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Abstract
Objective: To determine the prevalence and risk factors for chronic obstructive pulmonary disease (COPD) among
HIV-infected adults in Nigeria.
Design: Cross-sectional study.
Methods: HIV-infected adults aged ≥ 30 years with no acute ailments accessing care at the antiretroviral therapy
clinic of Jos University Teaching Hospital were enrolled consecutively. Participants were interviewed to obtain pertinent
demographic and clinical information, including exposure to risk factors for COPD. Post-bronchodilator spirometry
was carried out. HIV related information was retrieved from the clinic medical records. COPD case-definition was
based on the Global Initiative for Obstructive Lung Disease (GOLD) criteria using post-bronchodilator FEV1/FVC <0.7.
COPD prevalence was also calculated using the lower limit of normal for FEV1/FVC criteria (LLN) from the European
Respiratory Society normative equation. Factors associated with COPD were determined using logistic regression
models
Results: Study population comprised 356 HIV infected adults with mean age of 44.5 (standard deviation, 7.1)
years and 59% were female. The mean time elapsed since HIV diagnosis was 7.0 (SD, 2.6) years and 97.5% of the
respondents were on stable ART with virologic suppression present in 67.2%. Prevalence of COPD were 15.4% (95%
confidence interval [CI] 11.7-19.2), 12.07% (95% CI 8.67-15.48), 22.19% (95% CI 18.16-26.83) using GOLD, ERS
LLN and GLI LLN diagnostic criteria respectively. In multivariate analyses adjusting for gender, exposure to cigarette
smoke or biomass, history of pulmonary tuberculosis, use of antiretroviral therapy, current CD4 T-cell count and HIV
RNA, only age > 50 years was independently associated with COPD with OR 3.4; 95% CI 1.42-8.17 when compared
to ages 30-40 years.
Conclusion: HIV-associated COPD is common in our population of HIV patients.
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Introduction
Widespread access to effective antiretroviral therapy (ART) has led to
increased survival in persons living with the human immunodeficiency
virus (HIV) [1,2]. In several parts of the world, non-communicable
diseases (NCDs) have replaced AIDS as the leading causes of morbidity
and mortality in HIV patients, a trend that is accentuated by aging of
the HIV population [3,4]. Chronic Obstructive Pulmonary Disease
(COPD), the 3rd leading cause of death worldwide, is emerging as an
important NCD in the HIV population [5,6].
The Pulmonary Complications of HIV Infection Study (PCHIS) was
the first to describe abnormal pulmonary function tests among HIVinfected persons [7]. Subsequent studies have confirmed an increased
risk of COPD in persons infected with HIV, with most reporting a
higher prevalence in the ART era [6,8,9]. The pathogenic mechanism(s)
of HIV-associated COPD remains unclear, but known COPD risk
factors prevalent among persons with HIV include low economic status
[10] and cigarette smoking [6,11,12]. Irrespective of these known risk
factors, HIV infection is being considered as an independent risk factor
for COPD [13,14].
There is little known about HIV-associated COPD in sub-Saharan
Africa (SSA) where over two-thirds of HIV infected persons worldwide
reside [15,16]. Of note, peculiarities of the HIV epidemic in SSA such
as limited access to ART and overrepresentation of females and the
young age group may cause the epidemiology of HIV-associated COPD
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to vary from that in other parts of the world. Epidemiologic variation
of risk factors for COPD and possibly host genetics may influence the
COPD burden in various settings. Therefore, our primary aim was to
determine the prevalence of COPD diagnosed by post-bronchodilator
spirometry [17], among an adult population of HIV infected persons in
Nigeria. We also sought to identify factors associated with COPD in the
patient population.

