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Background: Antiretroviral therapy (ART) has led to diminishing AIDS-related
mortality but a concomitant increase in non-communicable diseases (NCDs) for
people with HIV (PWH). Whereas physical activity (PA) has been shown to help
prevent NCDs and NCD outcomes in other settings, there are few data on PA
and its correlates among PWH in high-endemic settings. We aimed to compare
PA by HIV serostatus in rural Uganda.
Methods: We analysed data from the UGANDAC study, an observational cohort
including PWH in ambulatory HIV care in Mbarara, Uganda, and age- and
gender-matched people without HIV (PWOH). Our primary outcome of interest
was PA, which we assessed using the International Physical Activity
Questionnaire and considered as a continuous measure of metabolic
equivalents in minutes/week (MET-min/week). Our primary exposure of interest
was HIV serostatus. We fit univariable and multivariable linear regression models
to estimate the relationship between HIV and PA levels, with and without
addition of sociodemographic and clinical correlates of PA (MET-min/week). In
secondary analyses, we explored relationships restricted to rural residents, and
interactions between gender and serostatus.
Results: We enrolled 309 participants, evenly divided by serostatus and gender.
The mean age of PWH was 52 [standard deviation (SD) 7.2] and 52.6 (SD 7.3) for
PWOH. In general, participants engaged in high levels of PA regardless of
serostatus, with 81.2% (251/309) meeting criteria for high PA. However, PWOH
reported higher mean levels of PA met-minutes/week than PWH (9,128 vs 7,152,
p≤ 0.001), and a greater proportion of PWOH (88.3%; 136/154) met the criteria
for high PA compared to PWH (74.2%; 115/155). In adjusted models, lower levels
of PA persisted among PWH (β =−1,734, 95% CI: −2,645, −824, p≤ 0.001).
Results were similar in a sensitivity analysis limited to people living in rural areas.
Conclusion: In a rural Ugandan cohort, PWOH had higher levels of PA than PWH.
Interventions that encourage PA among PWH may have a role in improving NCD
risk profiles among PWH in the region.
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Introduction

Antiretroviral therapy (ART) has led to a narrowing gap in life

expectancy between people with HIV and people without HIV (1, 2).

As AIDS-related mortality has decreased, people with HIV are at

increasing risk of non-communicable diseases (NCDs), including

cardiovascular disease (CVD) (3–5). In the global north, people

with HIV have been observed to have a 1.5- to 2-fold greater risk

of CVD than people without HIV (5). A combination of

determinants is thought to cause this increased risk, including

traditional CVD risk factors (6), HIV-specific factors such as

chronic immune activation and inflammation (7, 8), ART-related

dyslipidemia and other metabolic comorbidities (9, 10),

behavioural factors such as smoking and physical inactivity

(11–13) and inequalities in access to health care (14–16). A

particular concern is the effect of modern ART regimens, such as

dolutegravir- to cause significant increases in weight, especially

when in combination with tenofovir alafenamide fumarate (17).

The rising tide of CVD morbidity among people with HIV

necessitates exploration of scalable interventions that can help

improve health, particularly in high-burden HIV endemic

settings. There is an abundance of evidence showing the health-

related benefits of physical activity (PA) in the general

population, including decreasing the risk of CVD among people

with HIV (18). Physical activity has multiple benefits, including

reducing many modifiable CVD risk factors that are increased

because of HIV infection and/or treatment (19, 20). For example,

benefits of PA in CVD risk reduction include elevated serum

HDL-C, decreased triglycerides and total cholesterol (21, 22), and

a reduction in BMI, waist-to-hip ratio, and total body fat (23).

People with HIV who regularly engage in PA also have

significantly lower advanced glycation end products, lower waist

circumference (WC) (24), and less lipodystrophy than non-active

people with HIV (25). In people with HIV, PA has been

beneficial for maintaining good health (26), improving metabolic

profiles and cardiorespiratory fitness (27), maintaining lean

muscle tissue, improving cardiopulmonary function and immune

status, enhancing quality of life (28), controlling inflammation,

and improving cardio-metabolic health (27, 29).

