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Abstract

The effectiveness of antiretroviral therapy to control HIV infection has led to the emergence of an
older HIV population who are at risk of chronic diseases. Through a comprehensive search of
major databases, this Review summarises information about the associations between chronic
obstructive pulmonary disease (COPD), asthma, and HIV infection. Asthma and COPD are more
prevalent in HIV-infected populations; 16—-20% of individuals with HIV infection have asthma or
COPD, and poorly controlled HIV infection worsens spirometric and diffusing capacity
measurements, and accelerates lung function decline by about 55-75 mL/year. Up to 21% of HIV-
infected individuals have obstructive ventilatory defects and reduced diffusing capacity is seen in
more than 50% of HIV-infected populations. Specific pharmacotherapy considerations are needed
to care for HIV-infected populations with asthma or COPD—protease inhibitor regimens to treat
HIV (such as ritonavir) can result in systemic accumulation of inhaled corticosteroids and might
increase pneumonia risk, exacerbating the toxicity of this therapy. Therefore, it is essential for
clinicians to have a heightened awareness of the increased risk and manifestations of obstructive
lung diseases in HIV-infected patients and specific therapeutic considerations to care for this
population. Screening spirometry and tests of diffusing capacity might be beneficial in HIV-
infected people with a history of smoking or respiratory symptoms.

Introduction

With the introduction of antiretroviral therapy (ART), the HIV epidemic has undergone a
tremendous shift in life expectancy and age distribution. ART has substantially improved
survival with HIV® and, by 2015, 50% of people living with HIV in the USA will be aged
50 years and older.2 Additionally, the age standardised death rate attributable to HIV/AIDS
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has reduced by 68% in the past 20 years.3 Since the introduction of ART, deaths attributable
to classic AIDS-defining opportunistic infections have decreased whereas causes related to
lifestyle and ageing have increased.* Subsequent to the rise in life expectancy, the risk of
age-associated chronic diseases (eg, cardio vascular, metabolic, renal, neurological) and
non-AIDS defining malignancies is increasing in HIV-infected individuals.24~7 The
prevalence of multiple morbidities in HIV-infected individuals is 65%,2 with lower nadir
CD4 cell count and higher viral load associated with greater multimorbidity.® Data suggest
an increased prevalence of obstructive lung diseases in HIV-infected individuals, including
both asthma and chronic obstructive pulmonary disease (COPD).10-13 The mechanisms
underlying this association are unclear. This Review summarises the present
epidemiological data for associations between COPD, asthma, and HIV infection. To help to
inform the clinician caring for HIV-infected patients who are at-risk of obstructive lung
diseases, we present data for pulmonary function testing and lung cancer screening in HIV-
infected individuals, and specific pharmacotherapy considerations for patients on ART. We
conclude with a discussion of the current gaps in information about the management of
HIV-associated obstructive lung diseases.

HIV-associated obstructive lung diseases before the introduction of

antiretroviral therapy

Before the introduction of effective ART regimens in the mid-1990s, the predominant
pulmonary complications of HIV related to infectious causes, with scarce attention focused
on chronic, non-infectious, lung diseases. However, several case reports and case-control
studies described accelerated radiographic emphysema, air trapping, and diffusing capacity
impairments in patients with HIV infection.12.14-16 Early in the HIV epidemic, a reduction
in diffusing capacity of the lung for carbon monoxide (DLCO) of less than 80% predicted
was associated with more rapid development of an AIDS-defining diagnosis, but spirometric
measures were not temporally associated with disease progression.1® In other studies,
pulmonary function and radiographic abnormalities seemed to be independent of
opportunistic infections; for example, one report described a 15% prevalence of
radiographic emphysema in HIV-infected people without a history of opportunistic
infection, compared with a 2% prevalence in age-matched and smoking-matched HIV-
uninfected individuals.1* One of the largest studies before the ART era to document this
association was from the Pulmonary Complications of HIV Infection Study Group.1” This
multicentre study measured symptoms, spirometry, and DLCO in 1127 HIV-infected
individuals without AIDS and 167 HIV-uninfected controls from similar risk groups.
Although spirometric measures were not different between HIV-infected and HIV-
uninfected participants, spirometric measurements (eg, forced expiratory volume in 1 s
[FEV1], and forced vital capacity [FVC]) were 10-15% lower than healthy reference
populations. Additionally, HIVV-infected participants had a lower absolute and percentage of
predicted mean DLCO, and this association was driven predominantly by reduced DLCO in
patients with lower CD4 cell counts.

