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ABSTRACT

Background: Africa has a disproportionate burden of HIV-related cardiovascular
disease. We aimed to describe physical activity in people living with HIV (PLHIV) and
people without HIV (PWOH) in Uganda and characterize its relationship with the
presence of computed tomography angiography-detected (CCTA) coronary artery
disease (CAD).

Methods: We performed a cross-sectional analysis of the Ugandan Study of HIV Effects
on the Myocardium and Atherosclerosis using Computed Tomography (mUTIMA-
CT) cohort. From 2017-2019, physical activity in PLHIV and PWOH was assessed by
accelerometry over seven days. Participants additionally underwent CCTA. Univariable
and multivariable modified Poisson regression was used to analyze the relationship
between physical activity and CAD presence.

Results: 168 participants were analyzed. The median (IQR) age was 57 (53-58) years
old and 64% were female. Males had more moderate-to-vigorous physical activity per
week [68 minutes (12-144) vs. 15 minutes (0-50), P < 0.001] and less light physical
activity [788 minutes (497-1,202) vs. [1,059 (730-1490), P = 0.001] compared to
females, but there was no difference by HIV status. After adjusting for age, which
accounted for 10% of the variation in steps taken, and sex, no significant associations
were found between physical activity and coronary plaque.

Conclusion: Objectively measured physical activity was low compared to guideline
recommendations, with males being somewhat more active than females and
without significant differences by HIV status. Physical activity was not associated with
the presence of CAD independently of age and sex.
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CLINICAL PERSPECTIVE
WHAT IS NEW?

* For the first time, we describe objective physical activity patterns in people living with HIV
(PLHIV) and people without HIV (PWOH) in the Ugandan context. Overall, few people met
guideline recommendations for physical activity. Males had more moderate-to-vigorous
physical activity and were more likely to meet guideline recommendations compared to
females, without significant difference by HIV status.

» In contrast, females had more light physical activity compared to males. Although light
physical activity appeared to have a stronger inverse relationship with coronary artery
disease (CAD) in PLHIV compared to PWOH in stratified models, the relationship was
significantly confounded by age and sex.

WHAT ARE THE CLINICAL IMPLICATIONS?

* Further studies are needed to further investigate the relationship between physical activity
and CAD in Africa—including any modifying influence of sex or HIV status. In the meantime,
our study suggests there is significant room to enhance physical activity in Uganda.

* Age informs the relationship between physical activity and CAD, and our study suggests
efforts to emphasize exercise as the population ages may play a role in reducing CAD
burden.

INTRODUCTION

Africa is disproportionately impacted by HIV and HIV-related cardiovascular disease (CVD).
Mirroring outcomes in higher-resourced countries, increased life-expectancy due to more widely
available antiretroviral therapy (ART) has led to higher rates of age-related comorbidities, such
as CVD, non-Autoimmune Deficiency Syndrome (AIDS) malignancies and liver disease (1). Over
the past two decades, the global burden of HIV-associated CVD has tripled and accounts for
2.6 million disability-adjusted life-years per year, with the highest impact in Africa and the Asia-
Pacific areas (2). Key risk factors for CVD in people living with HIV (PLHIV) include hypertension,
diabetes mellitus, dyslipidemia, inflammation, low nadir CD4+ count, and smoking (3-6).

Physical activity is a key preventive factor for CVD. Physical activity and exercise training
interventions improve cardiovascular health, decrease CVD risk, and mitigate morbidity and
mortality in those with CVD (6). For instance, eight weeks of moderate intensity exercise resulted
in improved aerobic fitness, reduced blood pressure and increased CD4 cells for PLHIV in Nigeria
(7). Despite the proven benefits, the majority of PLHIV in Africa do not seem to engage in
regular physical activity (8). However, most prior research has relied on self-reported measures
of physical activity, which has been shown to overestimate physical activity compared to gold-
standard objective measures of physical activity, such as accelerometry (9).

Atherosclerotic cardiovascular disease (ASCVD) risk can be assessed using risk prediction
scores or objective measures of subclinical disease; however, risk prediction scores may not
strongly correlate with subclinical disease in Africa. For example, research conducted in Uganda
and Botswana demonstrated only modest correlations between pre-clinical atherosclerosis
measures and the pooled cohort equation’s ASCVD risk score (3). More research is needed to
address non-traditional risk factors unique to this region, including infectious and environmental
factors such as latent tuberculosis and air pollution (3). In the meantime, enhancing physical
activity and fitness is a low-cost approach to ASCVD risk reduction in Africa.