However, despite the numerous known benefits of PA for

people with HIV and for CVD risk reduction, and its potential

as a focus of health interventions, there is little data on PA levels

among people in HIV endemic settings, particularly in sub-

Saharan Africa. There is substantial inter- and intra-regional

variation in PA, and PA also differs significantly by social

determinants (30–33). Furthermore, since HIV serostatus

presents unique barriers to PA among rural or underserved

people with HIV (34), comparing PA levels and determinants to

people without HIV will also be a crucial step towards designing

PA interventions for this population.

Thus, our overarching aim was to describe the distribution and

determinants of PA in a cohort of adult people with HIV on ART

and age-matched people without HIV in Uganda. We additionally

aimed to explore how PA differs by demographic and

cardiometabolic factors, and whether these factors confound

relationships with HIV serostatus. We hypothesize that people
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with HIV engage in lower levels of PA and lower intensity PA

than people without HIV and that, women, individuals who are

older, those with higher blood pressure and HbA1c≥ 7 and of

low educational attainment, wealth quartile and living in an

urban location will also engage in less PA.
Materials and methods

Population and study design

The UGANDAC study was a longitudinal observational cohort

study of people with HIV in ambulatory HIV care in Mbarara,

Uganda, and a group of age- and gender-matched people

without HIV comparators (NCT 02445079) (35). The objective

of the study was to test hypotheses related to associations

between HIV and NCD risk, including cardiovascular and

pulmonary disease, in an HIV-endemic setting in sub-Saharan

Africa in an aging population. Thus, our study uses a population

of people aged 40 years of age and older. To be included in the

study, people with HIV had to meet the following criteria: (1) in

ambulatory care at the Immune Suppression Syndrome Clinic at

Mbarara Regional Referral Hospital, (2) age ≥40 years and (3)

duration of ART use ≥3 years (36, 37). After enrolment of

people with HIV, age and gender-matched people without HIV

comparators living in the clinic catchment area were recruited

from their homes using a population census. Since this was a

longitudinal study, for this study we use data from visit one (i.e.,

first year of the study). The only data which we carried forward

were for wealth quartile since this data only started to be

collected in visit two (i.e., in the second year of the study). Since

this was a secondary data analysis from a parent cohort study.

The parent study was initially powered to test for a difference in

the progression of carotid intima media thickness by HIV

serostatus in Uganda (35). In keeping with best practices, a post-

hoc power calculation was not conducted for this analysis, given

their known pitfalls and strong recommendations from experts in

the field not to be undertaken in this scenario (38).
Data collection

Trained study nurses conducted interviews between December

2013 and May 2018 to capture sociodemographic data, history of

CVD diagnosis and its management, CVD risk factors (including,

hypertension, diabetes mellitus, atherosclerosis and dyslipidemia)

(39). Study nurses also measured weight using standardized scales

(seca 762, Hanover, USA) and height using roll-up measuring

stadiometers (seca 206, Hanover, USA) (39). Height was measured

to the nearest 0.1 cm and weight was measured to the nearest

kilogram (39). Height and weight were then used to calculate body

mass (BMI) as weight (in kilograms) divided by the square of

height (in meters), and categorized BMI as underweight (30 kg/m2),

normal weight (18.5–24.9 kg/m2), overweight (25–29.9 kg/m2), or

obese (>30 kg/m2) (39). Bilateral, resting blood pressure was

collected using automated digital upper arm sphygmomanometers
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(Omron Healthcare Inc., Bannockburn, USA) with small (<21 cm),

normal (22 cm–32 cm), and large cuffs (35 cm–44 cm). This was

done with participants seated in a chair and allowed to rest for

5 min. The average of the measurements from both arms was used

to determine the blood pressure of each participant (39). Blood for

HBA1c testing was collected using Siemens Vantage A1c testing

kits (Siemens Medical Solutions USA, Malvern, PA) (40). To

measure relative wealth in our study population, we collected data

on ownership of assets as described previously and used in

Demographic Health Surveys across the region (41). In summary,

we used principal component methods and selected the first

principal component applied to multiple binary indicators for

household-owned assets (e.g., bicycle, radio) and housing

characteristics (e.g., type of toilet facilities, water source). We then

constructed four quartiles from this variable to enable relative and

interpretable comparisons in wealth (lowest, low, high, highest)

within the cohort.

