our results. First, the initial follow-up
time was relatively short, at a median of 2.0 years. Second, the
duration of ART exposures was limited by only 55% of participants
in the deferred treatment group having started ART, which
precluded adequately assessing difference by ART regimen on lung
function decline.

After the primary results of START demonstrated the benefits
of immediate treatment, ART initiation was recommended to all
participants in the deferred group, and all participants in the
Pulmonary Substudy continued to be followed through the end of
December 2016, at which point median follow-up time was 3.9
years, thereby improving our ability to investigate the effects of
differing ART regimens on lung function decline. We now present
the final results of the randomized comparisons and an
observational analysis comparing rate of longitudinal lung function
decline among differing ART regimens.

We collected postbronchodilator spirometry before
randomization and annually during follow-up. Blinded central
review of all spirometry data was performed by K.M.K. Our
primary outcome was rate of lung function decline, expressed
as FEV1 slope in milliliters per year. We compared FEV1 slope
using repeated measures mixed models (SAS 9.4), using only
good-quality spirometry data and strict intention to treat. We
additionally compared differing initial ART regimens to assess
for potential class-specific effects. This analysis included only
those who began ART before study completion and had at
least one good-quality FEV1 measurement both before ART
initiation and while receiving ART. All ART regimens in START
contained two nucleoside/nucleotide reverse-transcriptase
inhibitor (NRTI) drugs, and 90% of participants were
prescribed NRTI components of tenofovir disoproxil
fumarate and emtricitabine (or lamivudine), precluding
meaningful comparisons between individual NRTIs. Therefore,
we focused on comparisons between the nonnucleoside reverse-
transcriptase inhibitor (NNRTI), protease inhibitor, and integrase
strand transfer inhibitor (INSTI) classes of antiretroviral drugs.

A total of 1,026 participants were randomly assigned to
immediate ART (n = 518) or deferred ART (n = 508). Participants
were relatively young (median age, 36 yr), recently diagnosed with
HIV (median time since HIV diagnosis, 1.2 yr), with median
baseline CD41 T-cell count of 648 cells/mm3. Of the participants,
29.1% were female, 28.3% were current smokers, and baseline
lung function was generally good (median FEV1 of 96.2% of
predicted), with COPD prevalence at study entry of 6.8%. By the
end of follow-up, ART had been initiated in 98.9% of the
immediate ART group and 88.6% of the deferred group. In the
immediate ART group, median CD41 count at the time of ART
initiation was 648 cells/mm3, and 95.5% of follow-up time was
spent on ART. In the deferred ART group, median CD41 count at
the time of ART initiation was 482 cells/mm3, and 45.1% of
follow-up time was spent on ART.
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In addition to the 1,026 baseline tests, we collected 3,484 follow-
up spirometry tests over a median follow-up time of 3.9 years for a
total of 3,674 patient-years of spirometry follow-up. For the primary
outcome of FEV1 slope, we found no difference in slopes between
the immediate and deferred ART groups in smokers (difference,
12.2 ml/yr; 95% confidence interval, 217.9 to 122.2 ml/yr;
P= 0.83) or nonsmokers (difference, 24.1 ml/yr; 95% confidence
interval, 214.5 to 16.3 ml/yr; P= 0.44; Table 1). Analyses pooling
baseline smokers and nonsmokers, then adjusting for either
baseline smoking status or smoking status at each study visit,
similarly showed no difference in FEV1 slopes between the
immediate and deferred ART groups.

Slopes of FVC and FEV1/FVC ratio did not differ between
immediate and deferred ART groups. After excluding 67

participants with COPD at study entry, incident COPD occurred in
7.4% of participants randomly assigned to immediate ART and
6.7% of those randomly assigned to deferred ART (odds ratio, 1.13;
95% confidence interval, 0.64 to 1.99; P= 0.67).

In addition to the dual NRTIs component of ART
regimens, NNRTIs (n= 643; 93% efavirenz, 7% rilpivirine) were the
most common third drug, followed by protease inhibitors (n= 128;
47% darunavir, 43% atazanavir, and 10% other protease inhibitor)
and INSTIs (n= 82; 56% raltegravir, 26% elvitegravir, and 18%
dolutegravir). FEV1 slope did not differ by ART class, although the
small number of participants on INSTIs resulted in imprecise
estimates of FEV1 slope on INSTIs (Figure 1).

These final results of the randomized START Pulmonary
Substudy further support that immediate ART initiation does not

Table 1. Primary Outcome of FEV1 Slope Comparisons in Those Randomized to Immediate versus Deferred ART Initiation

FEV1 Slope (ml/yr) 95% Confidence Interval (ml/yr) P Value

Baseline smokers
Immediate ART (n=135) 236.6 222.3 to 251.0
Deferred ART (n=156) 238.8 224.8 to 252.8
Difference 12.2 217.9 to 122.2 0.83

Baseline nonsmokers
Immediate ART (n=383) 226.9 219.8 to 234.1
Deferred ART (n=353) 222.8 215.3 to 230.4
Difference 24.1 214.5 to 16.3 0.44

Pooled analysis, adjusted for baseline smoking
status

Immediate ART (n=518) 229.4 222.9 to 235.9
Deferred ART (n=508) 227.6 220.8 to 234.3
Difference 21.8 211.2 to 17.5 0.70

Pooled analysis, adjusted for smoking
status at each study visit

Immediate ART (n=518) 229.3 222.8 to 235.8
Deferred ART (n=508) 227.3 220.6 to 234.0
Difference 22.0 211.3 to 17.4 0.68

Definition of abbreviation: ART=antiretroviral treatment.
Analyses are restricted to only spirometry data from tests passing central review quality control criteria.
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Figure 1. Slopes of FEV1 by initial antiretroviral treatment (ART) drug class. Differences were adjusted for age, sex, race, region of world, treatment
assignment (immediate vs. deferred ART strategy), smoking status, baseline chronic obstructive pulmonary disease, and log10 HIV-RNA before initiating
ART. CI = confidence interval; INSTI = integrase strand transfer inhibitor; PI = protease inhibitor; NNRTI = nonnucleoside reverse transcriptase inhibitor.
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significantly worsen the rate of lung function decline in early HIV
infection. We caution that our participants were relatively
young, with recent HIV diagnoses, so generalizability to
older persons and those with longer duration of HIV infection is
not clear. We also had limited power for sex-specific analysis,
which is relevant, given the general population data that
women have unique susceptibility factors for cigarette smoke–
related COPD (6, 7). Our data also suggest that the class of initial
ART selected does not affect subsequent lung function decline,
although we had limited ability to accurately estimate FEV1

slope in the increasingly prescribed INSTI class of first-line
ART (8). n
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Microbial Toxins in Nicotine Vaping Liquids

To the Editor:

In 2019, a nationwide outbreak of severe lung illnesses and deaths
associated with vaping raised serious concerns about the safety of
vaping products (1). E-cigarette fluids are known to contain
multiple toxic compounds (2), but the specific cause of the
epidemic of vaping-induced injury is not yet known.

One of the potential causes of acute lung inflammation is exposure
to microbial-derived toxins, which was previously associated with lung
inflammation via smoking (3). In a previous study, we first reported
microbial contamination in e-cigarette cartridge products (first
generation, also known as cigarlikes) and e-liquid products (refillable
e-liquid bottle) sold by the top-selling U.S. brands based on 2013
market research data (4). However, no data are available regarding
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