Our study was designed to compare objective measures of physical activity among PLHIV and
a similar population of people without HIV (PWOH), which has not previously been described
in Uganda. Secondly, we aimed to evaluate the relationship between physical activity metrics
and ASCVD risk, coronary artery disease (CAD) presence by coronary computed tomography
angiography (CCTA), and severity of CAD by coronary CTA. Lastly, we sought to assess whether
HIV status and/or sex modify the relationship between physical activity and CAD.
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METHODS
PARTICIPANT SELECTION

The Ugandan sTudy of HIV effects on the Myocardium and Atherosclerosis using Computed
Tomography (mUTIMA-CT), conducted in Kampala, Uganda, is an ongoing prospective cohort
investigation examining the impact of HIV on the myocardium and atherosclerosis. PLHIV were
age- (within 3 years) and sex-matched in a 1:1 ratio with PWOH controls. PLHIV were recruited
from the Joint Clinical Research Centre (JCRC) in Lubowa, Uganda, which is near Kampala.
PWOH were recruited from community or hospital-based internal medicine clinics in Kampala.
To be eligible for inclusion, PLHIV must have been on ART for more than six months without
any changes in regimen within 12 weeks prior to enrollment. All participants, regardless of HIV
status, were > 45 years old and had at least one of the following cardiovascular disease (CVD)
risk factors: hypertension, low high-density lipoprotein cholesterol (<40 mg/dL for men or <50
mg/dL for women), diabetes mellitus, smoking, or a family history of early CAD. Exclusion criteria
were a history of known CVD, peripheral artery disease, ischemic stroke, uncontrolled known
chronic autoimmune conditions, pregnancy, use of chemotherapy or immunomodulating
agents, or an estimated glomerular filtration rate (eGFR) less than 30 ml/minute.

Previous publications have detailed the primary findings and methods of the mUTIMA-CT
cohort (10-13). In this manuscript, we present a cross-sectional analysis of data collected at
the “Year 2” examination conducted from 2017-2019. For the Year 2 exam, new participants
were recruited to replace anyone lost-to-follow-up from the original cohort, so that age- and
sex-matching of the 200-participant cohort could be maintained for all cross-sectional analyses
of Year 2 data. The Year 2 examination consisted of two study visits separated by seven days,
during which physical activity metrics were collected via accelerometry. This current study is a
cross-sectional analysis of those data among participants with accelerometry data duration of
at least ten hours per day on at least four days (14, 15), which is described as valid wear time.

The study protocol was approved by the University Hospitals Cleveland Medical Center
Institutional Review Board, the JCRC Research Ethics Committee, and the Uganda National
Council for Science and Technology, with all participants providing written informed consent
prior to any study procedures.

PHYSICAL ACTIVITY

Self-reported measures of physical activity were assessed using the International Physical
Activity Questionnaire - Short Form (IPAQ-SF). This was developed as a tool for international
monitoring of physical activity and sedentary time (16). The IPAQ-SF contains a series of seven
questions, requiring participant recall of light, moderate, and vigorous physical activity time,
as well as sedentary time over the preceding seven days. The amount of light, moderate, and
vigorous physical activity per day was multiplied by the number of days performing those
activities to get the amount of activity per week. The amount of time spent sitting per day was
multiplied by seven to obtain the amount of sedentary time per week.

Objective measures of physical activity were assessed by accelerometry. Participants were
instructed to wear an Actigraph®wGT3X+-BT monitor (Actigraph, LLC, Pensacola, FL) for seven
days on their non-dominant hip. Physical activity metrics of interest were steps per day, light
physical activity time per week, moderate-to-vigorous physical activity time per week, and
sedentary time per week. The number of steps per day was derived by dividing the number
of total steps recorded by the number of valid wear days. Other physical activity metrics were
derived by dividing the amount of activity time by the number of valid days and multiplying
by seven. Data was sampled at 30 Hz, using 60-second epochs and the normal filter. Bouted
physical activity was used to measure physical activity accumulation over ten minutes or
more. Different intensities of physical activity were defined by adult cut-points for tri-axial
accelerometers (17). In this validation, moderate-to-vigorous activity was defined as achieving
at least three metabolic equivalents and was predicted by achieving at least 2,960 triaxial
counts per minute. Valid wear time was determined by data recorded for at least ten hours per
day for at least four days. Accelerometry data was analyzed using Actilife software.
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ATHEROSCLEROTIC CARDIOVASCULAR DISEASE RISK