The method of HIV acquisition seems to affect pulmonary function test measurements.
Injection drug users had greater reductions in spirometry and DLCO measurements
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compared with homosexual men and female sexual partners of HIV-infected men, but
differential distribution of smoking habits and ethnic origins among these risk groups might
have confounded some of these findings. Even with the challenges of accounting for risk
behaviour and confounding characteristics, these studies!?: 14-16 (largely from the era before
ART) emphasise the early recognition of raised susceptibility to obstructive lung diseases in
HIV-infected individuals. At the time of these publications, whether optimum HIV control
with ART could ultimately change the risk for development of obstructive lung diseases was
unclear.

HIV-associated obstructive lung diseases after the introduction of

antiretroviral therapy

HIV infection and asthma

In the general population, asthma and COPD are associated with tremendous morbidity and
mortality. Asthma prevalence has been increasing since 2001,18 and HIV infection is
associated with an increase of all-cause mortality in adults with asthma of more than three
times (odds ratio [OR] 3-64, 95% CI 1-34-9-87).19 Results from prevalence studies before
the ART era show variable associations between HIV infection and asthma, which range
from 20% to 54%, depending on the criteria used.2921 Several studies after the introduction
of ART show a rise in asthma prevalence in children with vertically-acquired HIV
infection.22-25 In a study of 451 children infected perinatally with HIV compared with 227
HIV-exposed but uninfected children,22 children with HIV had a higher prevalence of
asthma diagnoses (25% vs 20%) and use of asthma drugs (31% vs 22%). Results from a
study of 83 HIV-infected children,23 of whom 75% were receiving ART, showed a 34%
prevalence of a diagnosis of asthma as defined by the International Classification of
Diseases, 9th revision (ICD-9). This prevalence was much higher than the 5:9% noted in
general paediatric patients in the same hospital and the 5:0% in the surrounding
communities.?% No differences in HIV viral load or CD4 cell count were seen between HIV-
infected patients with or without asthma, although a trend towards lower CD8 cell counts
was seen in the asthma group. The Women and Infants Transmission Study,2 a prospective
observational study of HIV-infected women and their children, showed that HIV-infected
children given ART used more asthma drugs compared with HIV-infected children not
receiving ART.24 The cumulative incidence of asthma medicine use at age 13-5 years was
33:5% compared with 11-5% in HIV-infected adolescents not on ART. In this cohort, the
risk of asthma was heightened after HIV-infected children were given ART.

Data for the risk of asthma in HIV-infected adults in the era after the introduction of ART
are scarce. Data were obtained from a virtual cohort, a data analysis cohort generated by the
combination of standardised electronic medical record data from several sites, derived from
the Veterans Ageing Cohort study.2® These data were analysed to define the prevalence of
ICD-9 diagnosis of incident pulmonary disease in 33 4203 HIV-infected veterans compared
with 66 840 HIV-uninfected veterans matched for age, race, sex, ethnic origin, and study
site. Asthma diagnosis in this cohort was low, although HIV-uninfected individuals had a
greater baseline prevalence of asthma than those infected with HIV (2:4% vs 2-0%;
p<0-001). Asthma was the second most common non-infectious pulmonary disease in the
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HIV-infected individuals, although the incidence rate did not differ by HIV serostatus (5-6
per 1000 person-years in both groups; figure 1).26 In a single-site study in an urban HIV
clinic, Gingo and colleagues?’ noted a substantially higher self-reported prevalence of
physician-diagnosed asthma in 223 HIV-infected individuals than was reported in the
Veterans’ virtual cohort. 21% of participants self-reported a physician’s diagnosis of asthma,
and an even higher incidence (30%) of inhaler use in the previous year. Asthma diagnosis
was independently associated with female sex, higher body-mass index (BMI), history of
respiratory infection (bacterial or pneumocystis) and no current use of ART. No differences
in CD4 cell count or viral load were seen between HIV-infected people with or without
asthma. Although this study did not have an HIV-uninfected cohort to provide comparative
prevalence estimates, the 21% prevalence noted by Gingo and colleagues?” exceeds the 8%
prevalence of self-reported doctor diagnosis of asthma described in the general population of
the USA.18

Whether HIV infection can be directly linked to an increased risk of asthma therefore
remains unclear. Although some data suggest that asthma prevalence might increase with
ART, these epidemiological studies have limitations including an absence of HIV-negative
comparator groups, confounding behaviours, pulmonary infections in HIV-infected
individuals, and methodological limitations in the ascertainment of asthma diagnosis and
ART use. These limitations preclude a definitive conclusion on the association between
asthma, HIV infection, and ART.

