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Abstract
Background: Chronic obstructive pulmonary disease (COPD) is a leading cause of global mortality. In high-income
settings, the presence of cardiovascular disease among people with COPD increases mortality and complicates
longitudinal disease management. An estimated 26 million people are living with COPD in sub-Saharan Africa, where
risk factors for co-occurring pulmonary and cardiovascular disease may differ from high-income settings but remain
uncharacterized. As non-communicable diseases have become the leading cause of death in sub-Saharan Africa,
defining multimorbidity in this setting is critical to inform the required scale-up of existing healthcare infrastructure.
Methods: We measured lung function and carotid intima media thickness (cIMT) among participants in the UGAN‑
DAC Study. Study participants were over 40 years old and equally divided into people living with HIV (PLWH) and an
age- and sex-similar, HIV-uninfected control population. We fit multivariable linear regression models to characterize
the relationship between lung function (forced expiratory volume in one second, F EV1) and pre-clinical atherosclero‑
sis (cIMT), and evaluated for effect modification by age, sex, smoking history, HIV, and socioeconomic status.
Results: Of 265 participants, median age was 52 years, 125 (47%) were women, and 140 (53%) were PLWH. Most
participants who met criteria for COPD were PLWH (13/17, 76%). Median cIMT was 0.67 mm (IQR: 0.60 to 0.74), which
did not differ by HIV serostatus. In models adjusted for age, sex, socioeconomic status, smoking, and HIV, lower F EV1
was associated with increased cIMT (β = 0.006 per 200 mL FEV1 decrease; 95% CI 0.002 to 0.011, p = 0.01). There was
no evidence that age, sex, HIV serostatus, smoking, or socioeconomic status modified the relationship between F EV1
and cIMT.
Conclusions: Impaired lung function was associated with increased cIMT, a measure of pre-clinical atherosclerosis,
among adults with and without HIV in rural Uganda. Future work should explore how co-occurring lung and cardio‑
vascular disease might share risk factors and contribute to health outcomes in sub-Saharan Africa.
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Background
Chronic obstructive pulmonary disease (COPD) and cardiovascular disease—leading causes of global morbidity and mortality—are responsible for nearly 22 million
deaths yearly [1]. Data from high income settings demonstrate that people with COPD have a more than twofold
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increased risk of concomitant cardiovascular disease
[2, 3], which contributes substantially to disease-related
health and economic impacts, complicates longitudinal
disease management, and increases overall mortality [4,
5]. Similarly, reduced lung function is one of the strongest predictors of mortality among people with cardiovascular disease [6]. In sub-Saharan Africa, an estimated 26
million people are living with COPD [7] and one million
people die from cardiovascular disease each year [8],
yet little is known about the prevalence, risk factors, or
health outcomes of concomitant cardiovascular disease
among those with lung disease in the region.
COPD and cardiovascular disease share several risk
factors, all of which center upon states of persistent systemic inflammation [9–11]. However, differences in the
epidemiology of these risk factors in sub-Saharan Africa
suggest that our understanding of co-occurring COPD
and cardiovascular disease derived from data collected
in high income settings may not be generalizable. Smoking, for example, is the leading cause of both lung and
cardiovascular disease globally [12]. However, smoking is
less prevalent in many regions of sub-Saharan Africa as
compared to high-income settings [13, 14], and how this
influences risk of concomitant lung and cardiovascular
disease remains to be seen. On the other hand, air pollution—the greatest environmental threat to health—is
causally associated with both lung and cardiovascular
disease [15], is more prevalent across sub-Saharan Africa
as compared to high income settings [16], and may further heighten the risk of cardiovascular disease mortality among people with COPD [17]. Lastly, most of the
38 million people with HIV globally live in sub-Saharan
Africa [18]. Data from high income settings suggest that
chronic HIV infection independently increases the risk
of both COPD and cardiovascular disease [19, 20], and
while relationships between HIV and COPD seem to be
similar in African populations [21–24], emerging data
suggests that PLWH in sub-Saharan Africa may have a
different cardiovascular disease risk profile than their
counterparts in high income settings [25, 26]. Thus,
HIV may influence relationships between lung and cardiovascular disease risk differently in HIV endemic
regions, but these patterns and their implications for
disease prevalence and health outcomes have not been
well-characterized.
As life expectancy on the African continent continues
to improve [27–29], non-communicable diseases have
become a leading source of morbidity and mortality [30–
32]. As a result, defining multi-morbidity in sub-Saharan
Africa is crucial step in establishing the next generation
of public health priorities and scaling-up the existing
healthcare infrastructure to meet this as-of-yet unmeasured need [33–35]. To address this gap in knowledge, we
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characterized the relationship between lung function and
cardiovascular disease risk, and evaluated for potential
effect modification by age, gender, smoking history, HIV
serostatus and socioeconomic status, in a mixed cohort
of adults with and without HIV in southwestern Uganda.