10-year ASCVD risk was quantified using the pooled-cohort equation (18). The following
variables were utilized: age, sex, and smoking status were obtained by self-report; diabetes
was defined as a chart confirmed diagnosis or on medication for diabetes; hypertension
treatment was defined as receiving medication to lower blood pressure. Systolic and diastolic
blood pressure were obtained at the initial visit by trained study staff. Total cholesterol, high
density lipoprotein, and calculated low-density lipoprotein concentrations were measured by
the JCRC clinical lab from fasting blood drawn at the initial visit. Notably, we chose to use the
“other race” term, since the African American term has not been validated in the East African
population. Further, the nature of atherosclerotic cardiovascular disease risk may be different
in the East African population compared to the population from which the pooled-cohort
equation was derived (10). Elevated ASCVD risk was defined as 10-year ASCVD risk 25%, which
is the threshold to consider use of statin therapy to reduce ASCVD risk (18).

CORONARY ARTERY DISEASE

At visit 2, all participants underwent coronary computed tomography angiography (CCTA) on a
128-slice Siemens Somatom scanner at Nsambya St. Francis Hospital in Kampala. Participants
were ineligible to have intravenous contrast for CCTA if their estimated GFR was not greater
than 60 mL/min/1.73 m?2. Data acquisition was additionally limited for some participants by
other technical reasons (e.g., inability to adequately lower the heart rate with betablockers)
(Figure 1). The acquisition and image analysis protocols were developed in alignment with the
Society of Cardiovascular Computed Tomography Guidelines (19). Participants were given 100
mg of oral metoprolol two hours prior to the scan. They were additionally given another 50 mg
dose 30 minutes prior to the scan if the heart rate was elevated above 60 beats per minute.

Year 2 Cohort
N=200 (50% PLHIV)

| Valid wear time criteria not met

IN=32
Participants with valid
wear time (at least 10
hours on at least 4 days) Missing CTA (N=29)
N=168 (48% PLH'V) * eGFR<60 (N:7)

* Other technical reason
(e.g., tachycardia; N=12)
| * Images not available
for research read (N=4)
v * Poor quality (N=5)
CTA available for analysis « Cardiac CT not performed (N=1)
N=139 (46% PLHIV)

The CT scans were first read by a local radiologist for clinically significant findings and were
subsequently read offline in batch by a single expert reader (MSB) for research. Scans that were
of poor technical quality were excluded from analysis. Segment involvement score (SIS) was
defined as the total number of disease segments. Segment severity score (SSS) was calculated
using a luminal obstruction weight for that segment (x1 if <25% obstruction, x2 if 25-50%, x3
if 50-70%, x4 if 70-99% and x5 if totally occluded), giving a maximum possible SSS of 90 for
an 18-segment model. The presence of CAD was defined as SIS > 0 and more severe CAD was
defined as an SSS greater than the median among those with CAD.

STATISTICAL ANALYSIS

Demographic and clinical characteristics were described by frequency (percent) for categorical
variables and median (interquartile range) for continuous variables, stratified by HIV status and
sex. Physical activity measures were described in a similar manner. Spearman’s correlation
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Figure 1 Derivation of the
study population from the
mMUTIMA-CT cohort. Definitions:
PLHIV, people living with HIV;
CTA, computed tomography
angiography; eGFR, estimated
glomerular filtration rate.



coefficient was used to evaluate the relationship between self-reported and gold-standard
objective measures of physical activity. Bland-Altman plots were used to assess the degree
of agreement between the two measures of physical activity. The objective measures were
subtracted from the self-reported measures to obtain measurement differences, and the limits
of agreement were defined as the mean difference £1.96 times the standard deviation of the
differences. Spearman’s correlation was additionally used to assess the relationship between
age and objective measures of physical activity. Additionally, the Wilcoxon rank-sum test was
used to compare physical activity metrics in their continuous version across binary subgroups
of HIV status and sex. Chi-square tests were used to compare the proportion of those achieving
at least 150 minutes of moderate-to-vigorous exercise per week and those achieving at least
ten thousand steps per day by HIV status and sex.

Unadjusted and adjusted Poisson regression models with robust standard errors were used to
estimate prevalence ratios to analyze the relationship between binary measures of physical
activity, by median cut points, with elevated ASCVD risk, presence of CAD among those with
available CTA data, and presence of more severe CAD among those with CAD. Binary measures
of physical activity were used to meet the linearity assumption of log transformation of the
outcomes of interest with their physical activity predictors. Median cut points were used to
allow for sufficient sample size on both sides of the selected cut points. Covariates-age and
sex-were chosen a priori to build the adjustment models. HIV status and sex interaction terms,
along with likelihood ratio tests, were used individually to assess for effect modification in the
relationship between binary objective physical activity metrics and the presence of CAD. A
schematic of the data analysis approach may be found in Supplementary Figure 1.

