
Small airway dysfunction in well-treated
never-smoking HIV-infected individuals

To the Editor:

Global projections from the World Health Organization rank chronic obstructive pulmonary disease
(COPD) and HIV as the third and eighth leading causes of death by 2030, respectively [1]. An
increasingly large number of individuals will consequently face a double burden of disease. The incidence
of COPD is relatively high in the HIV-infected population [2], and HIV has been shown to be an
independent risk factor [3, 4].

Previous studies might be susceptible to confounding factors, as they have included current or previous
smokers, patients who had not been receiving combination antiretroviral therapy (cART), patients
co-infected with hepatitis C virus (HCV), and cocaine or marijuana users. It is therefore unclear whether
HIV infection per se is associated with airway abnormalities, which could lead to increased susceptibility
to noxious stimuli, such as smoke or biomass fuel.

The initial locus of inflammation in many lung diseases is confined to small conducting airways, a
development that could precede emphysematous destruction [5]. Significant small airway disease must
develop before the forced expiratory volume in 1 s (FEV1) becomes abnormal. The lung clearance index
(LCI) can be used to study airway disease during the “silent years”, which is the time between the onset of
pathology and detection of disease, using conventional lung function tests [6, 7]. We hypothesised that
well-treated HIV, in the absence of non-HIV risk factors, is associated with an increased LCI.

For complete methodology and data, please refer to the Dryad data repository (https://doi.org/10.5061/
dryad.486t8). HIV-infected individuals, aged 30–70 years from the ongoing Copenhagen Co-morbidity in
HIV infection (COCOMO) study who were receiving cART at the outpatient clinic at Rigshospitalet,
Copenhagen, Denmark (NCT02382822) were included, and the study was approved by the Regional Ethics
Committee of Copenhagen (H-15017350) and the Danish Data Protection Agency (RH-2016-20: 04369).
Written informed consent was obtained from all participants. Eligibility criteria for all participants
included: no current or previous history of smoking or drug use, absence of HCV co-infection, no
self-reported respiratory disease, nor use of any type of inhalation medication. Control subjects were found
through advertisement at the outpatient clinic, among hospital staff, and their relatives. The St. George’s
Respiratory Questionnaire for COPD patients (SGRQ-C) was evaluated using suitable software [8], and
inflammatory markers (high sensitivity C-reactive protein, white blood cells, fibrinogen and CD4/CD8
ratio) were assessed. Spirometry predicted values and z-scores were calculated using Global Lung Function
Initiative equations [9]. The spirometric lower limit of normal (LLN) was defined as the fifth centile of the
reference population (equivalent to −1.64 z-scores). The Exhalyzer D device (Eco Medics AG, Duernten,
Switzerland) was used according to the American Thoracic Society/European Respiratory Society
consensus statement on multiple breath washout (MBW) tests [10]. Inhomogeneity arising at the
conducting and acinar airway zones, represented by Scond and Sacin, respectively, was derived from the
MBWN2 lung clearance index (LCI). We used reference equations provided by HOULTZ et al. [11] that were
obtained using the same equipment, as well as the most recently updated reference equations by VERBANCK

et al. [12] that were obtained using different equipment. The upper limit of normal (ULN) for the LCI was
strictly defined as 1.96 z-scores to limit false positive values.

The primary objective was to determine the differences in LCI between HIV-infected individuals and
controls. To find a clinically relevant difference (Δ) of 1 unit in the LCI, in a two sample t-test with SD=1,
α=0.05, and power=0.85, would require n=18 in a balanced design. Clinical factors associated with the LCI
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were assessed in a linear regression model. Variables were included in multiple regression if they had a
univariate association with LCI at p<0.05. Explanatory variables were chosen a priori and included age,
body mass index, gender and HIV status. Statistical analyses were performed using the R-Project (V.3.3.0).

65 individuals were recruited, including 45 HIV-infected individuals and 20 controls. Most were able to
perform reliable MBWN2 measurements; however, seven tests were discarded because of N2-leakage or
cough. These individuals were excluded from the primary analysis. The mean±SD age (48.9±10.0) versus
(46.3±13.4) (p=0.41), gender (p=0.42), ethnicity (p=0.76), and all other demographic variables, as well as
exposure to second-hand smoke, were comparable between the two groups (see Dryad data repository for
a full characterisation). All individuals had never smoked, nor used marijuana, crack cocaine or
intravenous drugs, and all were HCV antibody negative. One HIV-infected individual and one uninfected
control reported the use of asthma medication during childhood. The median (interquartile range) time
from confirmation of HIV diagnosis was 11.9 (6.4–18) years. All had a fully suppressed viral load. The
mean±SD CD4 was 655±258 and CD4 nadir was 292±187. None of the participants had a history of
Pneumocystis pneumonia, and only one individual had a previous history of AIDS (Kaposi’s sarcoma).
HIV-infected individuals presented with more subjective respiratory morbidity (SGRQ-C total: 3.5 (1.8–
6.3) versus 1.4 (0.7–3.4) (p<0.01); activity: 7.6 (0–14.8) versus 0 (0–7.6) (p=0.02); impact: 0 (0–0) versus 0
(0–0) (p=0.02); symptoms: 10.3 (0–19.2) versus 5.6 (0–10.3) (p=0.14).