Methods
Study design, population, and setting

The data for this cross-sectional study were collected as
part of the Uganda Non-Communicable Diseases and
Aging Cohort (UGANDAC) Study (NCT02445079), an
observational cohort study of older adults with and without HIV that has been described in detail previously [25,
36, 37]. Briefly, PLWH were eligible for enrollment if they
were at least 40 years of age, had been taking antiretroviral therapy for at least three years, and were receiving
care at the HIV clinic at the Mbarara Regional Referral
Hospital. A sex and age-similar (matched by quartiles of
age) population-based cohort of HIV uninfected participants was recruited from a complete population census
from a community within the clinical catchment area
[38] and were confirmed to be HIV negative before each
study visit.
Data collection, exposures and outcome

Participants completed annual study visits from August
2015 through May 2018, during which study staff collected demographic and health data using structured
survey instruments, measured post-bronchodilator
lung function with handheld spirometry, and measured
carotid intima media thickness (cIMT) with ultrasonography. We characterized socioeconomic status with the
method developed by Filmer and Pritchett [39], which
uses principal components analysis to define quartiles
of wealth within the study population based on a series
of 21 questions about household assets and living conditions [40]. We defined smoking status using the WHO
STEPS questionnaire [41], and defined biomass exposure
as the type of cooking fuel used in the participant’s home.
For PLWH, we obtained data on most recent CD4 count,
viral load, and antiretroviral therapy regimen through
clinical record abstraction from the most recent HIV
clinic visit within the last 12 months. We defined viral
load suppression as a viral load below the limit of assay
detection (dried blood spot: < 550 copies/µL; plasma: < 40
copies/µL; Roche Cobas® assay, Pleasanton, CA).
Our primary outcome of interest was pre-clinical atherosclerosis, which we defined using cIMT, an ultrasoundbased measure of the thickness of the carotid artery that
has been associated with atherosclerosis and cardiovascular disease risk [25, 42]. cIMT was measured by two
operators (PB and JHK) who completed training at the
University of Wisconsin Carotid Intima Media Thickness
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Course, using a Sonosite M-Turbo machine (Sonosite,
Bothell, WA). In accordance with American Society of
Echocardiography guidelines, sonographic images were
obtained in the anterior, lateral, and posterior positions
of both the right and left common carotid artery at one
centimeter proximal to the carotid bulb using a semiautomated edge-detection software platform (SonoCalc,
Version 5.0, Sonosite, Bothell, WA). Each participant had
a total of six cIMT measures per visit, which were measured by a single reader (IY) and scored for quality by the
study vascular cardiologist (LCH). We calculated cIMT
for each participant as the average value of all measurements that met prespecified quality standards [43].
Our primary explanatory variable of interest was lung
function, which we defined as post-bronchodilator forced
expiratory volume in one second (FEV1), which represents the amount of air expelled into the environment
in the first second of exhalation using maximum effort.
This was measured using spirometry and the methodology described previously [21, 36]. Participants completed handheld spirometry in the seated position with
the instruction of trained study staff using EasyOne®
Plus handheld spirometers (ndd Medical Technologies
Inc., Andover, MA) in accordance with American Thoracic Society (ATS) guidelines [44]. Measured lung function parameters included FEV1 and forced vital capacity
(FVC). Participants with an F
 EV1 to FVC ratio less than
0.7 were asked to inhale four puffs of albuterol (Ventolin,
GlaxoSmithKline, Philadelphia, PA) and rest for 10 minutes, after which spirometry was repeated. Spirometry
was evaluated for acceptability and reproducibility using
ATS guidelines [45] and interpreted using NHANES III
prediction equations [46]. We defined COPD as a postbronchodilator FEV1 to FVC ratio less than 0.7 and
graded the severity of obstruction using the Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria [47].
Statistical analysis