R version 4.3.1 was used for analysis: P < 0.05 was considered statistically significant.

RESULTS
STUDY COHORT

The cohort began with 200 participants (Figure 1). The overall cohort for this analysis included
168 participants with valid accelerometry wear time, 48% of whom were PLHIV. 139 participants
among those with valid accelerometry wear time had coronary angiography available for
analysis (46% PLHIV). The most common reasons for missing coronary angiography were
tachycardia and low eGFR.

BASELINE CHARACTERISTICS OF STUDY PARTICIPANTS

The median (IQR) age of the overall cohort was 57 (53, 62) years old and 64% were female
(Table 1). The median age was similar across HIV status and sex. 84% of PLHIV had viral load
suppression, and males were more likely to have HIV viral load suppression than females
(94% vs. 77%). Overall, smoking rates were low (2.4%) and no females reported smoking. The
median systolic blood pressure was higher in males than in females [155 mmHg (139-171) vs.
146 (131-162)]. Males had higher ASCVD 10-year risk than females [13% (8-24) vs. 6% (3-10)].
Males had lower body mass index than females [25 (23-28) vs. 31 (27-34)].

PLHIV HIV (+) PWOH HIV (-)
MALE FEMALE MALE FEMALE
N =32 N =48 N =29 N =159
Age in years, median (IQR) 55.00 (51.50, 56.50 (53.00, 60.00 (51.00, 58.00 (55.00,
62.25) 62.00) 62.00) 63.50)
Diabetes, (%) 9 (28.1) 14 (29.2) 17 (58.6) 22 (37.3)
Hypertension, (%) 26 (81.2) 43 (89.6) 23(79.3) 56 (94.9)
Smoking status, (%)
Smoke every day 1(3.1) 0(0.0) 1(3.4) 0 (0.0)
Smoke, not every day 2(6.2) 0 (0.0) 0 (0.0) 0(0.0)
No smoking 29 (90.6) 48 (100.0) 28 (96.6) 59 (100.0)
Alcohol use frequency, (%)
Never 20 (62.5) 41 (89.1) 17 (60.7) 44 (78.6)

(Contd.)
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Table 1 Baseline demographic
and clinical characteristics,
stratified by HIV status and sex.

Definitions: IQR, interquartile
range; ART, antiretroviral
therapy; ASCVD, atherosclerotic
cardiovascular disease risk.



PLHIV HIV (+) PWOH HIV (-)
MALE FEMALE MALE FEMALE
N =32 N =48 N =29 N =59
Monthly or less 9(28.1) 3(6.5) 3(10.7) 8 (14.3)
2-4 times per month 0(0.0) 1(2.2) 5(17.9) 2 (3.6)
2-3 times per week 2(6.2) 0(0.0) 3(10.7) 0(0.0)
4 or more times per week 1(3.1) 1(2.2) 0 (0.0) 2 (3.6)
Alcohol drinks per use, (%)
lor2 8 (66.7) 4 (66.7) 5 (45.5) 11 (84.6)
3or4 4(33.3) 1(16.7) 5 (45.5) 2 (15.4)
50r6 0(0.0) 1(16.7) 1(9.1) 0(0.0)

Systolic blood pressure, median
(IQR)

153 (142,171)

146 (128, 161)

155 (132,171)

144 (132, 163)

ASCVD 10-year risk score,
median (IQR)

11[7,21)

5(3,8)

17 (11, 24.83)

6(3,12)

Total cholesterol, median (IQR)

201 (1651, 235)

214 (182, 242)

194 ([167, 218)

195 (180, 233)

Body mass index, median (IQR) 241(22,27) 28 (25, 33) 28 (24, 31) 33 (30, 34)
Waist hip ratio, median (IQR) 0.93(0.91,0.98) 0.88(0.83,0.92) 0.94(0.88,0.97) 0.86(0.81,0.91)
Years with HIV, median (IQR) 14.02 (12.26, 13.97 (11.97, - -
15.92) 4.54)
Years with ART, median (IQR) 12.74 (10.73, 12.41 (9.80, - -
14.71) 14.00
HIV viral load suppressed, (%) 30(93.8) 37(77.1) - -
Viral load if not suppressed, %
21-500 1(3.1) 9(18.8) - -
501-1,000 0(0.0) 0 (0.0 - -
>1,000 1(3.1) 2(4.2) - -

