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Abstract

This narrative review discusses literature on chronic obstructive pulmonary disease (COPD) in people liv-
ing with HIV (PLWH). Existing data indicate that HIV itself, independent of smoking, constitutes a patho-
genic agent implicated in this disease condition. COPD can be viewed not exclusively as a pulmonary
disease but rather as a systemic syndrome sparked and fueled by a persistent low-grade HIV-attributable
inflammatory state. We speculate that even in the absence of airflow obstruction on spirometry, HIV-relat-
ed lung disease can manifest with respiratory symptoms and structural lung derangement. Although not
fully satisfying the global initiative for obstructive lung disease criteria for COPD, this phenotype of small
airways lung disease is related to significant impairment of lung health and is associated with a high co-
morbidity burden. Within the specific context of the aging epidemic affecting HIV patients characterized
by a high burden of comorbidities, frailty, and disabilities HIV-related lung disease has to be fit into the
framework of the general comorbidity burden that PLWH experience, due to both HIV infection and to in-
cidental HIV-unrelated risk factors. In this review, we will also provide a list of research gaps and an

agenda for future studies in HIV patients. (AIDS Rev. 2018;20:150-157)
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increased life expectancy of PLWH and the higher
rates of traditional risk factors in HIV-infected patients
than in general population', it is not surprising that
several modeling studies have forecast an epidemic
burden of multimorbidity in years to come?. Moreover,

|ntroduction

The contemporary clinical picture of HIV infection in
the highly active antiretroviral therapy era (HAART) is
characterized by non-infectious diseases sometimes

called HIV-associated non-AIDS (HANA) conditions
that affect people living with HIV (PLWH). Importantly,
HANA conditions are universally age-related diseases
and typically associated with traditional risk factors
such as smoking and parenteral drug use. Given the
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even after matching for smoking and substance abuse,
Schouten et al. demonstrated a higher prevalence of
non-communicable disease among HIV-infected pa-
tients compared to same age controls®. The unique
contribution of HIV itself to these diseases may explain
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their higher burden and sometimes premature onset in
comparison to what is observed in HIV-negative co-
horts exposed to similar traditional risk factors.

With the growing recognition that chronic lung dis-
ease affects a significant portion of PLWH, also routine
assessment of lung function, at least in patients with
important risk factors such as smoking or with respira-
tory symptoms, has been suggested by European HIV
management guidelines*.

Several reviews have recently described chronic ob-
structive pulmonary disease (COPD) in HIV, many ac-
knowledging the higher prevalence of disease even
after adjusting for cigarette smoking habits.

In this updated review, we summarize the literature on
COPD within the specific context of the aging epidemic
affecting HIV patients, characterized by a high burden
of comorbidities, frailty, and disabilities, providing a list
of research gaps and an agenda for future studies.

We will not include a specific section regarding treat-
ment in consideration of a substantial lack of data re-
garding any difference in the clinical management of
this disease condition in PLWH in comparison with
general population.

Methods

Relevant articles pertaining to HIV-associated COPD
were identified up to May 31, 2017, through a literature
search through the PubMed and Google Scholar research
engines. The following key words were used: COPD, HIV,
airflow limitation, emphysema, and comorbidities. We re-
stricted our search to English language papers published
from 1999, identifying a total of 75 works, of which 54 were
original research papers and 21 were reviews.

Epidemiology

COPD as per the 2017 global initiative for obstructive
lung disease (GOLD) guidelines is defined as a “com-
mon, preventable, and treatable disease that is char-
acterized by persistent respiratory symptoms and air-
flow limitation that is due to airway and/or alveolar
abnormalities usually caused by significant exposure
to noxious particles or gases”, where airflow limitation
is defined by a forced expiratory volume in the first
second (FEV1)/forced vital capacity (FVC) <70%.

Table 1 summarizes the data from available studies
on COPD prevalence among PLWH, especially where
an HIV-negative control group was available.