We included data from the first study visit at which a
participant completed both spirometry and carotid ultrasound measurements. We summarized cohort characteristics using Mann–Whitney U (rank sum), chi squared,
or fisher’s exact tests as appropriate. We evaluated for
selection bias by comparing the characteristics of study
participants who had concomitant spirometry and cIMT
measurements versus those who did not have concomitant measurements, and compared the characteristics
of study participants with ATS-acceptable spirometry
results versus those whose spirometry results did not
meet ATS acceptability and reproducibility guidelines.
We then fit linear regression models adjusted for age,
sex, smoking history, HIV serostatus, and socioeconomic
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status to characterize the relationship between 
FEV1
and mean cIMT. We pre-specified the inclusion of these
covariates in the models based on their known relationships with both obstructive lung disease and atherosclerosis. We did not include biomass exposure in the
models because biomass exposure was ubiquitous across
the cohort. We evaluated whether age, sex, smoking history, HIV, or socioeconomic status were effect modifiers
of the relationship between FEV1 and cIMT by including a FEV1-by-covariate product term in each respective
model. We also compared the FEV1 coefficient in regression models stratified by each covariate of interest. To
evaluate the robustness of our findings, we conducted
a sensitivity analysis in which we defined lung function
using FEV1/FVC rather than 
FEV1. A final sensitivity
analysis was preformed that included physical activity in
the model, given its known association with lung and cardiovascular disease. Analyses were completed using Stata
(Version 15, StataCorp, College Station, TX).
Ethics statement

All participants gave written informed consent. Study
protocols were approved by the ethics review committees
at Mbarara University of Science and Technology and
Partners Healthcare, the Uganda National Council for
Science and Technology, and the Research Secretariat in
the Office of the President (Uganda).

Results
A total of 288 participants completed at least one study
visit between August 11, 2015 and May 7, 2018. Of these,
277 (96%) had both spirometry and carotid ultrasonography completed at the same study visit. An additional 12
(4%) of the 277 participants were excluded because their
spirometry did not meet ATS acceptability or reproducibility standards, for a total analytic cohort of 265 participants (Fig. 1). The 11 participants who did not have both
spirometry and carotid ultrasound measurements during
the study period self-reported a history of hypertension
more often than those with both measurements (45%
versus 19%, respectively; p = 0.05). Otherwise, there were
no substantive or statistical differences between participants who had concomitant spirometry and carotid
ultrasound as compared to those who did not (Additional
file 1: Table S1), or between those whose spirometry met
ATS guidelines as compared to those with ATS-unacceptable spirometry (Additional file 1: Table S2).
Among the 265 participants in the analytic dataset,
125 (47%) were women, 140 (53%) were PLWH, and primary school was generally the highest level of education
(n = 237, 89%) (Table 1). Two thirds of the cohort were
subsistence farmers (n = 175, 66%), which was more common among HIV uninfected participants as compared to
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Fig. 1 Flow diagram of study participant enrollment