Dynamic lung volumes were normal to slightly reduced in HIV-infected individuals and controls (figure 1).
FEV1/FVC z-scores (p=0.21) were similar between the two groups, and only one HIV-infected
individual and two controls met the LLN criteria. Among the HIV-infected individuals, 41% (95% CI
27–56%) met the ULN criteria for the LCI, whereas 5% (95% CI 1–24%) of the controls had an abnormal
LCI (p<0.01) (figure 1). When different reference equations were used, these values were 18% and 0%,
respectively [12].

The LCI and FEV1 z-scores were not correlated (figure 1). Similarly, the other MBWN2 indices (i.e. Scond
and Sacin) were not correlated with FEV1 (data not shown). Following univariate analysis, the only clinical
variables associated with LCI were age (β=0.23 per decade (95% CI 0.02–0.44); p=0.03) and HIV status
(β=0.62 (95% CI 0.15–1.08); p=0.01). In multivariable analysis, only HIV status was significantly
associated with the LCI (β=0.55 (95% CI 0.09–1.01), p=0.019). The zenith viral load, CD4, and CD4 nadir
were not associated with LCI, and fibrinogen was the only biomarker that was significantly associated with
LCI (R2=0.17, p=0.01). Neither the LCI (R2=0.01, p=0.44) nor the FEV1 z-score (R2=0.01, p=0.49) were
correlated with the log-transformed global SGRQ score.
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FIGURE 1 a) Dot plots depicting pulmonary function parameters in HIV-infected individuals and healthy controls. Horizontal lines indicate ±1.96
z-scores. *: p<0.01 for the difference of absolute mean compared with uninfected controls. b) Scatterplots with regression lines for LCI predicted
by forced expiratory volume in 1 s (FEV1) z-score for HIV-infected individuals and uninfected controls. Coefficient of determination and significance
values were R2=0.002, p=0.80 and R2=0.14, p=0.13 for HIV-infected individuals and uninfected controls, respectively. Omitting the two data points
with the highest FEV1 z-scores did not change the regression line (R2=0.018, p=0.4). FVC: forced vital capacity; LCI: lung clearance index; MMEF:
maximum mid-expiratory flow.
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Taken collectively, this is the first study to assess MBWN2 in HIV-infected individuals. Our findings suggest
that HIV might be associated with small airway dysfunction in well-treated individuals, with normal
spirometry values, and an absence of confounding factors. Previous studies have primarily used conventional
pulmonary function analysis in this population. Although the Strategic Timing of AntiRetroviral Treatment
(START) trial lacked information on respiratory risk factors, almost half of the participants with COPD
reported lifelong non-smoking [13]. Other studies reported a reduced diffusing capacity for carbon
monoxide (DLCO) in HIV-infected smokers and non-smokers, with a striking 19 out of 40 HIV
never-smokers exhibiting a DLCO <80% predicted [14], and eight out of 30 exhibiting a DLCO ⩽60%
predicted [15]. These findings suggest that HIV is a causative factor. Nevertheless, these studies were
vulnerable to various confounders, e.g. the absence of cART, HCV co-infection, and marijuana and cocaine
use [14, 15]. Our study gives further support to the hypothesis that HIV might be independently associated
with airway abnormalities. Underlying mechanisms have not been elucidated, but might include
inflammation, protease-antiprotease imbalance, oxidative stress, and altered lung microbiome, among others.

Our study has limitations. We were unable to determine the location of ventilation inhomogeneity, and
Scond and Sacin were not significantly increased in HIV-infected individuals. Our study might also be
susceptible to unmeasured residual confounding, such as passive smoking, and various early life events,
which are difficult to quantify.

In summary, despite well-preserved spirometry, HIV was found to be associated with a higher LCI. Serial
measurements with comparison of MBWN2 results with pathophysiological, microbiological, and radiological
measures could facilitate a better understanding of the natural history of HIV-associated lung disease.
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