The largest spirometry study ever performed in
PLWH was conducted by the INSIGHT Strategic Timing
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of AntiRetroviral Treatment (START) trial®. This study
assessed HAART-naive PLWH with CD4 counts
> 500 cells/mL and found an overall prevalence of
COPD of 5.5% using a fixed ratio definition (6.8% using
the lower limit of normal for FEV1/FVC), also providing
a regional distribution of COPD prevalence: 7.8% in
Africa, 2% in Asia, 9.1% in Europe/lsrael/Australia,
3.3% in South America, and 8.2% in North America.
Regional differences persisted even after adjustment
for smoking status and other COPD risk factors in a
regression analysis.

Smoking status was the major predictor of COPD in
multivariate regression analysis, with current smokers
demonstrating a prevalence of COPD of 12%, but at
the same time among those with COPD, a high propor-
tion (48%) also reported being lifelong non-smokers.
These data suggest that in PLWH, factors other than
tobacco may play a role in COPD pathogenesis.

Pathogenesis

Although there is growing evidence that an innate
predisposition to airways obstruction may exist through
prebirth smoke exposure, smaller native bronchial di-
ameter’, and preexistent lower than normal FEV18,
classical features of the pathogenic process of COPD
can be summarized into a highly interdependent
“pathogenic triad:” persistent inflammation, oxidative
stress, and protease-antiprotease imbalance®. In this
context, COPD in PLWH can be viewed not exclu-
sively as a pulmonary disease but rather as a sys-
temic syndrome sparked and fueled by a persistent
low-grade HIV-attributable inflammatory state.

Inflammation

The exact nature of the interaction between HIV and
the lung epithelium is an open field for research. In one
study, HIV was shown to enter (yet not replicate in) the
airway epithelium by promoting the breakdown of cell
junctions and the expression of pro-inflammatory me-
diators™. Consistent with these findings, increased
activated CD8 lymphocytes have been described both
in the peripheral blood and in bronchoalveolar lavage
(BAL) fluid of PLWH", and increased expression of
cellular senescence markers such as CD57 in both
HIV-specific and unspecific CD8 lymphocytes has also
been described'. Lower than normal peripheral blood
CD4/CD8 ratio, usually considered a sign of patho-
logic immune system activation, has also been found
to be linked to HIV-related emphysema'®. Although on
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a small sample size, activation of inflammatory

pathways in PLWH with reduced DLCO has been
~ < shown to significantly differ from that detected in DL-
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tibodies in COPD may be a consequence rather than
the cause of widespread parenchymal tissue destruc-
tion?4. In fact, the previously mentioned START trial
failed to demonstrate any relationship between lung
function declines in PLWH and immediate versus de-
layed HAART initiation?®.

Protease-antiprotease imbalance

Multiple immunological studies have suggested that
HIV-infected macrophages may display altered pro-
duction of matrix metalloproteinases (MMPs)%, with
possible implications for the pathogenesis of many
multimorbidities. Alveolar macrophage expression of
MMP is also upregulated in HIV-infected smokers with
early emphysema?®’ resulting in a protease imbalance
within the lung.

A new study by Chung et al.?8 seems to introduce a
whole new pathogenetic mechanism, as they demon-
strated in vitro that HIV may upregulate MMP-9 produc-
tion through non-productive infection of lung basal
stem cells.

The role of the microbiome

The observation of the beneficial effect of dietary fiber
on lung function has brought to speculate the existence
of a gut-liver-lung bacterial axis, integrating the knowl-
edge of the role of the gut microbiome and the liver as
a source of inflammatory cytokines®. HIV, due to the
well-documented effects on promoting gut microbial
translocation, may interfere as well with such a system®.

A recent review from Twigg postulated that the lung
microbiome may play a significant role in normal lung
function and disease in HIV patients. This new patho-
genic perspective appears to be particularly interest-
ing in patients with a low CD4 count, who exhibit a
wider range of variability in microbiome composition
and an imbalance in microbial populations®!. Similar
studies from Becket al., however, failed to confirm this
finding®, leaving this an open field for future research.