Physical activity, the primary outcome of this study was assessed

using an adapted version of the International Physical Activity

Questionnaire (IPAQ) short form, which was developed to assess

PA across all domains of leisure-time, work, transportation, and

household tasks (42). It has been previously validated compared to

PA (43). Specifically, a study that collected reliability and validity

data on the IPAQ short form showed that its reliability is within

acceptable levels with 75% of correlation coefficients observed

above 0.65 (44). Similarly, using a total of 781 adults, fair to

moderate agreement between the IPAQ short form data against

accelerometers was shown in the same study (pooled correlation

coefficient 0.3 (95% CI: 0.23–0.36) (44). Respondents report

frequency and duration of walking, moderate-intensity and

vigorous-intensity activity performed for at least 10 min duration

per session. Our adapted questionnaire captured PA relating to

activities of daily living such as work and travel-related PA which

were specific to the Ugandan rural population context. As such,

activities which were captured were a combination of aerobic and

anaerobic activity of low and moderate-to-vigorous intensity.
Statistical analysis

We analysed the first visit for each participant with available

data on PA. Descriptive statistics were used to summarize

sociodemographic (age, sex, educational attainment, wealth

quartile, and residential location) and clinical factors (blood

pressure, HbA1c, and BMI) by HIV serostatus. These were

reported as mean [standard deviation (SD)] or median and

interquartile range (IQR) for continuous variables and as

frequencies (n and percent) for categorical variables. Measures of

association by HIV serostatus were computed using non-

parametric log-rank testing for continuous variables and Pearson

chi squared testing for categorical variables.

Our outcome of interest was PA. To estimate PA levels, we first

calculated the weekly minutes of walking, moderate-intensity and

vigorous-intensity activity by multiplying the number of days/

weeks by the duration on an average day. Reported minutes per

week in each category were weighted by a metabolic equivalent
Frontiers in Reproductive Health 03
(MET; multiples of resting energy expenditure) resulting in a PA

estimate independent of body weight, expressed in MET-minutes/

week and calculated by multiplying METs by minutes/week (44).

Physical activity was defined in two ways: (1) for our primary

analysis we considered PA as a continuous variable (MET-

minutes/week) and (2) for a pre-specified secondary analysis, we

dichotomized PA into high PA versus low or moderate PA. To do

so, we used standardized criteria (42), in which we considered

walking to be 3.3 METS, moderate PA to be 4 METS and

vigorous PA to be 8 METS and 2) categorized as “low” (physically

inactive), “moderate” and “high” physical activity, based on the

following definitions: Low: Meets neither ‘moderate’ nor ‘high’

criteria; Moderate: Meets any of the following three criteria: (a) 3

days of vigorous activity of at least 20 min/day; (b) 5 days of

moderate-intensity activity or walking of >30 min/day for >10 min

at a time; or (c) 5 days of any combination of walking, moderate-

intensity or vigorous-intensity activities achieving at least 600

MET-minutes/week; High: Meets either of two criteria: (a)

vigorous-intensity activity on >3 days/week and accumulating at

least 1,500 MET-minutes/week; or (b) >5 days of any combination

of walking, moderate-intensity, or vigorous-intensity activities

achieving at least 3,000 MET-minutes/week. We adapted the

questionnaire to reflect the rural Ugandan context. In the adapted

PA questionnaire, vigorous activities included cutting or carrying

wood, cutting crops, shovelling, grinding or pounding millet, or

digging. Moderate physical activities included carrying water or a

load on your head while walking, scrubbing, washing clothes, or

tending animals. These activities were categorised according to the

compendium of physical activities.