Methods
Study settings and participants
Between April 2013 and March 2014, consecutive adult HIV
patients presenting for routine care at the Jos University Teaching
Hospital (JUTH) Antiretroviral Clinic were invited to participate in this
cross-sectional study. The JUTH HIV clinic is supported by the AIDS
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Prevention Initiative in Nigeria (APIN)/PEPFAR. It has approximately
14,000 patients as previously described [18]. Routine care at the JUTH
clinic includes free antiretroviral drugs for eligible patients, CD4 count
measurement every 6 months and HIV RNA quantification (viral load)
yearly. The JUTH Research Ethics Committee approved the study
protocol.
Patients aged 30 years or older who gave informed written consent
were eligible. We selected an age cut-off of 30 years because previous
studies have suggested an earlier onset of COPD in HIV-infected
persons [19]. Exclusion criteria were presence of an acute illness within
the 30 days preceding the study, contraindications to spirometry such
as chest, abdominal or eye surgery within 3 months of the study or
advanced cardio-pulmonary disease. Patients who initiated ART prior
to presentation for care at the JUTH HIV clinic were excluded because
we could to access or verify information such as date of first HIV
positive test, nadir CD4 count or pre-treatment HIV RNA levels.

Data collection
Each participant was interviewed to obtain socio-demographic
data, current respiratory symptoms, exposure to known COPD risk
factors (cigarette smoking, biomass exposure, and occupational
pulmonary toxins) and prior pulmonary diagnosis. Respiratory
symptoms of interest were cough, phlegm production, dyspnea and
wheezing. Date of first positive HIV test, ART use history, treatment
for pulmonary tuberculosis, CD4 T-cell counts (nadir and current) and
HIV RNA levels (pretreatment and current) were extracted from the
clinic electronic database.

Spirometry
The weight and height of each participant was obtained using a
stadiometer, following which spirometry was carried out by a trained
technician with the patient sitting, in accordance with the protocol
developed by the American Thoracic Society [20,21]. Spirometry was
performed approximately 20 minutes after administration of 200 ug of
inhaled albuterol via a spacer. Spirometric measures of interest were
Forced Vital Capacity (FVC) and Forced Expiratory Volume in the first
second (FEV1). The highest value of the FEV1 and FVC1 out of three
acceptable readings for each participant was taken as the representative
reading and was used for analyses [20]. Spirometry was performed using
the NDD EasyOneTM spirometer (ndd Medical, Zurich, Switzerland).
The spirometer was set to automatically generate reports based on the
ATS/ERS 2005 spirometry standard as well as predictive reference
values using the European Respiratory Society (ERS) equation using
the reference for “blacks” [22]. Irrespective of the automated reporting,
each spirometry reading was verified for acceptability and validity by a
consultant pulmonologist (Akanbi M) using the ATS/ERS criteria [20].
The spirometer was calibrated at the beginning of the study and weekly
biological control tests were carried out throughout the study period.

Definitions
From self-reported interviews, patients were classified as current
cigarette smokers, ex-smokers and non-smokers based on National
Health Interview Survey definitions [23]. Cigarette smokers were
defined as patients who reported smoking ≥ 100 cigarettes in their
lifetime. Current smokers were defined as patients who reported
smoking ≥ 100 cigarettes in their lifetime, and currently smoking every
day or some days. Ex-smokers were defined as patients who reported
smoking ≥100 cigarettes in their lifetime but currently did not smoke.
Cumulative exposure to cigarette smoking was calculated using packyears. This was determined by multiplying the average number of
J AIDS Clin Res
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cigarette sticks smoked per day by the number of years the person had
smoked and dividing the result by 20.
Exposure to biomass was also determined using self-report.
Persons who reported exposure to smoke from combustion of firewood,
sawdust, cow-dung or corn-cubs (for cooking or room heating) on most
days for more 6 months were considered to have high-level biomass
exposure. This estimate was based on our clinical judgment. Similarly,
persons who had exposure to dust or fumes on most days for more than
6 months were considered to have high level of exposure.
Estimated minimum duration of HIV infection was defined as the
time between the first positive HIV test result and date of interview.
We considered recent CD4 T cell count as that within three months
of interview date and HIV RNA level to be those within a year of the
study visit. HIV RNA was reported as undetectable if the level was <20
copies/ml (limit of detection of the PCR machine at the JUTH APIN
laboratory).