HIV infection and COPD

Death rates attributable to COPD ranked third worldwide in 2010 and COPD is a major
contributor to global years of life lost.28 Key risk factors for the development of COPD,
including high smoking prevalence, low socioeconomic status, and injection drug use, are
more common in HIV-infected populations than in the general population.29-31 Several
clinic-based studies have examined the association between HIV infection and COPD.32-34
In an Italian study of 111 HIV-infected and 65 HIV-uninfected matched controls,32 COPD
prevalence was higher in HIV-infected patients than in HIV-uninfected controls, but ART
use was not associated with COPD diagnosis. In an urban Canadian clinic of HIV-infected
patients with more than 90% ART use, chronic airflow limitation defined by spirometry was
present in 35% of the cohort, and a lower nadir CD4 cell count was independently
associated with airflow limitation.33 In the UK, results from a stable HIV outpatient
population, in which 96% were receiving ART, showed that 16% had spirometry-defined
airflow obstruction.34 In this analysis, older age and longer duration of HIV infection were
the factors with the greatest association with airflow obstruction. These studies, although
limited by study size, heterogeneity of selection criteria, and method of COPD diagnosis,
emphasise the substantial prevalence and raised awareness by clinicians and researchers of
COPD in HIV populations.

Several large epidemiological cohorts from the USA have been powered to more rigorously
assess the association between HIV infection and diagnosis of COPD.27:35-37 Crothers and
colleagues3® examined the prevalence of COPD defined by self-report and diagnosis as
defined by ICD-9 in a cohort of 1014 HIV-positive and 713 HIV-negative men from the
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Veterans Ageing Cohort Study, an elderly population with heavy tobacco use. Nearly 80%
of the HIV-infected cohort were receiving antiretroviral therapy. After adjustment for age,
race, smoking intensity, injection drug use, and alcohol misuse, the investigators showed
that HIV infection raised the odds of COPD by 50-60% (by ICD-9 codes: OR 1-47, 95% CI
1.01-2-13; by patient self-report: OR 1:58, 95% CI 1.14-2.18). Comparison of HIV-infected
individuals with and without COPD showed that median CD4 cell count was substantially
lower in those with an ICD-9 diagnosis of COPD. However, no differences in HIV viral load
or use of ART were seen between groups with and without COPD. An analysis2® of a larger
sample from the Veterans cohort extended these findings by comparing the incidence of
COPD in HIV-infected veterans with those who did not have HIV. Data for more than
33000 HIV-infected individuals and more than 66 000 HIV-uninfected individuals matched
for clinical and demographic characteristics showed that the incidence of COPD was
significantly higher in HIV-infected individuals (20-3 per 1000 person-years) compared with
individuals who were not HIV-infected (17-5 per 1000 person-years; p<0-001) (figure 1).
COPD was the most common non-infectious pulmonary disease in HIV-infected individuals,
with a prevalence of 16%. Similar to trends reported in the general population, the incidence
of COPD tended to increase in both HIV-infected and HIV-uninfected groups with age.
However, in adjusted analyses, HIV infection remained independently associated with a
higher risk of COPD—the incidence of COPD was significantly higher in patients with
higher HIV viral load (Incidence Rate Ratio [IRR] 108, 95% CI 1.03-1-13, p<0-05) and
lower in those on ART at baseline (IRR 0-90, 95% CI 0-82—-0-99, p<0-05).

