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Background: This study aimed to explore association of self-reported physical activity domains of work, leisure, and transport-related
physical activity and body mass index (BMI) in 9388 adult men and women from the Africa-Wits-INDEPTH partnership for Genomic
(AWI-Gen) study in Africa. Africa-Wits-INDEPTH partnership for Genomic is a large, population-based cross-sectional cohort with
participants from 6 sites from rural and urban areas in 4 sub-Saharan African countries. Methods: A sex-stratified meta-analysis of
cross-sectional data from men and women aged 29-82 years was used to assess the association of physical activitg with BMI. Results:
Opverall, meeting physical activity guidelines of at least 150 minutes per week was associated with 0.82 kg/m” lower BMI in men
(8=-0.80 kg/m*; 95% confidence interval [CI], —1.14 to —0.47) and 0.68 kg/m* lower BMI in women (f =—0.68 kg/m*; 95% CI,
—1.03 to —0.33). Sex and site-specific differences were observed in the associations between physical activity domains and BMI.
Among those who met physical activity guidelines, there was an inverse association between transport-related physical activity and
BMI in men from Nanoro (Burkina Faso) (8 = —0.79 kg/m?; 95% CI, —1.25 to —0.33) as well as work-related physical activity and BMI
in Navrongo men (Ghana) (8 = —0.76 kg/m?; 95% CI, —1.25 to —0.27) and Nanoro women (£ = —0.90 kg/m*; 95% CI, —1.44 to —0.36).
Conclusions: Physical activity may be an effective strategy to curb rising obesity in Africa. More studies are needed to assess the

impact of sex and geographic location-specific physical activity interventions on obesity.
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Obesity is one of the major risk factors for cardio-metabolic
diseases.! It is projected that in Africa, by 2030, 27 million men and
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72 million women will be obese, an increase from 8 million men
and 26 million women in 2010.%? Physical activity (PA) is a vital
lifestyle intervention for reducing obesity.>~” However, more
studies are needed in Africa to understand the PA patterns of
men and women and their association with body mass index (BMI).

Total time spent in PA is accrued from various PA domains
(namely work, leisure, and transport) and varies among communities
and countries.®° High-income countries have higher levels of leisure-
time PA (LTPA) (28% of total PA) compared with the low, lower-
middle, and upper-middle income countries (4%, 8%, and 13%,
respectively).® Work-related PA has a higher contribution to total
PA in the low and lower-middle income countries (57%) compared
with the upper-middle and high-income countries (44%-47%).8 Most
evidence on the association between PA and BMI is based on the
leisure-time PA (LTPA) domain in US and European populations.®!0:!1
However, work and transport-related PA are highly prevalent in Africa,
accounting for 95% of overall PA in 22 countries, compared with 5%
for LTPA.!> This might be due to differences in culture, levels of
urbanization, economic development, and climate between low- and
middle-income and high-income countries. In addition, access to and
affordability of facilities for LTPA such as gyms may determine the
types of physical activities in which Africans engage.'3'# Dugas et al'>
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explored the association between PA (self-reported and accelerometry
based) on BMI in adults of African origin. Inconsistent associations
were found between time spent in moderate to vigorous physical
activity (MVPA) and BMI while higher baseline MVPA levels were
not significantly associated with future weight changes.

Some scholars argue that inconsistencies in the association
between PA and BMI may be because PA alone is insufficient to
influence BMI but more benefits would be realized if complemented
with other interventions such as diet.'®!7 Nevertheless, evidence is
fairly consistent on the association of higher PA with lower BMIL.18-2!
However, though PA is known to be associated with lower BMI,
the reverse may also be true as bidirectional causal relationships
between PA and BMI have been observed in a Mendelian randomi-
zation study?? and higher BMI has been seen to result in less
transport-related PA.?3 Nevertheless, there remains, a lack of evi-
dence on the impact of domain-specific PA on BMI, particularly on
the African continent as patterns of PA in work, leisure, and
transport-related PA domains differ across regions of the world.?
Therefore, we aimed to describe and compare PA domains between
middle-aged men and women from East, West, and South African
countries and evaluate the association between time spent in these
PA domains with BMI.