For our primary analysis we considered PA as a continuous

measure of MET-minutes/week. We fitted univariable and

multivariable linear regression models, with HIV as the primary

exposure of interest, with and without additional confounding

variables, including sociodemographic (age, gender, educational

attainment, residential location, and wealth quartile) and clinical

factors (HbA1c, blood pressure, and BMI). We used purposeful

selection (45) in the regression model and included all items in

the univariable model with a p-value of <0.25 in the multivariable

model and included HIV in both models a priori because it was

our primary explanatory variable of interest. In pre-specified

secondary analyses, we then repeated these steps, but with analysis

restricted to individuals living in rural areas because most people

without HIV participants in the cohort were recruited from a

rural location. We also repeated these steps to identify those with

the highest level of PA, by dichotomizing PA as either high or low

as the outcome of interest and fitting logistic regression models to

assess associations with HIV and the same confounding variables

as above. Further, analysis was also done to identify correlates of

PA with interaction terms on gender and serostatus. All analyses

were conducted using Stata version 16 (College Station, TX).
Ethical considerations

Study procedures were reviewed and approved by the

Institutional Review Board of Mass General Brigham
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TABLE 1 Cohort sociodemographic and clinical characteristics.

Characteristics People living with
HIV (n = 155)

HIV un-infected
(n = 154)

p-valuea

Age (y) mean (SD) 52.0 (7.2) 52.6 (7.3) 0.443

Missing 0 0

Sex, n (%) 0.70

Men 81 (52.3) 77 (50.0)

Mabweazara et al. 10.3389/frph.2023.1093298
(2014P001928) and the Research Ethics Committee of the Mbarara

University of Science and Technology (06/04–14). All participants

gave written informed consent. Permission to conduct this

secondary data analysis was also granted by the University of

KwaZulu Natal Biomedical Research Ethics Committee (BREC/

00003396/2021).
Women 74 (47.7) 77 (50.0)

Missing 0 0

Educational attainment, n (%)b 0.005

Primary school or less 130 (83.9) 125 (81.2)

Secondary school and greater 24 (15.5) 17 (11.0)

Missing 1 (0.7) 12 (7.8)

Location <0.001

Urban 36 (24.8) 0

Rural 109 (75.2) 154 (100.0)

Missing 10 (6.45%) 0

Wealth quartile, n (%)c <0.001

Fewest Assets 31 (20.1) 45 (31.7)

Few Assets 29 (18.8) 46 (32.4)

Middle Assets 42 (27.3) 32 (22.5)

Most Assets 52 (33.8) 19 (13.4)

Missing 1 (0.7) 12 (7.8)

HbA1c, n (%)d 0.229

<7 146 (94.2) 149 (96.8)

≥7 9 (5.8) 4 (2.6)

Missing 0 1 (0.7)

Blood pressure (mmHg), mean (SD)

Systolic BP* 114.4 (19.5) 119.6 (17.9) 0.0005

Diastolic BP* 71.6 (11.8) 76.4 (11.6) <0.001

Body mass index category, n (%) 0.056

Underweight (<18.5 kg/m2) 13 (8.4) 27 (17.5)

Normal (18.5–25 kg/m2) 99 (63.9) 90 (58.4)

Overweight/obese (≥25 kg/m2) 43 (27.7) 37 (24.0)

Missing 0 0

Physical activity, n (%) 0.003

Low PA 13 (8.4) 3 (2.0)

Moderate PA 27 (17.4) 15 (9.7)

High PA 115 (74.2) 136 (88.3)

Missing 0 0

Current CD4 (cell/ml), median (IQR) 458 (336–559)

Viral load detectability, n (%)

Detectable 16 (10.32)

Undetectable 133 (85.81)

Missing 6 (10.32)
Results

Study population

Sociodemographic, PA and clinical factors of participants are

summarized in Table 1. Of the 309 participants in our study,

approximately half (155/309, 50%) of the participants were

people with HIV and the cohort was nearly evenly divided by

sex [158/309 (51%) male]. Most participants had primary or less

education (255/309, 83%) and most lived in a rural residential

location (263/309; 85%). People with HIV tended to have higher

asset ownership, with a greater proportion of people in the

highest quartile (34% vs 13%) and lower proportion of people in

the lowest quartile (20% vs 32%) of asset ownership (p < 0.001).