Disease description
Functional lung abnormalities

While the relative risk of fixed airways obstruction due
solely to HIV infection is still a matter of debate®, dif-
ferent studies tend to agree on the relationship between
HIV and impaired DLCO. Crothers’s case-control
cross-sectional study was among the first in the HAART
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era to highlight a significantly higher prevalence of
DLCO < 60% predicted in HIV-infected individuals®*
after adjusting for smoking status, sex age, and ethnic-
ity. In addition, a recent CD4+ count < 200 cell/ul was
found to increase the risk of DLCO impairment.

Furthermore, a Danish prospective study, though in
a small sample, was able to document longitudinal
DLCO impairment at baseline and after 4-year follow-
up in PLWH smokers and never smokers®.

Subsequent studies have postulated a correlation
between low DLCO and low CD4 count®, Stage C HIV
infection®®, and PJP?’.

Two recent studies, however, have shifted the focus
of research from viral or acute immune-mediated dam-
age to the role of chronically activated immune system,
identifying in one case changes in mMRNA expression
in peripheral blood leukocytes toward a pro-inflamma-
tory pattern in HIV-infected patients with reduced
DLCO™, and in another, a positive correlation between
DLCO impairment and sputum neutrophil count in HIV-
infected never smokers®, suggesting that a mild grade
inflammatory process may persist even in the lungs of
these subjects.

Structural lung abnormalities

Emphysematous changes in lung of PLWH have
been linked to HIV-specific parameters: nadir CD4 cell
count, markers of bacterial translocation®, and CD4/
CD8 ratio in blood*°. The strong association between
emphysema and DLCO impairment in PLWH may be
regarded as the manifestation of a common underlying
pathogenic drive: in particular, simian models suggest
that a possible chronic immune response to lung colo-
nizing microbes such as PJP may be implicated!’.

PLWH are known to harbor a wider range of inciden-
tal pulmonary findings with unknown clinical signifi-
cance. Park et al. were able to identify 129 incidental
pulmonary findings of unknown clinical significance, in
147 computed tomography (CT) scans from asymptom-
atic HIV patients*!. A study from Modena HIV Metabolic
Clinic showed a prevalence of radiologic subclinical
bronchiolitis and emphysema as high as 50%*.

Another similar study from Sigel et al., however,
found no significant difference in the prevalence of
abnormal CT findings between HIV-infected and unin-
fected participants*.

To this day, no review is currently available on the
baseline radiologic presentation of lungs in PLWH.
Given the growing interest in tailored screening pro-
grams for the lung health of PLWH, this constitutes a
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necessary step in defining a population-specific
“normal presentation.”

Respiratory symptoms

While smoking habits remain a major risk factor for
respiratory symptoms independent from COPD diag-
nosis or HIV status**“®, PLWH tend to demonstrate a
higher burden of symptoms, with a significantly higher
rate of cough, phlegm, and dyspnea compared to HIV-
negative individuals®. Data from the Modena HIV
Metabolic Clinic point out a disproportionately high
prevalence of respiratory symptoms compared to what
would normally be expected for the same degree of
airflow obstruction in an HIV-negative population: in
133 patients who were evaluated with the St. George’s
Respiratory Questionnaire, cough was reported in
22%, shortness of breath in 16%, phlegm production
in 14%, and wheezing in 8%2. In a paper published by
Leung et al.*6, SGRQ scores were correlated in multi-
variate regression with FEV1 reduction, CD4 nadir in-
ferior to 350 cells/ul, and interleukin-6 levels, showing
that along with pulmonary function decline immuno-
logical impairment and inflammatory state indepen-
dently influenced respiratory symptoms and respirato-
ry-related functional impairment.