RELATIONSHIP BETWEEN SELF-REPORTED AND OBJECTIVE MEASURES OF
PHYSICAL ACTIVITY

There was no statistically significant correlation between self-reported measures of physical
activity and objective gold-standard measures of physical activity (p = 0.06, P = 0.529 for
sedentary time; p =-0.04, P=0.703 for light activity time; p =-0.16, P=0.172 for moderate-to-
vigorous activity time; Supplementary Figure 2). Additionally, participants overestimated their
moderate-to-vigorous activity and underestimated their light activity. Objective measures of
physical activity were used for the remainder of the analysis.

OBJECTIVE PHYSICAL ACTIVITY OUTCOMES OF STUDY PARTICIPANTS

The median (IQR) accelerometry valid wear days for the total cohort was 6 (6-7) days during
the 7 days in which objective measures of physical activity were collected. The median step
counts per day was higher for males than for females [6,534 steps (5,073-9,178) vs. 5,382
steps (3,808-7,316), P = 0.005], and males were more likely to achieve at least 10,000 steps
per day than females (16% vs. 5%, P=0.023) (Table 2). Males had more moderate-to-vigorous
physical activity per week [68 minutes (12-144) vs. 15 minutes (0-50), P < 0.001] than females
and a greater proportion of men achieved at least 150 minutes of moderate-to-vigorous
physical activity per week than females (21% vs. 5%, P = 0.002). Males had less light physical
activity per week [788 minutes (497-1,202) vs. [1,059 (730-1490), P = 0.001] than females.
There was no significant difference in objective physical activity outcomes when comparing
PLHIV and POWH.

There was a statistically significant positive correlation between age and sedentary time
(Spearman’s correlation coefficient, p = 0.22, P = 0.004) and a statistically significant negative
correlation between age and moderate-to-vigorous physical activity (p =-0.25, P=0.001), and
steps per day (p =-0.31, P<0.001) (Supplementary Figure 3). The negative correlation between
age and light physical activity was not statistically significant (p=-0.12, P=0.113).
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(A). STRATIFIED BY HIV STATUS

PLHIV, n = 80 PWOH, n = 88 P-VALUE
6.00 (6.00, 7.00) 6.00 (5.75, 7.00) 0.993

5,859.05 (4,308.05, 5,814.08 (4,027.48, 0.574

Valid wear days, median (IQR)

Total step counts per day, median (IQR)

7,735.14) 7,556.35)
Light activity time per week in minutes, median 949.08 (666.87, 934.00 (649.03, 0.881
(IQR) 1,369.08) 1,342.00)

Moderate-to-vigorous activity time per week in 18.38 (0.00,95.88) 35.50(0.00, 74.31)  0.889

minutes, median (IQR)

Sedentary time per week in minutes, median (IQR) 1,234.50 (951.56, 1,301.00 (883.31, 0.906

1,806.58) 1,959.13)
Achieved 150 minutes moderate-to-vigorous activity 11 (13.8) 7 (8.0) 0.335
or more per week, (%)
Achieved 10 thousand steps or more per day, %) 9(11.2) 6 (6.8) 0.462
(B). STRATIFIED BY SEX
MALE, n =61 FEMALE, n =107  P-VALUE

6.00 (6.00, 7.00) 6.00 (6.00, 7.00) 0.757
6,534.00 (5,073.00, 5,382.33(3,807.58, 0.005

Valid wear days, median (IQR)

Total step counts per day, median (IQR)

9,177.50) 7,316.42)
Light activity time per week in minutes, median 788.00 (497.00, 1,059.00 (730.40, 0.001
(IQR) 1,201.67) 1,490.42)
Moderate-to-vigorous activity time per week in 68.00 (11.67, 15.17 (0.00, 49.50)  <0.001
minutes, median (IQR) 143.50)
Sedentary time per week in minutes, median (IQR) 1,320.67 (1,079.17, 1,203.00 (873.25, 0.303
1,850.33) 1,916.83)
Achieved 150 minutes moderate-to-vigorous activity 13 (21.3) 5 (4.7) 0.002
or more per week, (%)
Achieved 10 thousand steps or more per day, %) 10 (16.4) 5(4.7) 0.023