Injection drug users are another population at risk for obstructive lung diseases, including
COPD. Analyses of a cohort of urban injection drug users with nearly ubiquitous tobacco
use showed that, similar to the Veterans Aging Study population, poor HIV control was
associated with greater prevalence of airflow obstruction.3¢ Pre-bronchodilator spirometry to
define COPD showed that HIV-infected individuals with very high HIV RNA levels had a
more than three times rise in the odds of airflow obstruction (OR 3-41, 95% CI 1-24-9-39,
p=0-02). The association between raised viral load and airflow obstruction was not
attenuated by (self-reported) ART use. Notably, 50% of this cohort with spirometrically
confirmed airflow obstruction had never received a physician diagnosis of obstructive lung
disease; current ART use was independently associated with greater prevalence of
unrecognised obstructive lung disease.38 A combined analysis of data from two large
observational cohorts of HIV-infected men and women obtained before and after widespread
ART use provided insight into the potential role of ART in mitigating longitudinal COPD
risk.37 Compared with HIV-uninfected men in the Multicentre AIDS Cohort Study, HIV-
infected men had a nearly three times greater risk of self-reported COPD diagnosis in the era
before ART (hazard ratio [HR] 2-9, 95% CI 1.02-8-4). However, after ART became
available, when most HIV-infected men received effective ART, this risk was attenuated
and COPD diagnoses by HIV status were no longer significant (HR 1-61, 95% CI 0-36—
7-19).

These studies emphasise that HIV infection seems to be independently associated with a risk
of COPD, particularly if HIV infection is not well controlled. The consistent findings for
this association across several unique clinic-based and epidemiological cohorts further
strengthen these conclusions. Unlike asthma, for which immune reconstitution mediated by
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ART might heighten the risk, data suggest that HIV infection is associated with increased
COPD risk and HIV disease control might be associated with a reduction in COPD risk.
Whether the increased risk represents a biological mechanism mediated by the HIV virus or
shows confounding by behaviours associated with poor HIV treatment outcomes that lead to
COPD development is unclear. In view of the increased risk of COPD associated with HIV
infection, clinicians should consider screening HIV-infected individuals with spirometry,
especially in the presence of additional risk factors (ie, smoking) or unaccounted respiratory
symptoms. Present guidelines for the general population suggest screening spirometry to
assess for obstructive lung disease in smokers aged older than 40 years with any respiratory
symptoms such as cough or phlegm production.3%40 The high smoking prevalence and
ageing of the HIV-infected population mean that a large proportion of HIV-infected
individuals would merit such screening. Although the effect of ART on asthma risk has not
been clearly assessed, evidence suggests that HIV-infected individuals, especially those with
suboptimum treatment for their HIV, are at accelerated risk of COPD.

The association between HIV infection and obstructive lung diseases represents the ultimate
sequelae of as-yet undefined damage to the lung, which had probably happened over many
years. Although these data are informative, the clinician also needs to understand the
association of HIV with different measures to test pulmonary function that are independent
of established lung diagnoses in the era after the introduction of ART. Here we present
insights on the effect of HIV infection on spirometry, lung volumes, bronchodilator
response, diffusion impairment, and bronchial hyper-reactivity, independent of disease
diagnoses (panel 1).

Panel 1
Summary of pulmonary function abnormalities in HIV infection
Spirometry

o 7-21% obstructive ventilatory defect (defined as forced expiratory volume in 1 s
[FEV1]/ forced vital capacity [FVC]<0-70)

* Reduced FEV1

» Reduced FVC

e Accelerated FEV1 decline in poorly controlled HIV
Lung volumes

* No conclusive data
Diffusion impairment

»  50-64% of individuals have reduced diffusing capacity of the lung for carbon
monoxide (DLCO)

e Reduction in DLCO greatest with advanced HIV
e DLCO abnormalities present in never-smokers

Bronchial hyper-reactivity
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»  Greater prevalence in HIV-infected patients than in controls (26% vs 14%)
Bronchodilator reversibility
e 9% prevalence

* No association with ART or disease control

Abnormalities in pulmonary function tests in patients with HIV

Spirometry

Spirometric measurements, including FEV1 and FVC, are the definitive measurements to
ascertain the presence of airflow obstruction such as that seen in asthma and COPD. The
prevalence of obstructive ventilatory defects (defined as FEV1/FVC<0:70) in HIV-infected
people ranges from 7% to 21% despite the widespread use of ART.11:36:41-44 This increase
in prevalence is seen in both children and adults with HIV infection.11:36:41-44 Chronic HIV
infection in vertically infected children is associated with abnormal results of spirometric
testing.4>46 Adolescent survivors of vertically acquired HIV infection in Africa are
susceptible to small airways disease; for example, nearly 50% of 116 adolescents from one
study had an FEV1 of less than 80% predicted, despite 69% of the entire study cohort
receiving ART.#6 In adults, Gingo and colleagues!! reported that 21% of HIV-infected
individuals had irreversible airflow obstruction, and this finding was more common in
patients who had ever smoked than those who had never smoked. ART (present in 81%) and
high numbers of pack-years smoked were independently associated with fixed airflow
obstruction.1! In this analysis, no association between nadir CD4 cell count or zenith HIV
viral load and airway obstruction was noted. Additional studies have described an
association between ART use and reduced FEV1/FVC.#2 A study of 275 HIV-infected
individuals,*’ nearly all on ART with an undetectable viral load, had a 17% prevalence of
spirometric airflow limitation. Smoking exposure and previous tuberculosis were the main
risk factors for airflow limitation.