Most participants had a HbA1c < 7, which was similar for people

with HIV and people without HIV. The mean systolic and

diastolic blood pressures for people with HIV were 114 [standard

deviation (SD) 20] and 71.6 (SD 12) respectively whilst that for

people without HIV was 120 (SD 18) and 76 (SD 12),

respectively. In terms of BMI, a greater proportion (43/155, 28%)

of people with HIV were in the overweight/obese BMI category,

compared to 37/154, 24% in people without HIV, even though

the proportions were statistically similar. In terms of PA, both

people with HIV (115/155, 74%) and people without HIV (136/

154, 88%), had a greater proportion of people reporting high PA

than low or moderate PA and this proportion was higher in

people without HIV. For people with HIV, the median CD4 was

458 cell/ml (IQR: 336–559), whilst 86% had a suppressed viral load.
ART regimen, n (%)

AZT/3TC/NVP 93 (60.1)

AZT/3TC/EFV 31 (20.0)

TDF/3TC/EFV 11 (7.1)

Other 20 (12.9)

Missing 0

BP, blood pressure.
ap-values were calculated using χ2 for categorical variables and rank sum testing

for continuous variables.
b13 participants (12 HIV-uninfected and 1 HIV-infected) were missing education

assessment.
cWe used the mean asset index for each person over the course of the study period

and 13 participants were missing wealth quartile data.
dOne participant had missing data on HbA1c.

*Average of second and third same sitting left and right arm blood pressure

measurements; SD, standard deviation; Low PA≤ 3.3 METS: meets neither “moderate”

nor “high” criteria; Moderate PA=Moderate: meets any of the following three criteria:

(a) 3 days of vigorous activity of at least 20 min/day; (b) 5 days of moderate-intensity

activity or walking of >30 min/day for >10 min at a time; or (c) 5 days of any

combination of walking, moderate-intensity or vigorous-intensity activities achieving at

least 600 MET-minutes/week; High PA=meets either of two criteria: (a) vigorous-

intensity activity on >3 days/week and accumulating at least 1,500 MET-minutes/week;

or (b) >5 days of any combination of walking, moderate-intensity, or vigorous-intensity

activities achieving at least 3,000 MET-minutes/week; AZT, zidovudine; TDF, tenofovir

3TC=Lamivudine; EFV, efavirenz. N.B: There was no missing data for physical activity.
Distributions of physical activity by
serostatus

In general, the study cohort engaged in high levels of PA, with

81.2% (251/309) meeting criteria for high PA (Figure 1). When we

compared PA by HIV serostatus, we found that the mean number

of metabolic equivalents/weeks was higher in people without HIV

than people with HIV (9,128 vs 7,152, p≤ 0.001), and that a greater

proportion of people without HIV (88.3%; 136/154) met the

criteria for high PA category compared to people with HIV

(74.2%; 115/155, Figure 2A and Table 1). The higher level of PA

seen in people without HIV was present in both males and

females, across strata of age, and across strata of BMI

(Figures 2B–D).

In unadjusted models, having secondary and greater education

(β =−1,967, 95% CI: −3,340, −595, p = 0.005), living in an urban

location (β =−2,223, 95% CI: −3,632, −814, p = 0.002), being in
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FIGURE 1

Categorical physical activity level stratified by serostatus, gender, age, and BMI.