Materials and Methods
Study Population and Setting

We used data from 9388 men and women aged 29-82 years
recruited across 5 sites in the Africa-Wits-INDEPTH partnership
for Genomic studies (AWI-Gen), a large, population-based cross-
sectional cohort from rural and urban areas in 4 sub-Saharan
African countries.?*?> Four of the sites were health and demo-
graphic surveillance sites (HDSS) in West Africa (Nanoro HDSS,?°
Burkina Faso, and Navrongo HDSS in the Navrongo Health
Research Centre, Ghana??), East Africa (African Population and
Health Research Center HDSS, Nairobi, Kenya?®), and South
Africa (Dikgale HDSS?°) The fifth site was located in the MRC/
Wits Developmental Pathways for Health Research Unit, Soweto,
also in South Africa.3° Participants were recruited at random into
the AWI-Gen study. The recruitment process is described in detail
in an earlier publication.?> The study was conducted according to
the guidelines of the Declaration of Helsinki and approved by the
University of the Witwatersrand Human Research Ethics Commit-
tee (Medical; M210166). The AWI-Gen study data were collected
under ethical approval from the same committee (M121029), and
written informed consent was obtained from all participants. Those
who could not read or write had the consent form read before they
affixed a thumbprint and a third party signed as a witness.?

Data Collection

Face-to-face interviews were conducted at study sites in different
countries to obtain data on PA and demographic variables.

Anthropometric Measurements

Weight was measured with a calibrated digital scale to the nearest
0.1 kg, and height was measured to the nearest 0.01 cm using a
wall-fixed digital stadiometer (Holtain Ltd).>> BMI was calculated
and categorized as follows: underweight (BMI<18.5 kg/m?),
normal weight (BMI > 18.5 and <25 kg/m?), overweight (BMI >
25 and < 30 kg/m?), and obese (BMI > 30 kg/m?).3!

Sociodemographics and PA

Education was categorized as no formal education, completion of
primary, secondary, or tertiary education. Household assets in
working order were used to categorize socioeconomic status into
quintiles based on the demographic and health survey method.3?33

PA was measured in 3 domains, occupational, transport-
related, and leisure-time PA, using the Global Physical Activity
Questionnaire (GPAQ).3!-34 Total time spent in each PA domain
was a sum of the minutes spent per week in moderate- and
vigorous-intensity PA (MVPA) in that domain. Total MVPA in
minutes per week was calculated as MVPA time accumulated in
the 3 domains. Total MVPA was classified based on the World
Health Organization guidelines for PA. Those with
MVPA > 150 minutes per week were classified as meeting
guidelines, and those with MVPA <150 minutes per week
were classified as not meeting guidelines.® Sitting time in hours
per day from the GPAQ was used to measure sedentary time.
Sleeping time was not included in the analysis.3*

Statistical Analysis

Data were exported to R (version 4.0.0), cleaned, and checked for
normality using the Shapiro—Wilcoxon test. Cleaning was conducted
for the PA data using the GPAQ analysis guide. In addition,
observations lying outside +1.5 SD of the mean were removed.
For sitting time, participants with sitting hours above 24 hours per
day were removed.

In the first stage of analysis (data analysis stage 1, Figure 1),
the data were split into sites. Descriptive statistics were used to
describe the participants’ characteristics, exposures, and out-
comes, including PA patterns in the different study sites. Median
and interquartile ranges (IQRs) were used to describe the non-
normally distributed variables. Mann—Whitney test for continuous
data and chi-square test for categorical data were used to test the
differences between men and women and between sites. To
determine the proportion of time spent in each PA domain, the
total MVPA for each participant was calculated, followed by the
percentage of time spent in each domain before getting the mean
of these percentages for each domain. Linear regression modeling
was conducted to determine the association between meeting PA
guidelines (predictor) with BMI (outcome) across the sites. After
that, a meta-analysis was completed in the meta-package of R
using summary statistics from linear regression to determine the
associations in the total sample. Models were adjusted for age,
education level, and socioeconomic status.