PLWH (82% versus 53%, p < 0.001). PLWH also tended to
be of higher socioeconomic status than HIV uninfected
participants (p = 0.001). Current smoking was generally
uncommon (n = 40, 15%), while biomass exposure in the
form of exposure to either firewood or charcoal as cooking fuel was nearly ubiquitous (n = 262, 99%). One fifth
of the cohort had a known diagnosis of hypertension,
which was more common among HIV uninfected participants as compared to PLWH (26% versus 14%, p = 0.02).
Few had a known diagnosis of COPD/asthma, diabetes,
or hyperlipidemia at study enrollment, though a previous diagnosis of pneumonia or tuberculosis was more
common among PLWH as compared to HIV uninfected
participants (24% vs 6%, p < 0.001). There was some heterogeneity across the four categories of BMI between
PLWH and HIV uninfected participants; few participants were underweight (n = 32; 12%), though being
underweight was more common among the HIV uninfected study participants (n = 23, 18%) than those living with HIV (n = 9, 6%). Among the 140 PLWH, most
were virally suppressed (n = 123, 93%) with evidence
of immune reconstitution (n = 83, 82% with CD4 T-cell
counts ≥ 350 cells/mm3), and had been taking antiretroviral therapy for a median of nine years (interquartile
range [IQR] 8 to 10).
Of the 265 participants, 17 (6%) had COPD by the
fixed-ratio spirometric criteria, and the proportion
was similar when defining COPD using the lower limit
of the expected FEV1/FVC ratio. Most of the participants with COPD (n = 13, 76%, p = 0.048) were PLWH
(Table 2). Median F
 EV1 and F
 EV1/FVC were 2.47 L (IQR
2.07 to 2.95) and 0.80 (IQR 0.77 to 0.84), respectively,
and neither differed by HIV serostatus. Median cIMT
was 0.67 mm (IQR 0.60 to 0.74), and while PLWH had
a slightly lower cIMT than HIV-uninfected participants
(PLWH: 0.65 mm [IQR 0.59 to 0.74]; HIV-uninfected:
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0.68 mm [IQR 0.62 to 0.74], p = 0.076), this difference did
not meet statistical significance. There was also no difference in the proportion of people with and without HIV
who had a cIMT above the 75th percentile.
In multivariable linear regression models adjusted for
age, sex, smoking history, HIV serostatus, and socioeconomic status, lower FEV1 was associated with increased
cIMT (β = 0.006 per 200 mL F
 EV1 decrease; 95% CI 0.002
to 0.011, p = 0.01; Table 3). In pre-specified sub-group
analyses (Additional file 1: Tables S3-S8, Figs. S1-S2),
there was little evidence of heterogeneity in the relationship between F
 EV1 and cIMT. Although the relationship
between FEV1 and cIMT was more pronounced among
older participants as compared to younger participants (age > 55 β = 0.019, 95% CI 0.008 to 0.030, p < 0.01;
age ≤ 55 β = 0.004, 95% CI − 0.001 to 0.010, p = 0.08),
the interaction was not statistically significant. There
was heterogeneity in the relationship between F
 EV1 and
cIMT between the different strata of socioeconomic status (p value for interaction = 0.03), however there was
substantial overlap in the point estimates and confidence intervals among the strata and no clear trend that
increasing or decreasing wealth modified the relationship. While the increase in cIMT per 200 mL decrease
in FEV1 appeared to be more pronounced among men as
compared to women (β = 0.007, 95% CI 0.001 to 0.013,
p = 0.02; β = 0.005, 95% CI − 0.004 to 0.014, p = 0.24,
respectively), those who had ever smoked as compared to
never smokers (β = 0.007; 95% CI 0.001 to 0.013, p = 0.02;
β = 0.006; 95% CI − 0.001 to 0.013, p = 0.11, respectively) and HIV uninfected individuals as compared to
those with HIV (β 0.009; 95% CI 0.001 to 0.016, p = 0.02;
β 0.005; 95% CI − 0.001 to 0.011, p = 0.1, respectively),
none of the interaction terms reached statistical significance (Additional file 1: Table S3).
In sensitivity analyses, the previously observed association between lung function and cIMT was no longer
statistically significant when lung function was defined
using FEV1/FVC rather than F
EV1 (Additional file 1:
Table S9). Including physical activity in the model did not
impact the observed relationship between lung function
and cIMT (Additional file 1: Table S10).