Comorbidities

From a clinical perspective, HIV and COPD share the
common trait of not presenting as single diseases but
rather clustering together with other comorbid condi-
tions. The relationship between COPD and other dis-
eases simultaneously affecting an individual is still a
debated topic, as it is unclear whether these conditions
are the consequence of the disease or the sequelae of
shared risk factors such as old age, cigarette smoke,
and a sedentary lifestyle. The presence of commonly
described comorbidities that occur in association with
COPD, i.e., hypertension, diabetes, heart failure, isch-
emic heart disease, cancer, osteoporosis, depression,
and anemia, is one of the main determinants of patient
health outcomes?’.

In a similar way, granted access to HAART, the
health status of PLWH greatly depends on the accu-
mulation of HANA conditions that determine disability
and mortality of these patients*®. Given the higher risk
of COPD-like disease in HIV, the study of the interplay
between these systemic diseases is not only a matter
of scientific research but also a real clinical question
that concerns a significant proportion of PLWH.

Cardiovascular disease

The underlying mechanisms linking COPD to. athero-
sclerosis, ischemic heart disease, and stroke are not
fully elucidated. Persistent low-grade inflammation is be-
lieved to be the common underlying pathogenic factor
linking these disease conditions*. Both diseases lead to
early signs of vascular atherosclerosis®®3" and- cardio-
vascular disease accounts for the majority of deaths in
both conditions®?%3, It should be noted, however, that the
START trial conducted on over 4500 participants, showed
very little benefit to cardiovascular risk profile in deferring
HAART treatment initiation®*. Paradoxically, a direct car-
diovascular toxicity induced by HAART exists, particu-
larly associated with current abacavir or darunavir expo-
sure® or secondary to metabolic derangements induced
by protease inhibitors (PI).

Osteoporosis

A systematic literature review reported a pooled prev-
alence of osteoporosis in COPD in 35.1% of patients,
related to several underlying mechanisms including
malnutrition, sedentary life, smoking, steroid treatment,
and systemic inflammation®’. The prevalence of osteo-
porosis increases with more severe disease, and both
osteoporosis and osteopenia are invariably present in
patients with the low body mass index and fat-free
mass that can also be observed in end-stage COPD®.
PLWH are as well at risk of osteoporosis progression
due to a coincidence of similar risk factors, such as
those mentioned above, as well as HIV-related and
HAART-related risk factors. In particular, HIV proteins
have been demonstrated to have a pro-osteoclastic
effect®® and commonly used HIV medications such as
tenofovir disoproxil fumarate and Pl are known to affect
bone mineral density and have been linked to an in-
creased risk of osteoporotic fractures®. In PLWH with
COPD, it has also been speculated that drug-drug in-
teractions between Pl and systemic steroids may lead
to the onset of Cushing syndrome, with further toxic
effect on bone metabolism®'.

Depression

Depression represents an emerging comorbidity in
COPD patients®?. Patients with severe COPD are at
even greater risk of developing depression, which, in
turn, further diminishes their functional performance,
impairs their quality of life, and increases their risk of
death®, While psychosocial factors remain the major



determinants of the development of depression among
PLWH, it should be noted that a recent study points
out that systemic inflammation may as well play a role
in the onset of depression®. Hypogonadism and con-
comitant disruption of endocrine pathways caused by
the infection may as well be implicated®®.

Frailty

Geriatric medicine has taught us that neither chron-
ologic age nor comorbidities completely describe the
complexity of aging and the capacity of each single
individual to experience a healthy aging process.
Frailty is recognized as a condition of increased vulner-
ability to stressors, associated with an impaired ho-
meostatic response, and increased likelihood of mul-
tiple adverse health outcomes including falls, delirium,
disability, and death®. The frailty phenotype is a wide-
ly used tool to assess frailty in clinical practice.

One single study®” examined the association between
COPD and frailty in HIV patients. Justice et al. per-
formed a cross-sectional study of the veterans aging
cohort study participants between 2002 and 2012. The
sample included 3538 HIV-infected and 3606 uninfect-
ed participants; 4% and 5% had COPD, respectively.
COPD was independently associated with frailty mea-
sures that accounted for limitations in physical activity.
The authors suggested that optimizing COPD manage-
ment may be an important priority to minimize frailty and
maintain physical function for individuals aging with HIV.