Data analysis
The primary outcome measure was COPD defined as postbronchodilator FEV1 /FVC <0.7; based on the Global Initiative for
Obstructive Lung Disease (GOLD) criteria [24]. Due to disagreements
over the most appropriate diagnosis of COPD, we also determined
overall COPD prevalence using FEV1/FVC ratio below the 5th percentile
[lower limit of normal (LLN)] after adjusting for age, height, gender and
race generated using the ERS equation [22] and Global Lung Function
Initiative (GLI) normative equation [25]; but this definitions were not
used for subsequent analysis.
Characteristics of patients with and without COPD were compared
using chi square test for categorical variables and students t-test for
continuous variables. Factors associated with COPD were determined
using logistic regression models. Where there was an interaction
between two factors e.g. ever smoked and pack-years, the factor with the
stronger association in the univariate model was used for subsequent
analysis. Factors with a p-value<0.2 in the univariate model were
included in the multivariate model to identify those independently
associated with COPD. Variables previously associated with COPD
were also included in the multivariate model. A backward elimination
approach was then used to determine the final model; with variables
with a p-value<0.05 considered significant and retained in the final
model.
Statistical analyses were performed using SPSS version 19.0
(Chicago, IL) and Stata version 11 (College Station, TX).

Results
Patient characteristics
We enrolled all 500 patients who met study criteria and gave
consent to participate. Data from 144 patients were excluded; 118
(23.6%) because their spirometry did not meet the minimum ATS/
ERS criteria [20,26,27] and 26 (5.2%) whose CD4 and/ or viral load
results could not be traced. There were no significant differences in age
or sex distribution between persons excluded and those included in the
subsequent analysis (p= 0.09 and 0.9, respectively).
Data of 356 HIV infected adults were utilized for subsequent
analysis. The mean (standard deviation) age of this population was 44.5
[Standard deviation (SD) 7.1] years, and 210 (59%) were female. Three
hundred and eighteen (89.3%) had some formal education, and 158
(44.4%) had tertiary education. Sixty one patients (17.1%; all males)
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Entire cohort 356
N (%)

Characteristic
Age, mean years, (SD)

44.5 (7.1)

Age Group (Years)
30-39

96 (27.0)

40-49

179 (50.2)

> 50

81 (22.8)

Female

210 (59)

Male

146 (41)

Sex, n (%)

Ever smoked, n (%)

61 (17.1)

Biomass exposure, n (%)

135 (37.9)

History of PTB, n (%)

The mean time elapsed since HIV diagnosis was 7.0 (SD, 2.6) years
and the 97.5% were on stable ART with virologic suppression present
in 64.3% (Table 1). Two hundred and ten patients (58.9%) were on
Nevirapine based ART, 49 (13.8%) on efavirenz based ART, and 76
(21.3%) on protease inhibitors (lopinavir or atazanavir with ritonavir).

82 (23)

Use of ART, n (%)

346 (97.8)

*Baseline CD4 T-cell count, median cells/ul(IQR)

173 (29-283)

*Log pre-treatment HIV Viral Load, median copies/ml (SD)

4.5 (3.4-5.1)

Recent CD4 T-cell count, median cells/ul(IQR)

Prevalence of and factors associated with COPD

487 (324-682)

Current HIV Viral Load, undetectable, n (%)

250 (70.2)

Time elapsed since HIV diagnosis, mean years (SD)

had a history of cigarette smoking and 13 (3.7%) were current smokers.
Among cigarette smokers, the median quantity of cigarette smoked
was 2.5 [interquartile range (IQR) 0.6-6.6] pack years. One hundred
and thirty five patients (37.9%) reported greater than 6 months of daily
exposure to biomass (considered as significant exposure in this study).
Female patients had a higher frequency of biomass exposure than
males; 122(58.1%), 13 (8.9%); p<0.01). The main activity associated
with biomass exposure was household cooking (96.95%).

8 (2.6)

SD: Standard Deviation; PTB: Pulmonary Tuberculosis; ART: Antiretroviral Therapy;
IQR: Interquartile Range, *CD4: cell count and viral load at first presentation for HIV
care
Table 1: Characteristics of HIV-infected adults screened for Chronic Obstructive
Pulmonary Disease using spirometry in Jos, Nigeria (May 2013-March 2014).
Characteristic

GOLD criteria
n (%)

ERS criteria
n(%)

GLI
n (%)

Overall

55 (15.4)

43 (12.1)

179 (22.2)

30-39

10 (10.4)

11 (11.5)

19 (19.8)

40-49

22 (12.3)

17 (9.5)

33 (18.4)

> 50

23 (28.4)

15 (18.5)

27 (33.3)