ASSOCIATION OF OBJECTIVE PHYSICAL ACTIVITY OUTCOMES AND RISK OF
ATHEROSCLEROTIC CARDIOVASCULAR DISEASE AND CORONARY ARTERY
DISEASE

Prior to adjusting for age and sex, participants who achieved at least 15.7 hours of light physical
activity per week (the median in the total cohort) had non-statistically significant 19% lower
prevalence of elevated ASCVD risk compared to those who had less than 15.7 hours of light
physical activity per week (unadjusted prevalence ratio (PR) 0.807, 95% CI 0.649-1.002,
P =0.053) (Table 3). This association was weakened after adjustment for age and sex. Prior to
adjustment, there was a general non-statistically significant association of decreased risk of
elevated ASCVD risk with more physical activity and increased risk of elevated ASCVD risk with
more sedentary time for the overall cohort.

Opara et al. 7
Global Heart
DOI: 10.5334/gh.1398

Table 2 Objectively measured
physical activity stratified by
(a) HIV status and (b) sex.

Definitions: IQR, interquartile
range; PLHIV, people living
with HIV; PWOH, people
without HIV.

Table 3 Unadjusted and
adjusted associations of
objective physical activity
metrics with ASCVD 10-year
risk > 5%, n = 168.
Definitions: ASCVD,
atherosclerotic cardiovascular
disease risk; PR, prevalence
ratio; CI, confidence interval.
Adjusted for age and sex.

UNADJUSTED ADJUSTED

PR (95% CI) P-VALUE P-VALUE
Total step counts per day > 5.9 thousand 0.954 (0.770-1.181) 0.663 1.042 (0.850-1.277) 0.694
Light activity time per week > 15.7 hours 0.807 (0.649-1.002) 0.053 0.991 (0.821-1.195) 0.922
Moderate-to-vigorous activity time per week > 0.4 hours 0.909 (0.734-1.126) 0.383 0.934 (0.770-1.134) 0.491
Sedentary time per week > 21 hours 1.049 (.847-1.299) 0.663 0.864 (0.714-1.045) 0.131

For the total cohort, no statistically significant association was found between physical activity
metrics and presence of CCTA-detected CAD prior to and after adjustment (Table 4). Prior to
adjustment, there was a general non-statistically significant trend of lower risk of CTA-detected
CAD with more physical activity and greater risk of CAD with greater sedentary time for the
overall cohort.



(A) PARTICIPANTS WITH AVAILABLE CTA, n = 139

UNADJUSTED ADJUSTED

PR (95% CI) P-VALUE PR P-VALUE P,
Total step counts per day 2> 5.9 thousand 0.904 (0.467-1.752) 0.765 1.699 (0.854-3.381) 0.131 -
Light activity time per week 2 15.7 hours 0.878 (0.453-1.702) 0.701 1.459 (0.691-3.079) 0.322 -
Moderate-to-vigorous activity time per week > 0.4 hours 0.678 (0.347-1.326) 0.256 0.957 (0.534-1.717) 0.883 -
Sedentary time per week > 21 hours 1.240 (0.638-2.409) 0.526 0.715 (0.364-1.406) 0.331 -
(B) STRATIFICATION BY HIV STATUS, UNADJUSTED

PLWH, n = 64 PWOH, n =75

PR (95% CI) P-VALUE PR (95% CI) P-VALUE P,
Total step counts per day > 5.9 thousand 0.778 (0.213-2.839) 0.704 1.027 (0.485-2.176) 0.945 0.162
Light activity time per week > 15.7 hours 0.259 (0.057-1.188) 0.082 1.461 (0.657-3.160) 0.336 0.025
Moderate-to-vigorous activity time per week > 0.4 hours 0.939 (0.257-3.434) 0.925 0.583 (0.270-1.261) 0.171 0.137
Sedentary time per week > 21 hours 2.012 (0.525-7.713) 0.308 0.974 (0.460-2.063) 0.945 0.121
(C) STRATIFICATION BY HIV STATUS, ADJUSTED

PLWH, n = 64 PWOH, n =75

PR (95% CI) P-VALUE PR (95% CI) P-VALUE P,
Total step counts per day > 5.9 thousand 1.151 (0.296-4.472) 0.840 2.332(1.031-5.277) 0.042 0.332
Light activity time per week > 15.7 hours 0.300 (0.068-1.323) 0.112 2.436 (1.019-5.824) 0.045 0.192
Moderate-to-vigorous activity time per week 2 0.4 hours 1.110 (0.324-3.802) 0.868 1.130(0.572-2.232) 0.726 0.440
Sedentary time per week > 21 hours 1.229 (0.290-5.203) 0.780 0.545 (0.249-1.193) 0.129 0.421
(D) STRATIFICATION BY SEX STATUS, UNADJUSTED