Two studies have extended these cross-sectional results by assessing longitudinal changes in
spirometric measures in HIV-infected individuals.*84° Kristoffersen and colleagues*®
followed up 88 HIV-infected patients with measurements for spirometry and DLCO at
baseline and again at a median follow-up of 4-5 years. Nearly all the patients in this cohort
were receiving ART and 40% were smokers. At the follow-up assessment, the prevalence of
reduced FEV1 (less than the 5th percentile of predicted FEV1) increased from 8% to 13%
and FEV1/ FVC reduction increased from 10% to 19%. The widespread use of ART in this
cohort did not allow for assessment of the effect of HIV disease control on spirometric
changes over time. In a US study from Baltimore**—in which 1064 individuals with, or at-
risk of, HIV infection underwent longitudinal spirometric measurements every 6 months for
almost 3 years—markers of poorly controlled HIV infection were independently associated
with more rapid annual decline of FEV1. Specifically, HIV infection with HIV viral load
higher than 75 000 copies per mL was associated with a 76 mL/year greater rate of decline
in FEV1 compared with HIV-uninfected individuals (p<0.01) (figure 2). Similarly, HIV-
infected patients with a CD4 cell count of less than 100 cells per mL had a 57 mL/year
greater decline in FEV1 than HIV-uninfected controls. Participants with markers indicating
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well controlled HIV disease had lung function changes similar to HIV uninfected
individuals. It is difficult to determine the causal association between HIV disease control
and lung function from these heterogeneous observational studies. ART use might be a
marker of previous opportunistic infections that contribute to lung function decline.
Conversely, uncontrolled HIV infection could represent a direct biological response to the
HIV virus or merely show the consequences of factors related to poor HIV treatment (eg,
increased smoking and drug use, more frequent respiratory infections, and less access to
health care).

Lung volumes and diffusing capacity

Data for lung volumes in HIV-infected individuals are scarce. One study showed that total
lung capacity is reduced after acute pneumocystis infection, but there was no difference in
total lung capacity between individuals with no history of pneumocystis and those with one
previous episode.?? Studies of pulmonary function in the post-ART era did not report
consistent abnormalities in static lung volumes in people infected with HIV 4447

Similar to results from studies of diffusing capacity in HIV-infected individuals before the
introduction of ART,1%:17:51 reductions in DLCO are common in HIV-infected individuals
in the post-ART era, with prevalence estimates that ranged from 50% to 64%,11:47:52,53
DLCO of less than 80% predicted was present in 64% of HIV-infected patients from one
study,! and was independently associated with greater numbers of pack-years smoked, and
use of pneumocystis prophylaxis (an indicator of lower CD4 cell counts), but not ART
use.1! In an analysis of 300 HIV-infected men and 289 HIV-uninfected men from the Lung-
HIV cohort,>* a moderate to severe reduction in DLCO was noted in 30% of HIV-infected
patients compared with 18% of HIV-uninfected people (p<0-001). Despite widespread use
of ART in these patients, DLCO was lowest in HIV-infected men with lower CD4 cell
counts. In this analysis, HIV was independently associated with reduced DLCO after
adjustment for race, pack-years of smoking, and clinical centre. Sampériz and colleagues*’
noted that low BMI, being a smoker, and having advanced HIV infection were independent
risk factors for reduced DLCO, present in 52% of their HIV-infected population in Spain.
Importantly, in HIV-infected patients who had never smoked, reductions in DLCO were still
noted and might be associated with raised sputum neutrophils and lymphocytes, which
suggest an underlying inflammatory process that is not attributable to smoking.>2
Reductions in DLCO are associated with reductions in performance status, as measured by a
6 min walk test in HIV-infected patients.** With the high prevalence of diffusing capacity
abnormalities noted in people with HIV infection, clinicians should think about measuring
DLCO in this population, especially in individuals with abnormal spirometry, respiratory
symptoms, or evidence of oxygen desaturation at rest or with exertion.