Longitudinal studies are needed to characterize tra-
jectories in frailty and physical limitations for PLWH
with COPD and to develop interventions to maintain
physical function in this population.

Research gaps and agenda for future
studies

To this day, the pathogenesis of HIV-related lung
health deterioration needs to be fully elucidated, pos-
sibly adopting new animal models.

From a clinical point of view, this may provide better
clinical significance to abnormal pathogen colonization
as Tropheryma whipplef® in HIV-associated COPD, but
even more, identifying a mechanistic link between
chronic lung disease and lung cancer in HIV, the driv-
er of non-AIDS defining neoplastic condition in PLWH®,

In consideration that chronic HIV infection is related
to profound depletion of T-memory cells in COPD pa-
tients,”® HIV may turn to be a unique model to study
anti-PD1 agents for lung cancer immunotherapy.
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Experimental observations that blockade of PD-1-i-
gand interaction contributes to immune restoration in
HIV7" may provide models of delayed lung senescence.

On top of HIV-induced lung senescence, aging itself
contributes to the development of paraphysiological
changes in lung function: older age is associated with
a reduction in DLCO regardless of fitness status’?,
systemic multiorgan senescence leads to a variety of
paraphysiological changes that can mimic symptoms
of airway obstruction and so contribute to COPD mis-
classification”, and finally old age is also associated
with derangements in lung structure’.

Further studies are needed to better identify the pa-
tients in which a high-resolution lung CT will allow to
integrate structural and functional changes in the iden-
tification of specific phenotypes who may benefit for
treatment opportunities.

More work is needed to establish the potential mech-
anisms and causal pathways that link HIV and COPD
with comorbidities. A hierarchical view of comorbidities
as consequences of a primary disease is challenged
by the frequent coexistence of two primary conditions
such as HIV and COPD in the same individual.

A typical feature of geriatric medicine is to evaluate
functional assessment rather than specific organ dis-
eases, an approach which may better describe patient
disability status and quality of life of elderly patients.
Nevertheless, in a clinical setting, where small airways
dysfunction may precede by many years the onset of
spirometric-defined COPD, it is worth exploring other
functional tests which may identify patients at higher
risk for a rapid FEV1 decline. In a small sample of 45
never smoker Danish PLWH, small airways dysfunction
was evaluated using the lung clearance index (LCI), a
measure of lung physiology derived from multiple ni-
trogen breath washout which identifies preclinical air-
ways dysfunction. 41% of HIV patients (95% confi-
dence interval [Cl] 27-56%) had an LCI greater than
the upper limit of normal, whereas only 5% (95% ClI
1-24%) of the 20 HIV-negative controls had an-abnor-
mal LCI (p < 0.01)7.

Conclusions

This narrative review has described putative patho-
genic mechanisms, structural lung abnormalities, phys-
iological lung function changes, symptoms, and comor-
bidities associated with chronic lung disease in PLWH.

Existing data indicate that HIV itself, independent of
smoking, constitutes a pathogenic agent implicated in
this disease condition.

155



156

AIDS Reviews. 2018;20

We speculate that even in the absence of airflow
obstruction on spirometry, HIV-related lung disease can
manifest with respiratory symptoms and structural lung
derangement. Although not fully satisfying the GOLD
criteria for COPD, this phenotype of small airways lung
disease is related to significant impairment of lung
health and is associated with a high comorbidity burden.

Further, research is needed to clarify how this dis-
ease progresses from its early signs to a COPD-like
disease, the need for a systematic screening for lung
disease in HIV, obviously in heavy smokers but offered
also in never smokers.

Finally, HIV-related lung disease has to be fit into the
framework of the general comorbidity burden that PLWH
experience, due to both HIV infection and to incidental
HIV-unrelated risk factors.
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