MALE, n = 51 FEMALE, n = 88

PR (95% CI) P-VALUE PR (95% CI) P-VALUE P,
Total step counts per day > 5.9 thousand 1.129 (0.379-3.366) 0.828 0.767 (0.321-1.831) 0.550 0.843
Light activity time per week > 15.7 hours 0.886 (0.297-2.641) 0.828 0.900 (0.379-2.137) 0.810 0.977
Moderate-to-vigorous activity time per week 2 0.4 hours 0.800 (0.273-2.348) 0.685 0.548 (0.211-1.424) 0.217 0.769
Sedentary time per week > 21 hours 1.556 (0.519-4.666) 0.431 1.067 (0.454-2.508) 0.882 0.866
(E) STRATIFICATION BY SEX STATUS, ADJUSTED

MALE, n = 51 FEMALE, n = 88

PR (95% CI) P-VALUE PR (95% CI) P-VALUE P,
Total step counts per day > 5.9 thousand 2.217 (0.861-5.710) 0.099 1.455 (0.566-3.740) 0.437 0.567
Light activity time per week > 15.7 hours 1.535 (0.401-5.884) 0.532 1.400 (0.588-3.336) 0.448 0.805
Moderate-to-vigorous activity time per week > 0.4 hours 1.462 (0.608-3.515) 0.396 0.704 (0.304-1.629) 0.412 0.349
Sedentary time per week > 21 hours 0.830 (0.258-2.676) 0.755 0.675 (0.297-1.534) 0.348 0.958

After stratifying by HIV status and prior to adjustment, there was a trend of lower risk of CT-
detected CAD in PLHIV with more light physical activity compared to PWOH [unadjusted PR
0.259, 95% CI1 0.057-1.188, P=0.082 vs. unadjusted PR 1.461, 95% CI 0.675-3.160, P = 0.336]
with a statistically significant interaction p-value of 0.025. After adjustment, the interaction

was no longer statistically significant.

Similarly, there was no significant interaction of sex on the relationship between physical
activity metrics and the presence of CTA-detected CAD prior to and after adjustment.

Prior to and after adjustment, there was a general non-statistically significant trend of lower
risk of more severe CTA-detected CAD with more physical activity and higher risk of more severe

CTA-detected CAD with more sedentary time (Table 5).

Table 4 Unadjusted and
adjusted associations of
objective physical activity
metrics with presence of CTA-
detected CAD for (a) the overall

cohort with available CTA,

stratified by HIV status [(b) and
(c)] and by sex [(d) and (e)].

Definitions: CAD, coronary

artery disease; PR, prevalence
ratio; CI, confidence interval,

P, P-value for interaction.
Adjusted for age and sex.



UNADJUSTED ADJUSTED

PR (95% CI) P-VALUE PR P-VALUE
Total step counts per day > 5.9 0.429(0.138-1.329) 0.142 0.480(0.128-1.797) 0.276
thousand
Light activity time per week > 0.429(0.138-1.329) 0.142 0.464 (0.138-1.559) 0.214
15.7 hours
Moderate-to-vigorous activity 0.571(0.185-1.763)  0.330 0.624 (0.199-1.955) 0.418
time per week > 0.4 hours
Sedentary time per week > 21 2.022 (0.653-6.262)  0.222 1.676 (0.464-6.051)  0.430
hours

DISCUSSION

Self-reported measures of physical activity, such as IPAQ-SF, have been described as a cost-
effective method to assess physical activity (20). In this study, we collected and compared
self-reported and objective measures of physical activity by way of the IPAQ-SF and
accelerometry, respectively. We demonstrated self-reported moderate-to-vigorous activity
was overestimated while self-reported light activity was underestimated, and we did not
find a statistically significant correlation between self-reported and objective physical activity
metrics. These results were consistent with other investigations seeking to validate IPAQ-
SF (9), and highlights the potential role of objective measurement instruments in physical
activity studies.