Bronchial hyper-reactivity and bronchodilator reversibility

Bronchial hyper-reactivity to methacholine, which occurs in many pulmonary disorders
including asthma, has been assessed in HIV-infected individuals. Early smaller studies did
not find an association between HIV infection and bronchial hyper-reactivity to
methacholine.?1:55 Few studies in the post-ART era have characterised bronchial hyper-
responsiveness.?228 |n a study of 248 HIV-infected men,22 26% had hyper-responsiveness
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to methacholine compared with 14% from a general population control group. In this
analysis, current cigarette use was more prevalent in the HIV-infected group, potentially
confounding the results. The largest study of bronchodilator reversibility in HI\VV-infected
individuals involved 223 participants, of whom 21% had a physician diagnosis of asthma.28
Bronchodilator reversibility, defined by improvement in FEV1 or FVC of at least 200 mL or
12% after inhaled bronchodilator, was present in 9% of the cohort. No differences in use of
antiretroviral drugs, CD4 cell count, or viral load levels were seen between those with and
without bronchodilator reversibility. In multivariable analysis, bronchodilator reversibility
was independently associated only with sputum eosinophil count.28 These studies represent
the available data for airways hyper-reactivity and bronchodilator reversibility in people
with HIV-infection in the post-ART era.

Lung cancer screening in smokers infected with HIV

Substantial data lend support to an association between HIV infection and lung cancer risk,
independent of smoking.” In HIV-uninfected smokers, low-dose CT screening reduced lung
cancer mortality.%8 In view of the high smoking prevalence3%:31 and lung cancer risk in
HIV-infected patients, this population is expected to have an increased need for screening
CT in the near future. Whether HIV infection should be regarded as an additional lung
cancer risk factor and prompt screening at younger ages in this population has been
debated.®’ Data for screening in HIV-infected populations are very sparse and so far, lung
cancer screening guidelines have not been adapted specifically for patients with HIV
infection. A challenge for clinicians screening asymptomatic HIV-infected smokers is the
potential increased risk of false-positive CT findings related to previous infectious or
inflammatory events. The additional imaging and diagnostic tests needed in this population
might attenuate some of the benefit reported in general population screening trials. Sigel and
colleagues®’ compared the frequency of incidental CT abnormalities in 160 HIV-infected
and 138 HIV-uninfected asymptomatic smokers enrolled in the multicenter Examinations of
HIV Associated Lung Emphysema Study. The proportion of CT scans defined as positive by
screening guidelines did not differ significantly by HIV status (29% in HIV-infected
smokers vs 24% in HIV-uninfected smokers, p=0-3). HIV-infected participants with CD4
cell count less than 200 cells/mms3 had a greater prevalence of abnormalities on CT scan
than those with higher CD4 cell count (55% vs 25%, p=0-008). In a multivariable analysis, a
CDA4 cell count less than 200 cells per mL was the only predictor of false-positive findings.
Despite this difference, rates of follow-up procedures (such as imaging, taking a biopsy
sample) did not differ by HIV status. Although broader replication and, preferably, clinical
trial data are needed, this study suggests that lung cancer screening with CT imaging in
HIV-infected populations might not show a notably higher proportion of nodules that need
follow-up, and could have similar benefits to those noted in clinical trials in the general
population.