In stage 2 of the analysis (Figure 1), only those who met PA
guidelines were included. Leisure-time, work, and transport-related
PA were classified as low (<120 min/wk) and moderate to high
(>120 min/wk), an adaptation of the work by Holtermann et al.3>
Linear regression models were used to obtain effect sizes, with
BMI as an outcome and PA domain as a predictor while adjusting
for age, educational level, and socioeconomic status. Alcohol
intake and smoking status were not included in the models since
alcohol intake data for Soweto was not collected and the prevalence
of smoking among Nanoro women was 0%.3° We then aggregated
the effect sizes of the associations between PA domain (as the
predictor) and BMI (as the outcome) across the study sites using the
fixed-effects model, assuming that the actual effect of PA on BMI
was the same on all the sites. This enabled us to determine
departure from this assumption as indicated by the I?, which is
a measure of heterogeneity.3” Effect sizes in the meta-analysis are
labeled as standardized mean differences by default since they were
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Figure 1 — Schematic presentation of data handling procedures for the analysis of the physical activity in 4 African countries. AWI-Gen indicates

Africa-Wits-INDEPTH partnership for Genomic.

precalculated for each study while weight denotes the percentage
weight that is attributed to each study by the model.3®

Results
Characteristics of Study Participants

The median age of the study participants was 50 years for both
men and women (IQR: 45, 55; Table 1). Education level was
significantly different between men and women in all study sites
except for Dikgale (rural South Africa). In all the study sites,
BMI was higher in women than men except for Nanoro (rural
Burkina Faso), where the median BMI was 21.1 kg/m2 for men
and 19.8 kg/m2 for women. Women in Soweto (urban South
Africa) had the highest median BMI (32.9 kg/mz), while women
in Nanoro had the lowest (19.8 kg/m?). The median sitting time
was 8 hours per day (IQR =5.5; 11.5) among men and 7.7 hours
(IQR =5.5; 11.0) among women, and this difference was statis-
tically significant (P <.001). More than 80% of the total sample
of men (86.1%) and women (82.4%) met the weekly PA guide-
lines of at least 150 minutes of MVPA per week. This trend was
consistent in all sites except Nanoro, where more women than
men (86.3% vs 74.8%; P<.001) met the PA guidelines
(Table 1).

Patterns of PA by Domain

Most of the PA time at all sites was spent on work and transport-
related PA, with LTPA contributing the least to total MVPA
(Figure 2). Transport-related PA accounted for most of the time
spent in MVPA in Soweto and Nairobi men and women. How-
ever, there were sex differences in the PA domains in which most
of the time was spent at the other sites. Thus, in Dikgale and
Nanoro, women spent most of their time in work-related PA while
men spent most of their time in transport-related PA. In Nav-
rongo, women spent a similar amount of time in work and
transport-related PA, while men spent most of their time in
work-related PA (Figure 2).

Association Between Meeting PA Guidelines
and BMI

Compared with not meeting guidelines, meeting PA guidelines of
at least 150 minutes MVPA per week was significantly associated
with lower BMI in Soweto and Nanoro men (Figure 3A), and in
Nanoro and Dikgale women (Figure 3B). In the meta-analysis, this
was associated with a 0.80 kg/m” lower BMI in the total sample of
men (Figure 3A), and 0. 68 kg/m? lower BMI in the total sample of
women (Figure 3B).
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Figure 2 — The proportion of total MVPA spent on leisure, transport, and work-related physical activity among men and women in 5 study sites from 4
African countries. MVPA indicates moderate and vigorous physical activity.
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Figure 3 — Meta-analysis of the association between meeting physical activity guidelines and BMI in 6 sites in 4 African countries. (A) Site-specific
meta-analysis in men and (B) site-specific meta-analysis in women. Models were adjusted for age, education, and socioeconomic status. BMI indicates
body mass index; CI, confidence interval; TE, estimate; seTE, standard error of the estimate; SMD, standardized mean difference/effect size.
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Meta-Analysis of the Association Between Time
Spent in Different Domains of PA With BMI in Men
and Women Meeting PA Guidelines

Overall and at the different sites, among those meeting PA guide-
lines, there were no statistically significant associations between
leisure-time PA and BMI in either men (Figure 4A) or women
(Figure 4B). In the whole sample, BMI was significantly lower in
men participating in moderate—high (>120 min/wk) transport-
related PA (Figure 4C) and work-related (Figure 4E) PA compared
with men participating in low (<12 min) PA within these domains.