Discussion
In summary, we found that impaired lung function was
associated with increased cIMT—a measure of cardiovascular disease risk—in a cross-sectional analysis of data
from 265 people with and without HIV in southwestern
Uganda. There was no substantive evidence to suggest
modification of the relationship between FEV1 and cIMT
across age, sex, smoking history, socioeconomic status or
HIV serostatus.
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Table 1 Cohort characteristics
Total Cohort
(n = 265)

HIV+
(n = 140)

HIV−
(n = 125)

p value

Age, years

52 [49, 56]

52 [49, 55]

53 [49, 56]

0.807

Female sex

125 (47)

65 (46)

60 (48)

Subsistence farmer

175 (66)

74 (53)

102 (82)

Did not complete primary school

147 (55)

70 (50)

77 (62)

Completed primary school

90 (34)

52 (37)

38 (30)

Completed secondary school

28 (11)

18 (13)

10 (8)

Poorest (− 2.04)

65 (25)

28 (20)

37 (30)

Poor (− 1.18)

71 (27)

30 (21)

41 (33)

Less poor (0.23)

64 (24)

35 (25)

29 (23)

Least poor (2.60)

65 (25)

47 (34)

18 (14)

Never Smoker

134 (51)

79 (56)

55 (44)

Former Smoker

91 (34)

49 (35)

42 (34)

Current Smoker

40 (15)

12 (9)

28 (22)

Charcoal

37 (14)

35 (25)

2 (2)

Firewood

225 (85)

102 (73)

123 (98)

History of pneumonia or TB

40 (15)

33 (24)

7 (6)

Education

0.798
< 0.001
0.138

Asset index (median score per quartile)†

0.001

Smoking history

0.005

Cooking biomass exposure

< 0.001

< 0.001

Medical comorbidities††
COPD/Asthma

9 (3)

7 (5)

2 (2)

0.179

DM

14 (5)

6 (4)

8 (6)

0.584

HTN

52 (20)

20 (14)

32 (26)

0.021

HL

9 (3)

6 (4)

3 (2)

0.507

Stroke

8 (3)

5 (4)

3 (2)

0.726

MI/CHF

3 (1)

1 (1)

2 (2)

0.603

9,102
[5,733, 11,664]

7,866
[5238, 10,764]

9743
[6,927, 13,025]

Underweight (< 18.5)

32 (12)

9 (6)

23 (18)

Normal (18.5–24.9)

154 (58)

91 (65)

63 (50)

Overweight (25–29.9)

48 (18)

26 (19)

22 (18)

Obese (≥ 30)

31 (12)

14 (10)

17 (14)

Total activity per week (min)
Body mass index (kg/m3)

0.012

HIV Characteristics
HIV viral load (copies/μL)
  Undetectable

123 (93)

  Detectable, up to 10,000

7 (5)

  > 10,000

2 (2)

CD4 T-cell count (cells/mm3)
  ≥ 500

46 (46)

  350–499

37 (37)

  < 350

18 (18)

ART regimen
  AZT/3TC/NVP or EFV

108 (78)

  TDF/3TC/NVP or EFV

19 (14)

  TDF/3TC/LPV/r

11 (8)

  Tri

1 (1)

ART duration, years

< 0.001

9 [8, 10]
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Table 1 (continued)
(n) % and median [IQR] unless otherwise indicated
Abbreviations: HIV, human immunodeficiency virus; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; HTN, hypertension; HL, hyperlipidemia;
MI, myocardial infarction; CHF, congestive heart failure; ART, antiretroviral therapy; AZT, zidovudine; NVP, nevirapine; TDF, tenofovir; LPV/r, lopinavir/ritonavir; 3TC,
Lamivudine; EFV, Efavirenz; Tri, Triumeq
†

Asset index total cohort adds up to 101% due to rounding

††

Medical comorbidities were self-reported

Table 2 Description of lung function and cardiovascular disease across cohort
Disease measure

Total cohort
(n = 265)

HIV+
(n = 140)

HIV−
(n = 125)

p value*

FEV1 (L)

2.47 (2.07, 2.95)

2.40 (2.08, 2.95)

2.52 (2.04, 2.95)

0.853

FVC (L)

3.14 (2.66, 3.70)

3.09 (2.67, 3.76)

3.24 (2.66, 3.68)

0.936

FEV1/FVC

0.80 (0.76, 0.83)

0.8 (0.75, 0.83)

0.8 (0.77, 0.83)

0.671

COPD (FEV1/FVC < 0.7)

17 (6%)

13 (9%)

4 (3%)

0.044

cIMT (mm)

0.67 (0.6, 0.74)

0.65 (0.59, 0.74)