Mabweazara et al. 10.3389/frph.2023.1093298
the middle (β =−1,531, 95% CI: −2,748, −313, p = 0.014) or

highest quartile of asset ownership (β =−3,934, 95% CI: −5,179,
−2,690, p < 0.001), having a higher mean diastolic blood pressure

(β =−450, 95% CI: −841, −68, p = 0.021), and being HIV

positive (β =−19,76, 95% CI: −2,876, −1,076, p < 0.001) were

significantly associated with lower PA levels (Table 2). In

multivariable models, female sex remained significantly

associated with higher PA levels (β = 931, 95% CI: 49, 1,813,

p = 0.039), as did being in the highest quartile of asset ownership

(β =−3,054, 95% CI: −44,348, −1,760, p < 0.001), having a higher

mean diastolic blood pressure (β =−416, 95% CI: −790, −42,
p = 0.030) and being HIV-positive (β =−1,734, 95% CI: −2,645,
−824, p≤ 0.001) (Table 2). These results were similar in a

sensitivity analysis limited to people living in rural areas

(Supplementary Table S1).

When we considered PA as a categorical variable, with high PA

as the outcome, we found that having secondary or greater

education (OR = 0.40, 95% CI: 0.19, 0.84, p = 0.015), living in an

urban location (OR = 0.42, 95% CI: 0.19, 0.92, p = 0.030), having

the highest quartile of asset ownership (OR = 0.11, 95% CI: 0.04,

0.29, p < 0.001), and being HIV-positive (OR = 0.38, 95% CI:

0.21, 0.70, p = 0.002) were each 50–90 percent lower odds of high

physical activity (Table 3). In adjusted models, being in the

highest quartile of asset ownership (OR = 0.12, 95% CI: 0.04,
Frontiers in Reproductive Health 05
0.34, p < 0.001) remained associated with an approximately 90%

lower odds of having high physical activity (Table 3). We did

not find evidence of interaction by gender, age, or BMI in

models that included interaction terms for each of these

(Supplementary Table S2).
Discussion

In an observational cohort study from Uganda, including

people with HIV on ART and age and gender-matched people

without HIV from the same community, we found that people

without HIV reported higher mean levels of PA energy

expenditure compared to people with HIV and that a greater

proportion of people without HIV met criteria for high levels of

PA than people with HIV. These results remained consistent

after adjusting for gender, age, BMI, and cardiovascular disease

risk factors, as well as in a sub-sample limited to residents of

rural areas. This finding holds relevance in the context of

growing reports of CVD as a primary cause of morbidity and

mortality among people with HIV globally (46). Although our

data were collected prior to the integrase-inhibitor era, they

remain relevant in light of an increasing obesity epidemic among

people with HIV taking dolutegravir (47). If confirmed in other
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FIGURE 2

Distribution of physical activity level, stratified by (A) serostatus (B) gender (C) age (D) BMI.

Mabweazara et al. 10.3389/frph.2023.1093298
settings, these findings signal a need for consideration of PA

counselling and behaviour change interventions for people with

HIV in the region to help realize the multifaceted beneficial

impacts of PA on health for this population (27).

Despite the reported benefits of PA for people with HIV in

terms of improving metabolic profile, quality of life (27), and

functional status (48), studies of people with HIV in sub-Saharan

Africa (SSA) have generally demonstrated poor engagement in

PA to improve health (49). Indeed, our finding that most people

with HIV engage in less PA compared to people without HIV is

consistent with the findings of most other studies conducted in

SSA (50–54). Although our study did not explore perceptions or

behaviours related to PA, we hypothesize that the observed lower

levels of PA among people with HIV may be attributed to

context-specific barriers to PA among people with HIV. Other

studies in the region have suggested that HIV-related symptoms

and medications, community safety, depression, cultural beliefs,

lack of knowledge about PA and motivation to engage in PA,

and fear of negative physical effects of exercise (34, 55) all may

be contributors. With sizeable increases in obesity reported

among people with HIV taking integrase-inhibitors based

therapies (56), future studies should better elucidate the barriers

and facilitators of PA among people with HIV in Uganda to

assist in design of interventions to promote PA among people

with HIV.
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There were a number of secondary findings of interest in