Pharmacotherapy recommendations for HIV-infected patients with

obstructive lung disease

Prevalence of asthma and COPD is increasing in the HIV-infected population, and therefore
pulmonologists, infectious disease specialists, and general practitioners need to more
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frequently consider the potential interactions of treatments for these comorbid diseases. The
mainstays of inhaled therapy for obstructive lung diseases include inhaled corticosteroids,
short-acting and long-acting p-agonists, and long-acting muscarinic antagonists. Inhaled
corticosteroid use in the HIV-infected population warrants particular caution, because this
population is at increased risk of respiratory infections. Inhaled corticosteroids have been
associated with a raised risk of pneumonia®8> and tuberculosis®%:61 in people without HIV
infection, and their use in HIV-infected populations might potentially further increase this
risk, although this association has not been described in the scientific literature thus far.
Additionally, inhaled corticosteroids are implicated in drug—drug interactions with HI\V
therapy because inhaled corticosteroids are metabolised through the cytochrome P450
CYP3A4 pathway. Ritonavir, a protease inhibitor used at low doses to boost concentrations
of other protease inhibitors, is a potent inhibitor of the cytochrome P450 pathway.
Concomitant use of ritonavir and inhaled corticosteroids results in symptomatic
hypercortisolism; the most well described interactions have occurred with the inhaled
corticosteroid fluticasone.62-67 There are a range of hypercortisolism-related symptoms and
findings reported in HIV-infected individuals on boosted ritonavir regimens and inhaled
corticosteroids (panel 2).52-87 Most case reports describe interactions between fluticasone
and protease inhibitors, but the clinician should be aware that other inhaled corticosteroids
including budesonide and, to a lesser extent, beclomethasone, can lead to hypercortisolism
symptoms if they are given concomitantly with protease inhibitors.88-70 The 2013 update of
the antiretroviral treatment guidelines’? advised clinicians to avoid co-administration of
ritonavir-based ART with inhaled budesonide or fluticasone, unless the benefits clearly
outweighed the risks; however, inhaled beclomethasone was not included in this advice. The
adverse side-effects of inhaled budesonide or fluticasone combined with ART seem
reversible with cessation of the inhaled corticosteroid. If systemic steroids are needed to
treat disease exacerbations in patients on protease inhibitors, clinicians should recognise
that, in addition to increased glucocorticoid concentrations and related side-effects, the
levels of protease inhibitors might potentially be reduced.

Panel 2

Adverse effects of interactions between protease inhibitors and inhaled
corticosteroids

Implicated inhaled corticosteroids
e  Fluticasone
e Budesonide
e Beclomethasone
Hypercortisolism is associated with
* [Fatigue
*  Weight gain

e Truncal obesity

e Hirsutism
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e Cushing’s syndrome

*  Osteonecrosis

No interactions between non-corticosteroid inhaler regimens and ART have so far been
reported. Additionally, the newer generation integrase inhibitors used to treat HIV infection
have not been shown to raise the accumulation of glucocorticoids with inhaled corticosteroid
therapy.’2 One case report described increased neuropsychiatric symptoms with concurrent
use of efavirenz with montelukast, a leukotriene receptor antagonist used to treat asthma.”3
Although present pulmonary guidelines for treatment of asthma and COPD do not suggest
specific modifications to ART,3974 it is reasonable for the clinician to carefully consider the
role of inhaled corticosteroid as the first-line treatment of asthma and COPD. In asthma, for
which inhaled corticosteroid are first-line therapy for disease not controlled with short-
acting B-agonist therapy,’# the lowest effective dose of inhaled corticosteroid should be
preferentially used and patients should be regularly assessed for hypercortisol symptoms. In
COPD, consideration should be given for long-acting muscarinic antagonists as first-line
inhaled therapy.

Uncertainties in HIV-associated obstructive lung diseases

Increasing attention is being paid to complications of obstructive lung disease that arise in
people with chronic HIV infection, so that clinicians will recognise and improve concurrent
management of these comorbidities. Despite the substantial increase in the number of
studies contributing data for the prevalence, risk, and sequelae of obstructive lung diseases
in the HIV-infected population, many areas of uncertainty still remain. Should the diagnosis
of obstructive lung disease in HIV patients be approached differently than in HIV-
uninfected individuals? Present guidelines do not recommend screening spirometry to detect
COPD in asymptomatic smokers.? However, since unrecognised abnormalities in
spirometric measurements and DLCO are highly prevalent in HIV-infected individuals,
widespread screening of all HIV-infected smokers might be of benefit, irrespective of
symptoms. Does early treatment with ART modify lung function decline in the HIV-
infected? If so, obstructive lung disease could represent an additional indication for ART
initiation, irrespective of the extent of immunosuppression, which could have substantial
implications in many areas of the world that have intersecting epidemics of HIV and tobacco
smoking but scarce resources for providing ART. What are the expected normal versus
abnormal CT scan findings in HIV-infected individuals free from acute respiratory
symptoms? Use of CT scan imaging for lung cancer screening is increasing, so practitioners
will be called on to interpret the clinical significance of asymptomatic abnormalities.
Finally, what are the best methods to distinguish exacerbations of obstructive lung disease
from acute respiratory infections? In view of the major differences in therapeutic
management of exacerbations (inhaled corticosteroids) versus infection (antibiotics),
distinguishing these processes is key to the optimisation of clinical care. The table
emphasises the present understanding and gaps in knowledge about HIV-associated
obstructive lung diseases, and outlines potential future studies and challenges with respect to
HIV-associated obstructive lung disease.
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Search strategy and selection criteria