Utilizing the GOLD criteria, COPD was diagnosed in 55 of 356
participants (15.4%, 95% CI 11.67-19.22). The prevalence of COPD
diagnosed using the LLN was 12.1% (95% CI 8.67-15.48) based on the
ERS normative values and 22.19% (95% CI 18.16-26.83) based on the
GLI normative equation. COPD prevalence in different age groups is
shown in Table 2. Based on GOLD classification of COPD severity,
7.9% (28), 7.3% (26), and 0.3% (1) had stage 1 (mild), 2 (moderate)
and 3 (severe) COPD, respectively. No participant had stage 4 or very
severe COPD.
COPD prevalence based on patient characteristics is shown in
Table 3. In univariate analysis, odds for COPD were higher in patients
older than 50 years compared to those between the ages of 30-40 years
(p<0.01), persons with >20 years of cigarette smoking compared to
persons with <1 year of smoking (p=0.03) and recent CD4 count <200
cells/ µl (p=0.02). Age >50 years was the only independent predictors of
COPD in multivariate analysis (Table 4).

Age, years

GOLD: Global Initiative for Obstructive Lung Disease (Forced expiratory volume in
the first second [FEV1]/ Forced Vital Capacity [FVC] <0.7)
ERS: European Respiratory Society 1993 normative equation (FEV1/FVC lower
than the 5th percentile)
GLI: Global Lung Initiative (2012) normative equation (FEV1/FVC lower than the
5th percentile)
Table 2: Prevalence of Chronic Obstructive Pulmonary Disease among 356 HIVinfected adults in Jos Nigeria, May 2013-March 2014.

Respiratory Symptoms and HIV-associated COPD
A total of 62 patients (17.4%) had at least one respiratory symptom.
Documented respiratory symptoms were dyspnea (n=39; 11.1%),
cough (n=25; 7.0%), phlegm production (n=18; 5.1%) and wheezing
(n=16; 4.5%). 29% of persons with respiratory symptoms had COPD
compared to 12.6% among asymptomatic patients (p=0.003). Persons

COPD-free
N=301

COPD
N=55

p-value

43.9 (6.7)

47.8 (8.4)

<0.01

30-39

86 (28.6)

10 (18.2)

<0.01

40-49

157 (52.2)

22 (40.0)

Characteristic
Age, mean years, (SD)
Age Group (Years), n (%)

58 (19.3)

23 (41.8)

Sex, male, n (%)

> 50

118 (39.2)

28 (50.9)

0.11

Ever smoked, n (%)

48 (15.9)

13 (23.6)

0.16

Biomass exposure, n (%)

118 (39.2)

17 (30.9)

0.24

History of PTB, n (%)

67 (22.3)

15 (27.3)

0.42

Use of ART, n (%)

295 (98)

53 (96.4)

0.45

177 (82-286)

154 (62-272)

0.12

4.2 (1.2)

4.1 (1.2)

0.50

496 (326-692)

441 (309-829)

0.19

Recent CD4 T-cell count < 200 cells/ul, n(%)

25 (8.4)

10 (18.9)

0.02

Current HIV Viral Load, undetectable, n (%)

211 (70.3)

39 (70.9)

0.93

7.1 (2.5)

6.9 (2.7)

0.68

*Baseline CD4 T-cell count, Median cells/ul(IQR)
*Log pre-treatment HIV RNA, mean copies/ml (SD)
Recent CD4 T-cell count, median cells/ul(IQR)

Time elapsed since HIV diagnosis, mean years (SD)

SD: Standard Deviation; PTB: Pulmonary Tuberculosis; ART: Antiretroviral Therapy; IQR: Interquartile Range, *CD4: cell count and viral load at first presentation for HIV care
Table 3: Characteristics of HIV-infected adults stratified by Chronic Obstructive Pulmonary Disease diagnosis in Jos, Nigeria (May 2013-March 2014).
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Characteristic

Univariate Analysis
OR

95% CI

Age, years

Multivariate
p-value

OR

95% CI

<0.01

p-value
0.01

30-40

Ref.

Ref.

>40-50

1.21

0.55-2.66

0.64

1.33

0.57-3.14

0.51

>50

3.41

1.51-7.69

<0.01

3.40

1.42-8.17

0.01

0.90-2.86

0.11

-

-

-

Gender
Female

Ref.