In the different study sites, BMI was lower in Nanoro men who
participated in moderate—high (>120 min) transport-related PA com-
pared with their low-activity counterparts (Figure 4C). In addition,
> 120 minutes (moderate to high) of work-related PA in Navrongo
men who met PA guidelines was associated with 0.76 kg/m* lower
BMI compared with those who did <120 minutes (low work-related
PA; Figure 4E). In Nanoro, when compared with women with
<120 minutes work-related PA, women who did >120 minutes of
work-related PA had 0.90 kg/m* lower BMI (Figure 4F) and in
Nairobi women who met PA guidelines, moderate to high (>120 min)
compared with low (<120 min) transport-related PA was associated
with 2.34 kg/m* lower BMI (Figure 4D). In Nanoro, > 120 minutes

LTPA was associated with 2.91 kg/m? higher BMI compared
with < 120 minutes LTPA (Figure 4B) but less than 1% of the total
MVPA was spent in LTPA in these women.

Discussion

Our study evaluated the association between self-reported PA and
BMI in a large African cohort of middle-aged men and women
from urban and rural sites in East, West, and South Africa.
We found that although the prevalence of meeting PA recommen-
dations was high (above 80%) in both men and women, it was
higher in the men than the women (83.9% vs 80.5%). Time spent in
work and transport-related PA contributed the most to total MVPA
with leisure time PA contributing very little at the sites. Meeting PA
guidelines was associated with lower BMI in the whole sample of
men and women, and this was driven by men in West (Nanoro) and
South Africa (Agincourt and Soweto) and women in West Africa
(Nanoro) and South Africa (Dikgale). Moreover, among those
meeting PA guidelines, >2 hours of work and transport-related
PA were associated with lower BMI in men but not women and
regional variations were observed.

The higher prevalence of men meeting PA guidelines compared
with women and the majority of time spent in work (47.0%) and