our study. For example, we found that the study cohort

engaged in comparatively high levels of PA regardless of

serostatus. This finding is consistent with a national survey of

PA data collected as part of a Ugandan national NCD risk

factor analysis, which found that 73% of rural participants had

high levels of PA, largely achieved through travel and work-

related activities (57). Residing in a rural location has also

been found to be associated with higher odds of active

transportation (58) and intense agricultural activities and

manual work as part of employment (59). We similarly found

lower levels of PA among urban-dwelling residents compared

to rural-dwelling residents in unadjusted models, although the

effect was dampened after adjustment for confounders. A

number of studies conducted elsewhere in sub-Saharan Africa

have also reported increased PA among rural populations (60–

63). However, notably, this pattern is not consistent

throughout the continent. For example, in South Africa,

individuals in urban settings were more likely to engage in

moderate PA than rural participants (64), whilst (65) reported

that being from a rural formal location reduced the prospect

of engaging in vigorous PA. Similar relationships have also

been reported outside the African continent (66), and may

support the presence of distinct relationships in urbanicity and

PA, by broader socioeconomic status.
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TABLE 2 Univariable and multivariable linear regression models to identify sociodemographic and clinical correlates of physical activity in people with
and without HIV.

Univariable Models Multivariable Model

β 95% CI p-value β 95% CI p-value
Age (each year) −56 −119, 8 0.087 −24 −85, 36 0.432

Sex
Male REF REF

Female 612 −313, 1,537 0.194 931 49, 1,813 0.039

Educationa

Primary or less REF REF

Secondary and greater −1,967 −3,340, −595 0.005 −897 −2,211, 418 0.181

Wealth quartilec

Fewest assets REF REF

Few assets −377 −1,595, 840 0.542 −374 −1,562, 813 0.535

Middle assets −1,531 −2,748, −313 0.014 −969 −2,177,239 0.116

Most assets −3,934 −5,179, −2,690 <0.001 −3,054 −4,348, −1,760 <0.001

HbA1cb (each 1%) 21 −453, 496 0.929

SBP* (each 10 mmHg) −10 −35, 14 0.4054

DBP* (each 10 mmHg) −450 −841, −68 0.021 −416 −790, −42 0.030

Body mass index
BMI 18.25–25 REF

BMI < 18.5 −75 −1,489, 1,339 0.917

BMI≥ 25 kg/m2 −97 −1,672, 1,477 0.903

HIV serostatus
PWOH REF REF

PWH −1,976 −2,876, −1,076 <0.001 −1,734 −2,645, −824 <0.001

SBP, systolic blood pressure; DBP, diastolic blood pressure
aA total of 13 (12 HIV-uninfected and 1 HIV-infected) were missing education assessment.
bOne participant had missing HbA1c assessment.
cWe used the mean asset index for each person over the course of the study period and a total of 13 participants were missing wealth quartile data.

*Average of second and third same sitting left and right arm blood pressure measurements.

Mabweazara et al. 10.3389/frph.2023.1093298
We also found that female gender was associated with higher

PA levels. We hypothesize that the relationship between female

gender and PA is due to our study setting in a largely rural

area, and high dependence on the agricultural sector for food

(67), in a setting where women contribute the highest share of

labour (67). Additionally, in many African countries, rural

women often are charged with domestic chores, such as

collecting water and firewood, processing and preparing food,

travelling, and transporting, and caregiving (68). Notably, our

results contrast with numerous studies conducted elsewhere in

SSA who report that women engage in less PA compared to

men (50, 51, 62–65, 69–72). This may be in part, due to some

studies only reporting specific domains of PA such as

frequency, intensity, and duration (Craft et al., 2014), and not

reporting PA as a whole. For example (64), investigated the

prevalence and socio-demographic correlates of PA among

adults in urban and rural communities in South Africa,

specifically reports that women were less likely to engage in

vigorous PA and does not report the low and moderate PA.

Similarly, we observed that people with greater wealth had

lower levels of PA. This is in contrast with studies who typically

report that individuals of higher socioeconomic status (SES)

engage in more PA than those of low SES (e.g.,) (65, 73–76). In

general, evidence suggests a positive relationship between an

individual’s economic resources and PA. However, it has recently
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been suggested that the observed positive relationship between

higher SES and PA is mainly a relationship between leisure-time

PA and SES, and may be unique of high-income settings (77).