Male

1.61

Duration of cigarette smoking (Years)

0.09

<1

Ref

1-20

0.94

0.37-2.36

0.89

-

-

-

>20

3.69

1.13-11.59

0.03

-

-

-

Duration of biomass exposure (years)

0.20

<1

Ref

1-20

0.91

0.47-1.75

0.70

-

-

-

20

1.93

0.88-4.22

0.10

-

-

-

0.40-1.47

0.42

-

-

-

0.37-9.44

0.46

-

-

-

1.14- 5.63

0.02

2.17

0.52-1.83

0.93

History of PTB
No

Ref.

Yes

0.76

On ART
No

Ref.

Yes

1.85

-

Current CD4 T-cell count, cells/µl
≥200
<200

Ref
2.53

Ref

0.09
0.88 – 5.36

Current HIV Viral Load
Undetectable

Ref.

Detectable

0.97

-

-

-

PTB- Pulmonary Tuberculosis; ART- Antiretroviral therapy; OR-Odds ratio
Table 4: Univariate and multivariate logistic regression models of factors associated with Chronic Obstructive Pulmonary Disease among HIV-infected adults at the Jos
University Teaching Hospital HIV Clinic (May 2013-March 2014)

with COPD were more likely to report wheezing (OR 4.7; 95% CI 1.713.13, p=0.003) or dyspnea (OR 3.27; 95% CI 1.6-6.9, p=0.002). We did
not find a significant association between cough (OR 1.8; 95% CI 0.74.8, p=0.23) or phlegm expectoration (OR 1.6, 95% CI 0.5-5.1, p=0.42)
and COPD.

Previous asthma diagnosis and HIV-associated COPD
Seven patients (2%) had a previous diagnosis of bronchial asthma
while none had a previous diagnosis of COPD. COPD prevalence among
patients who reported a previous diagnosis of asthma was 57.1% compared
to 14.6% in persons without a previous diagnosis of asthma (p=0.01).