0.68 (0.62, 0.74)

0.076

cIMT ≥ 75th percentile

67 (25%)

35 (25%)

32 (26%)

0.911

N (%) or median (IQR) unless otherwise indicated
Abbreviations: cIMT, carotid intima media thickness; UGANDAC, Uganda non-communicable diseases and aging cohort; HIV, Human immunodeficiency virus; FEV1,
forced expiratory volume in one second; FVC, forced vital capacity in one second; L, liters; mm, millimeters; COPD, chronic obstructive pulmonary disease
*

Derived from chi2, Fisher’s exact, or Mann–Whitney U (rank sum) statistical tests

Table 3 Correlates of increased cIMT in the UGANDAC cohort (n = 265)
Characteristic

Unadjusted

β (95% CI)

Adjusted

p value

β (95% CI)

p value

0.028 (0.021, 0.036)

< 0.001

Age (per 5-year increase)

0.031 (0.023, 0.039)

< 0.001

Female sex

0.031 (0.007, 0.054)

0.010

0.012 (− 0.015, 0.039)

0.381

Ever smokers

− 0.003 (− 0.027, 0.020)

0.794

0.004 (− 0.018, 0.026)

0.721

Asset Index
Poorest

Reference

Poor

0.015 (− 0.012, 0.041)

0.275

0.037 (0.008, 0.065)

0.012

Less poor

− 0.000 (− 0.028, 0.027)

0.978

0.034 (0.005, 0.064)

0.023

Least poor
HIV positive
FEV1 (per 200 mL decrease)

0.024 (− 0.003, 0.051)

0.087

0.050 (0.020, 0.081)

0.001

− 0.018 (− 0.041, 0.006)

0.142

− 0.021 (− 0.042, − 0.000)

0.050

0.010 (0.006, 0.014)

< 0.001

0.006 (0.002, 0.011)

0.007

cIMT, carotid intima media thickness; UGANDAC, Uganda non-communicable diseases and aging cohort; HIV, Human immunodeficiency virus; F EV1, forced expiratory
volume in one second; mL, milliliters
Reference categories for categorical variables: Sex—male; Ever smokers—lifelong never smokers; Asset index—poorest quartile; HIV Serostatus—HIV negative
Age and FEV1 were scaled as reported in the table and centered on median value of the cohort

The COPD prevalence in this Ugandan cohort is similar to previously-published COPD prevalence estimates
in Uganda that range from 1.5% to 6.1% [50, 51], and
to the estimated 6.2% COPD prevalence in the United
States [52], but much lower than the estimated 12%
COPD prevalence among European populations [53,
54]. Our work expands upon the published literature by
suggesting that the relationship between lung dysfunction and cardiovascular disease in high-incomes settings