By contrast, in our low-income setting, we suspect the opposite

relationship may be driven by inherent PA requirements to

participation in an agrarian economy (57).

Finally, we found an association between higher diastolic blood

pressure and lower levels of PA. Physical inactivity is a risk factor for

development of hypertension (78). Moreover, the beneficial effects of

PA on hypertension and reduction in both systolic and diastolic

blood pressure are well documented (79–83). Thus, the relationship

here is not unexpected, and highlights the need for context-specific

PA interventions to help improve CVD risk prevention in this region.

Our study should be interpreted in the context of its limitations.

We conducted a cross-sectional analysis, as such causal inference

cannot be made. We also used a self-reported measure of PA,

which may be prone to social desirability bias and less accurate

than some objective measures, such as motion sensors. The IPAQ

scale is also meant to be a quantitative measure to estimate the

magnitude of PA undertaken, but does not provide contextual

information about the types of activities being taken (e.g., aerobic

versus anaerobic or PA for pleasure versus occupation). Future

work should better describe types of and preferences for PA

undertaken by PWH to promote intervention development.

Comparisons with other studies are limited due to a paucity of
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TABLE 3 Univariable and multivariable logistic regression models to
identify correlates of high physical activity in rural Uganda.

Univariable Model Multivariable Model

OR 95% CI
aOR

p OR 95% CI
aOR

p

Age (each year) 0.98 0.94, 1.02 0.301

Sex
Male REF

Female 0.95 0.53, 1.67 0.848

Educational attainmenta

Primary or less REF REF

Secondary and greater 0.40 0.19,0.84 0.015 0.64 0.27, 1.53 0.316

Residential location
Rural REF

Urban 0.42 0.19,0.92 0.030 1.15 0.44, 3.01 0.776

Wealth quartileb

Fewest assets REF REF

Few assets 0.83 0.27, 2.60 0.753 0.80 0.23, 2.76 0.723

Middle assets 0.62 0.21,1.83 0.387 0.61 0.19, 1.95 0.404

Most assets 0.11 0.04, 0.29 <0.001 0.12 0.04, 0.34 <0.001

HbA1cc (each 1%) 1.05 0.76, 1.43 0.772

Systolic BP* (each
10 mmHg)

1.00 0.90, 1.19 0.824

Diastolic BP*
(each 10 mmHg)

0.88 0.69, 1.11 0.278

Body Mass Index category, n (%)
18.5–25 kg/m2 REF

<18.5 kg/m2 1.11 0.45, 2.71 0.820

≥25 kg/m2 1.02 0.52,1.20 0.955

HIV serostatus
PWOH REF REF

PWH 0.38 0.21, 0.70 0.002 0.50 0.23, 1.10 0.084

BP, blood pressure.
aA total of 13 (12 HIV-uninfected and 1 HIV-infected) were missing education

assessment.
bWe used the mean asset index for each person over the course of the study period

and a total of 13 participants were missing wealth quartile data.
cOne participant had missing HbA1c assessment.

*Average of second and third same sitting left and right arm blood pressure

measurements.
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research comparing PA and its correlates between people with HIV

and people without HIV in sub-Saharan Africa. Finally, given that

about half of our study sample were females of menopausal age,

adverse health effects that frequently accompany the menopausal

transition, such as increases in body weight and mood changes

must be considered when interpreting their PA levels.

In summary, this study highlights differences in PA levels

between people with HIV and people without HIV. In particular,

the development of effective PA interventions, may entail first

understanding the factors that facilitate and hinder PA

participation, including those that may be unique to people with

HIV in rural locations such as HIV-infection related barriers, those

that are a consequence of ART, and socioeconomic factors. Most

importantly, the emergence of NCDs among people with HIV also

calls for an understanding of NCD risk factors among this

population and the use of PA as an adjunct therapeutic measure to

minimise these risk factors and prevent NCDs. Future studies are
Frontiers in Reproductive Health 08
recommended to focus on both PA intensity and PA domain so

that researchers are able to develop domain-specific interventions.
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