This is the first study to describe objective measures of physical activity among PLHIV
and PWOH living in Uganda. While we did not find any clinically or statistically significant
difference in physical activity patterns between well-matched PLHIV and PWOH, and we
found clinically significant differences between males and females. On average, males had
21% more steps per day and spent almost five times as much time engaging in moderate-to-
vigorous physical activity. On the other hand, females spent 34% more time in light physical
activity. These results are generally in line with traditional gender roles among males and
females observed in Uganda (13). Importantly, objectively measured physical activity
was low in this population in urban Uganda, as only 11% of participants overall achieved
moderate-to-vigorous physical activity time of at least 150 minutes, with just 5% of females
achieving this target. Several studies have demonstrated the all-cause and cardiovascular
mortality benefit from achieving this level of physical activity (21-23), and this target has
been recommended by several international cardiovascular organizations for the mitigation
of ASCVD (24-27).

A large volume of population-level evidence supports the reduction in ASCVD events with
increased physical activity (28, 21-23), and this benefit may be mediated by an inverse
relationship between physical activity and sub-clinical cardiovascular disease (29). Despite
this, we did not find a significant association between the varied levels of physical activity
and inactivity with elevated ASCVD risk after adjusting for age and sex. Similarly, we did
not find a significant association between physical activity metrics with presence of CTA-
detected CAD or severity of CAD with multivariable analyses. However, our univariable
analyses demonstrate non-statistically significant lower risks of elevated ASCVD risk,
CTA-detected CAD, and CAD severity with higher levels of physical activity metrics for the
overall cohort, with an opposite relationship with increased sedentary time. This trend was
maintained in the multivariable analysis for CAD severity. Additionally, we demonstrated
that increased light physical activity had a non-statistically significant association with lower
prevalence of elevated ASCVD risk, with a 19% prevalence reduction for the total cohort.
We also found a significant moderating effect of HIV, such that the inverse relationship
between light physical activity and CAD was stronger among PLHIV compared to PWOH.
This suggests that even light levels of physical activity may help reduce the burden of HIV-
related cardiovascular disease, especially in regions with higher burden of HIV, such as in
the East African context.

We further assessed the correlation of age with physical activity metrics. We found that age
was positively correlated with sedentary time, and that age was negatively correlated with
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Table 5 Unadjusted and
adjusted associations of
objective physical activity
metrics with more severe CTA-
detected CAD, n = 28.

Definitions: CAD, coronary
artery disease; PR, prevalence
ratio; CI, confidence interval.
Adjusted for age and sex.



moderate-to-vigorous physical activity time and steps per day and explained as much as 10%
of the variation in steps per day. We further demonstrated a trend of negative correlation
between age and light physical activity time. These correlations help inform the relationship
between physical activity metrics and ASCVD risk, CAD, and presence of more severe CAD within
the Ugandan context. Given the trends of physical activity benefits seen in this study, it may
indicate a role for encouraging lifelong exercise, especially as one ages. This further attracts
attention to the potential need to promote physical activity in Africa, especially as it continues
to industrialize.

STRENGTHS AND LIMITATIONS

This work contains several important strengths including the use of gold-standard objective
measures of physical activity and atherosclerotic CAD. We have shown that self-reported
physical activity is not a good measure of objectively measured physical activity, arguing for the
use of objective measures whenever feasible. Our prior research has also shown that ASCVD risk
scores do not correlate well with objectively measured subclinical atherosclerosis in Uganda,
and thus risk scores should not be used as a surrogate marker of subclinical ASCVD (10).

However, our study also has limitations. First, despite clinically important associations between
physical activity metrics and CAD, it is possible that our sample size was not sufficient to reach
representative statistical significance. Secondly, this was a cross-sectional analysis where
measures of physical activity were assessed for a short period of seven days. Although wearing
the physical activity monitor during seven days with a minimum of four days of valid data is
recommended (30), this did not capture the majority of lifetime physical activity habits that
would inform the relationship with ASCVD risk, CAD, and severity of CAD. Thirdly, it is possible
some participants may have altered their physical activity habits with the awareness of
monitoring. Further, as this was an observational study, the univariable trends and associations
seen cannot be construed as causal. Lastly, this was a single-center study based near the
commercial capital of Uganda and the results might not be generalizable to those living in
more rural areas.

CONCLUSION

In this unique study from Africa, objectively measured physical activity was low in urban
Uganda compared to guideline recommendations, with males being somewhat more active
than females and without significant differences by HIV status. Physical activity was not
statistically significantly associated with the presence of CAD independently of age and sex;
however, these hypothesis generating findings require further investigation incorporating
populations from more rural regions of Uganda. Physical activity and exercise are low-cost
cardiovascular disease prevention activities. Objective evidence about which sub-populations
are experiencing less physical activity or more sedentary time are important to target
cardiovascular disease prevention efforts in this resource-constrained setting and similar
settings throughout Africa.
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