References for this Review were identified through searches of PubMed, Embase,
Cochrane, and Scopus for English-language articles published from Jan 1, 2011, to Jan
24, 2014, containing terms such as: “HIV and lung function”, “HIV” and “HIV
treatments and respiratory medicines”, and “HIV and respiratory diseases”. Full details of
the search strategy and results can be requested from the authors. MeSH terms and
related keywords were included in search strategies to ensure thoroughness. 5199
potentially relevant citations were identified, and after removal of duplicates, the titles
and abstracts were screened by MBD for inclusion in the Review; published abstracts
presented at meetings were largely excluded. Relevant articles published before January,
2011, were identified through handsearching and cited reference searching.

In summary, the success of ART in improving life expectancy in HIV-infected individuals
has led to a population at increased risk of asthma and COPD. Although the mechanisms
underlying the development of these lung diseases are unclear, clinicians need to have a
heightened awareness of the increasing risk and manifestations of obstructive lung diseases
in HIV-infected patients, and that HIV infection seems to negatively affect spirometric and
diffusing capacity measurements. Caution should be used if considering inhaled
corticosteroids for the management of obstructive lung disease in HIV-infected individuals
on protease inhibitors. Ultimately, close collaboration and coordination between
pulmonologists, general practitioners, and infectious disease physicians can ensure that the
best possible care for lung disease is delivered to HIV-infected individuals in the post-ART
era.
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Figure 1. Unadjusted incidence rates (per 1000 person-years) of obstructive lung diseases for
HIV-infected patients and HIV-uninfected patients

COPD-=chronic obstructive pulmonary disease. PCP=Pneumocystis pneumonia. HIV
+=patients infected with HIV. HIVV—=patients uninfected with HIV. *p<0-05 for HIV-
infected versus HIV-uninfected patients. fincidence in PCP group for HIV-uninfected
patients was 0-02. Reproduced from Crothers and colleagues?® by permission of the
American Thoracic Society.
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Figure 2. Higher viral load is associated with more rapid annual FEV1 decline
FEV1=forced expiratory volume in 1 s. Higher viral load in HIVV-infected patients (>75 000

copies per mL, green line) is associated with more rapid adjusted annual FEV1 decline
compared with HIV-infected patients with viral load <75 000 copies per mL (red line) and
HIV-uninfected people (blue line). Reproduced from Drummond and colleagues*® by
permission of Lippincott Williams and Wilkins/Wolters Kluwer Health: AIDS.
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Current knowledge, gaps in knowledge, and future research needed into HIV-associated obstructive lung

diseases

Gaps in knowledge

Future research

Research challenges

HIV infection increases
asthma risk in children

Impact of HIV viral control on
asthma risk

Longitudinal studies of clinical
and physiological outcomes in
HIV-infected individuals with

asthma and COPD

Selection of representative HIV risk
groups and appropriate comparator
participants

COPD is more prevalent
in HIV-infected
individuals

Appropriate screening guidelines for
COPD in HIV-infected individuals
Optimum approaches to distinguish
obstructive lung disease
exacerbations from respiratory
infections

Clinic-based studies of
approaches to screen for COPD

Adjustment for confounding
behaviours, HIV therapies, and
infections

Lung cancer risk is
increased with HIV
infection

Anticipated findings in screening CT
scans of HIV-infected smokers

Retrospective analyses of CT
databases of HIV-infected
smokers

Disentangling the effect of HIV
therapy from reduction of
confounding behaviours

Spirometric and diffusion
impairments are common
in HIV- infected
individuals

Effect of early treatment of HIV on
lung function decline

Assessment of lung function
outcomes in clinical trials of
HIV therapies

Harmonisation of pulmonary-
specific outcomes across cohort
studies of HIV-infected individuals

Inhaled corticosteroids
can interact with
ritonavir-containing HIV

therapies

Risk of respiratory infections in HIV-
infected individuals being treated
with inhaled corticosteroids

Randomised controlled trials of
inhaled corticosteroids versus
other therapies for COPD

Identification of eligible HIV-
infected individuals with COPD for
clinical trials

COPD=chronic obstructive pulmonary disease.
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