[3, 55] is also present in a sub-Saharan African population. Demonstrating this relationship in southwestern
Uganda highlights the need for future research that seeks
to identify risk-factors for co-occurring cardiopulmonary disease in the region and develop scalable strategies
for preventing and treating multimorbidity [56]. This is
particularly important in sub-Saharan Africa where the
etiology of chronic lung and cardiovascular disease may
differ from high-income settings, as the rates of smoking
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are lower, exposure to air pollution is higher, and there is
a greater burden of HIV and other infections.
We found that a lung function decrement of 200 mL
was associated with 0.006 mm greater cIMT. A recent
meta-analysis of 119 randomized clinical trials involving
a total of 100,667 participants found that an increase in
cIMT by little as 0.01 mm per year over an average follow
up time of 3.7 years led to a clinically significant change
(relative risk of 0.91) in the risk of myocardial infarction,
stroke, revascularization or fatal cardiovascular event
[42]. This suggests that the results of our work highlight
a clinically significant relationship that may guide clinicians in identifying comorbid lung and cardiovascular
disease. The lack of a relationship between F
 EV1/FVC
and cIMT could have two potential sources. The seminal papers on the development of COPD among smokers
highlights that FEV1 decline precedes the development
of obstructive lung disease per se [57], suggesting that
FEV1 is a more sensitive marker of early lung dysfunction. Alternatively, FEV1 decline in the absence of FEV1/
FVC decline suggests that the underlying lung dysfunction results from restrictive rather than obstructive lung
disease. We do not have lung volume measurements in
this cohort and so cannot formally evaluate the relationship between decrements in total lung capacity (the lung
function parameter required for diagnosis of restrictive
lung disease) and cIMT.
Our exploratory subgroup analyses identified potential variations in the relationship between F
EV1 and
cIMT. Contrary to data from high income settings [58],
there was no clear trend that low socioeconomic status was associated with the largest increase in preclinical atherosclerosis for a given decrement in lung
function. Prior work from Garin et al., showed that the
way in which socioeconomic status influenced the odds
of multimorbidity differed in high-income as compared
to low-income countries [58]. Among participants
from high-income countries, the odds of multimorbidity were higher among those with lower socioeconomic
status. However, in low-income countries, the odds of
multimorbidity were higher among those with higher
socioeconomic status. While much work has focused on
relationships between wealth-related factors and noncommunicable diseases like diabetes and cardiovascular
disease, few have focused on pulmonary disease [59].
Multimorbidity risk factors like diet, activity, and smoking behaviors vary across socioeconomic strata, but also
vary by country. For example, behaviors such as smoking and unhealthy dietary choices are more prevalent
among lower socioeconomic strata within higher-income
countries, while smoking and unhealthy dietary choices
are more prevalent among higher socioeconomic strata
in lower-income countries [60, 61]. Exposure to air
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pollutants also varies based on socioeconomic status in
ways that are not uniform across regions and countries
[62]. These differences in risk factor epidemiology and
the ways in which they may influence concomitant cardiopulmonary disease risk in sub-Saharan Africa warrant
further investigation.
The association between lung function and pre-clinical
atherosclerosis was more than four times stronger among
participants at least 55 years of age as compared to participants 55 years of age and younger, though there was
no evidence of effect measure modification and there was
significant overlap in 95% confidence intervals for the
effect estimates between both age groups. However the
observed trend is similar to those described in a multinational, population-based study of multimorbidity [58].
Among nearly 42,000 individuals of at least 50 years of
age from nine countries, multimorbidity (defined as two
or more chronic conditions) was also more likely among
older individuals as compared to younger individuals.
COPD and cardiovascular disease share several risk factors associated with persistent systemic inflammation
[9–11], including smoking, air pollution, and infection.
It is possible that as the body and immune system ages,
chronic inflammation may lead to more cardiopulmonary damage [63, 64] and the stronger observed relationship between impaired lung function and cardiovascular
disease in this cohort.
Interestingly, we found that the association between
lung function and pre-clinical cardiovascular disease was
similar among men and women, despite reported differences in indoor air pollution exposure among women
due to gender-based cooking roles in the region [65–67].
This may suggest that, while women may have higher risk
of lung dysfunction related to biomass exposure, that
the associated risk of pre-clinical atherosclerosis among
those with impaired lung function may not differ based
on sex. Our ongoing work in this cohort to quantify air
pollution exposure and follow indices of lung and cardiovascular disease over time will hopefully shed light on
these complex relationships between air pollution, sex,
and cardiopulmonary disease.
We found no evidence that HIV serostatus modified
the relationship between impaired lung function and
pre-clinical atherosclerosis. In fact, in models stratified by HIV serostatus, the increase in cIMT per 200 mL
decrease in F
 EV1 was nearly twice as large among HIV
uninfected participants as compared to PLWH, though
the 95% confidence intervals for the effect estimates
in both PLWH and HIV-uninfected comparators were
largely overlapping. Though we may have been underpowered to detect effect modification by HIV serostatus, these data suggest that treated HIV infection may