Discussion
Despite the high burden of HIV in SSA, there is limited
information on the burden of HIV-associated COPD on the continent.
We determined COPD prevalence in a clinic cohort of HIV infected
adults in long term care in Jos, Nigeria. Utilizing the GOLD COPD
diagnostic criteria of post bronchodilator spirometry, the prevalence
of COPD in our population of HIV infected adults aged 30 years and
above was 14.47% with almost all of these cases (98% of the total cases)
being of mild or moderate severity. COPD prevalence was 12.1% based
J AIDS Clin Res
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on the ERS LLN criteria and 22.19% based on GLI LLN criteria. We
found COPD to be independently associated with older age (above 50
years compared to 30 to 40 year old). Persons with CD4 T-cell count
<200 cells/µl tended to have a higher of COPD but this difference
was not statistically significant (p=0.09). Further, participants with
COPD were more likely to report wheezing and coughing, consistent
with the typical clinical features of this condition. Biomass exposure
and cigarette smoking did not significantly contribute to COPD risk
in our patient population, albeit our definitions of significant biomass
exposure were based on expert opinion.
High COPD prevalence has been reported among patients with
HIV infection; with spirometry diagnosed COPD prevalence ranging
from 6.8%(27) to 21% [28]. In addition, markers of airway obstruction
such as lower expiratory flow rates [29], bronchial hyper responsiveness
[30] and air trapping [31] have been demonstrated in persons with
HIV. With the high prevalence of HIV in SSA, COPD in the aging HIV
population is likely to contribute significantly to long-term morbidity
in the region. Unfortunately, awareness of COPD among physicians
[32] and the general population is low in SSA and this is compounded
by low availability of spirometry [33]. This implies that many patients
with COPD remain undiagnosed.
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HIV-associated COPD presents unique challenges in SSA.
Symptoms of COPD such as chronic cough with phlegm expectoration
among persons with HIV in our setting is often attributed to infections
especially tuberculosis. Since TB diagnosis is often based on smear
microscopy, many patients with COPD may be erroneously diagnosed
with ‘smear negative’ TB. Additionally, the prevalence of COPD risk
factors may also vary across populations of HIV-infected persons in
SSA. Cigarette smoking which is regarded as the most important risk
factor for COPD globally [34], has been commonly reported in HIVinfected persons in Western Nations. In our cohort, only 17.1% of the
participants ever smoked cigarettes compared to over 60% among HIVinfected persons in the U.S. and Europe [12,35]. Another important
modifiable contributor to COPD burden in low- and middle-income
countries (LMICs) such as Nigeria is exposure to biomass [26]. A high
proportion of the women in our study (58.1%) reported high-level
exposure to biomass. Cumulative exposure to biomass is known to
increase COPD risk, [36,37] and household cooking in rural setting has
been shown to increase COPD in elderly women [38]. However, despite
the high prevalence of exposure to biomass in our female population, it
was not an independent predictor of COPD, possibly because of young
age of the participants and outdoor cooking which often occurs in
many rural areas in Nigeria. Notwithstanding, as our HIV population
ages the cumulative exposure to biomass may become an important
contributor to COPD.
Respiratory infections are common in persons with HIV and
contribute to lung function impairment. Tuberculosis is one of the
most common respiratory infections in Africa. A history of pulmonary
tuberculosis (PTB) was present in 23.5% of the patients in our study,
but an association with COPD was not detected. TB has been associated
with COPD by other investigators such as Ehrlich and colleagues [39] in
South Africa who found a strong association between TB and chronic
bronchitis, diagnosed by the presence of chronic cough. Chronic cough
and airway obstruction following TB may be due to bronchiectasis,
often resulting from extensive fibrosis and destruction of airway
architecture [40,41]. However, in the setting of HIV, TB is often
paucibacillary, with absence of classical extensive fibrosis suggesting
that other factors may contribute to the presence of airway obstruction
[42]. Among opportunistic lung infections, Pneumocystis jirovecii has
shown the strongest association with COPD [43], but a low prevalence
of Pneumocystis jirovecii has been reported in SSA [44,45], hence its
contribution to HIV associated COPD in the region remains uncertain.
HIV specific factors that have been associated with COPD risk
include low CD4 T-cell count, high viral load and recurrent or chronic
pulmonary infections [6,16,27]. In our study, COPD tended to be
more common in persons with CD4 T-cell count below 200 cells/µl;
the association between viral load and COPD was however weak. Our
findings are similar to that documented in the Veterans Aging Cohort
Study [6] in which HIV-infected persons had significantly lower CD4
T cell count compared to those without COPD, but with no significant
differences in HIV viral load. Contrasting this is the study by Gingo
et al. [28], where neither low CD4 cell count nor high viral load was
associated airway obstruction. Notably, in a longitudinal study of
1064 participants with or without HIV-infection in Baltimore, USA,
Drummond et al. [46] observed a more rapid decline in FEV1 and FVC
among HIV-infected persons with viral load above 75000 copies/ml
compared with uninfected persons. Similarly, HIV positive persons
with CD4 cell count less than 100 cells/µl had a more rapid decline in
FEV1 and FVC. Despite the findings from recent studies showing lower
lung function indices in the presence of poorly controlled HIV disease,
it remains unclear if this is due to direct cytopathogenic effects of the
J AIDS Clin Res
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HIV virus on the lungs or a marker of other factors such as cigarette
smoking or recurrent lung infections.
Our study is one of the first to report on the burden of HIVassociated COPD in SSA, and the first to do so in Nigeria, the country
with the second highest number of HIV patients in the world. Despite
the low prevalence of cigarette smoking in our population and wellcontrolled HIV disease in the majority of patients in our study, we
report a high prevalence of COPD, all previously undiagnosed. One of
our limitations was the constrained ability to assess for risk factors for
COPD due the cross-sectional study design. This and the low number of
ART naïve participants limited our assessment of the impact of ART on
COPD. A notable strength of our study is the use of post bronchodilator
spirometry, the gold standard for COPD diagnosis. The use of GOLD
criteria and LLN for COPD diagnosis improved the accuracy of our
estimation of COPD burden.
In conclusion, we have demonstrated that COPD prevalence is
high among HIV-infected adult Nigerians and that the risk for COPD
is associated with older age. The pervasive COPD under-diagnosis
demonstrated in our study is a major challenge and brings to the fore the
need to train and equip HIV care providers to recognize and diagnose
COPD. It is also important for policy makers to consider incorporating
screening spirometry into routine HIV management practices so as
to increase early diagnosis and treatment of COPD since this has the
potential to improve outcomes.
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