not be an independent risk factor for concomitant lung
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and cardiovascular disease. It is plausible that this finding may be explained by survivor bias, as participants in
this cross-sectional cohort had to have lived to at least
40 years of age to be eligible for study participation.
While both PLWH and HIV uninfected comparators
would have to be healthy enough to live to 40 years of
age, PLWH globally have a shorter life expectancy [29],
so those living into adulthood may have been disproportionately the healthiest sub-population of PLWH [68]. To
definitively characterize the influence of HIV serostatus
on the risk of concurrent cardiopulmonary disease, we
are following this population of adults with and without
HIV through adulthood to compare differences in lung
and cardiovascular disease prevalence over time.
Globally, smoking is the leading cause of both lung
and cardiovascular disease [69]. However, in our analysis, the relationship between FEV1 and cIMT persisted
despite controlling for smoking, which suggests that
non-tobacco shared risk factors might contribute to both
cardiovascular and pulmonary disease in the region. The
African continent is home to some of the highest ambient
air pollution concentrations in the world, driven largely
by rapid urbanization, incomplete vehicle and industry
emissions regulations, and the use of biomass fuels [70,
71]. Particulate matter causes both alveolar and systemic
inflammation [72–75] that is associated with increased
risk of both cardiovascular disease and acute coronary
events [11, 76–80]. Using ambulatory air quality monitors, our group has demonstrated that personal air pollution exposure in southwestern Uganda is higher than
international air quality standards and associated with
respiratory morbidity [81]. Our ongoing work—which
includes longitudinal measures of air pollution exposure,
lung function, alveolar inflammation, and cardiovascular
health—is designed to explore the causality and clinical
implications of these complex relationships. As global
smoking prevalence continues to decline [12, 14] and
rapid industrialization and urbanization continue [82],
air pollution is poised to replace tobacco as a leading
global cause of cardiopulmonary disease, so understanding these multifaceted relationships is crucial to improve
health outcomes.
The main strength of this analysis is that it is based
within a well-designed cohort study of people with and
without HIV that leverages carefully collected biologic
measures of lung function and cardiovascular disease
rather than relying upon self-reported metrics [83].
There are also several limitations. As a cross-sectional
study, we can make no inferences as to the causality of
the demonstrated relationships between lung function
and pre-clinical atherosclerosis. Additionally, tobacco
use—an important driver of both lung and cardiovascular disease—was categorized via self-report and therefore
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subject to misclassification bias. Moreover, nearly all
PLWH had evidence of immune reconstitution, so the
relationships demonstrated in this analysis may not be
reflective of people with undiagnosed or untreated HIV.
However, advances in antiretroviral therapy access and
initiation have led to better viral control and longer life
expectancy [29], so the population of PLWH exhibiting
viral control is the population for whom the relationships between co-occurring chronic diseases is crucial to
understand. Furthermore, air pollution is an important
regional exposure and was classified through self-report
rather than air quality measurements, so we could not
quantify differences in exposure magnitude. However, the
ubiquitous self-report of biomass exposure is consistent
with the body of literature on biomass exposure in subSaharan Africa [70], and thus our self-reported data are
likely to grossly reflect objective exposure metrics. Dietary patterns have been associated with the development
of lung and cardiovascular disease and could thus be the
source of residual confounding in our models. Additionally, our small sample size limits our power to definitively
characterize the potential effect modification by HIV
serostatus and other risk factors, though our stratified
analyses provide important hypothesis-generating findings that will inform future longitudinal studies of larger
study populations. We characterize socioeconomic status
using quartiles of asset ownership index among the study
population—a common practice in resource-limited settings, but one that may limit the ability to compare our
findings related to socioeconomic status to other published literature. Finally, as is true for all observational
cohort studies, our results may be susceptible to unmeasured and residual confounding. Despite these limitations,
our findings are generalizable to adults with and without
HIV who are living in similar rural and semi-urban settings in Uganda and East Africa.

Conclusions
In conclusion, our work corroborates the presence of
concomitant cardiovascular disease among the estimated 26 million people living with chronic lung disease
in sub-Saharan Africa. Characterizing the prevalence
and shared risk factors of co-occurring chronic diseases
in sub-Saharan Africa—where most of the upcoming
population growth is projected to occur [84]—is crucial to expand our understanding of the epidemiology
of non-communicable disease among at-risk populations. Further work is necessary to characterize how concomitant non-communicable diseases influence health
outcomes in sub-Saharan Africa, and how to effectively leverage the existing long-term care infrastructure—established largely through decades of concerted
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international cooperation to combat the HIV epidemic
[85]—to improve prevention, detection and management
of chronic non-communicable disease in the most costeffective manner.
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