Men Women
Standardized mean Standardized mean
A TE seTE difference SMD 95% Cl Weight B TE seTE difference SMD 95% Cl Weight
Nanoro -0.15 0.8266 :' —0.15 [-1.77;1.47) 3.5% Nanoro 2.91 0.9098 ' —— 291 [1.12;4.69] 5.5%
Dikgale -0.10 0.4070 —;-'— —0.10 [-0.90; 0.70] 14.2% Dikgale —0.42 0.5540 1 —0.42 [-1.51;0.67] 14.8%
Navrongo -0.03 0.2415 — —0.03 [-0.50; 0.45] 40.4% Navrongo -0.32 0.2780 - —0.32 [-0.86; 0.23] 58.9%
Nairobi -0.33 0.2880 —T —0.33 [-0.89; 0.24] 28.4% Nairobi -0.74 0.5181 — —0.74 [-1.76;0.27] 17.0%
Soweto 0.15 0.4189 R 0.15 [-0.68;0.97] 13.4% Soweto —1.20 1.1025 —_— -1.20 [-3.36;0.96] 3.7%
1 1
1 1
Fixed effect model -0.10 [-0.40; 0.20] 100.0% Fixed effect model <> -0.26 [—0.68; 0.16] 100.0%
Prediction interval [—0.36; 0.15] Prediction interval [—4.47; 4.43]
Heterogeneity: 1> =0%,*=0,p=090 " T T T T T Heterogeneity: /2 = 71%, v = 1.5020, p £0.01 | T !
-15-1-05 0 05 1 15 -4 =2 0 2 4
Standardized mean D Standardized mean
C TE seTE difference SMD 95% ClI Weight TE seTE difference SMD 95% Cl Weight
Nanoro —0.79 0.2353 —- —0.79 [-1.25; —0.33] 49.5% Nanoro 0.31 0.2072 t— 0.31 [-0.09; 0.72] 63.2%
Dikgale 0.90 0.5058 | T—=—— 0.90 [-0.09; 1.89] 10.7% Dikgale 0.37 0.5765 — 0.37 [-0.76; 1.50] 8.2%
Navrongo 0.19 0.3284 R 0.19 [-0.46; 0.83] 25.4% Navrongo -0.42 0.3716 —- -0.42 [-1.15; 0.31] 19.7%
Nairobi 0.04 0.7725 —_—tr 0.04 [-1.47; 1.55] 4.6% Nairobi —-2.34 08872 ——— | —2.34 [-4.07,—-0.60] 3.5%
Soweto —091 05300 ——*—1+ —0.91 [-1.95; 0.13] 9.8% Soweto 0.13 0.7055 B 0.13 [-1.26; 1.51] 55%
| ]
I y
Fixed effect model < -0.33 [~0.66; —0.01] 100.0% Fixed effect model 0.07 [—0.25; 0.40] 100.0%
Prediction interval [-2.41; 2.09] Prediction interval [-2.41; 2.07]
Heterogeneity: /% = 71%, t* = 0.3870, p <0.01 ! ! ! Heterogeneity: I° = 63%, t° = 0.3321, p = 0.03" 1 T L
-2 -1 0 1 2 -4 =2 0 2 4
Standardized mean Standardized mean
E TE seTE difference SMD 95% Cl Weight F TE seTE difference SMD 95% Cl Weight
Nanoro 0.57 0.3129 Vb 0.57 [-0.05; 1.18] 19.4% Nanoro —0.90 0.2751 : —0.90 [—1.44;-0.36] 34.7%
Dikgale —0.39 0.4825 ——— —-0.39 [-1.33; 0.56] 8.2% Dikgale 0.63 0.6921 . 0.63 [-0.72; 1.99] 5.5%
Navrongo —0.76 0.2504 — —0.76 [-1.25;-0.27] 30.3% Navrongo -0.02 0.2676 —— —0.02 [-0.54; 0.51] 36.6%
Nairobi —0.31 0.2624 — T —0.31 [-0.83; 0.20] 27.6% Nairobi -0.16 0.3858 — —-0.16 [-0.91; 0.60] 17.6%
Soweto —0.58 0.3627 —t —0.58 [-1.29; 0.13] 14.5% Soweto 0.08 0.6809 —_— 0.08 [-1.25; 1.42] 5.7%
| |
! I
Fixed effect model < —0.32 [-0.59; -0.05] 100.0% Fixed effect model = —0.31 [-0.62; 0.01] 100.0%
Prediction interval [-1.86; 1.27] Prediction interval —— [-1.68; 1.24]
Heterogeneity: /% = 66%, T = 0.1865, p =/0.02 Heterogeneity: /2 = 51%, v* = 0.1529, p = 0.09
-15-1-05 0 05 1 15 -1 0 1
Figure 4 — Analysis of the association between domain-specific physical activity and BMI among men and women in 4 African countries.

(A) Site-specific meta-analysis of leisure-related physical activity in men, (B) site-specific meta-analysis of leisure-related physical activity in women,
(C) site-specific meta-analysis of transport-related physical activity in men, (D) site-specific meta-analysis of transport-related physical activity in
women, (E) site-specific meta-analysis of work-related physical activity in men, and (F) site-specific meta-analysis of work-related physical activity in
women. Models were adjusted for age, education, and socioeconomic status. BMI indicates body mass index; TE, estimate; seTE, standard error of the estimate.
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transport-related PA (43.5%) supports data from 22 African countries
where 83.8% of men and 75.7% of women met the global World
Health Organization PA guidelines, and the largest proportion of total
PA was during work (48.6%) or transport (46.3%).'> A comparison of
domain-specific PA patterns in 104 countries also revealed higher work
and transport-related PA in these domains in low-income compared
with high-income countries.® Sex differences in PA participation,
which were shown at all but one site in our study, have been
corroborated using objectively measured PA in some of the same
participants from the Soweto site.> Higher work and transport-related
PA could arise from work in Africa typically involving manual labor. It
is also possible that the transport cost may be too high for a significant
proportion of the studied population. As a result, they opt to walk or use
other means of nonmotorized transport, consistent with observations
from an earlier study in Nairobi, where walking to work or using other
nonmotorized means were the primary forms of transportation.'>4°
We found that compared with not meeting guidelines, meeting
PA guidelines were associated with 0.82 kg/m* lower BMI in men
and 0.68 kg/m* lower BMI in women and site differences were also
apparent. Meeting PA guidelines was associated with lower BMI
only among men from 2 sites (Nanoro and Soweto) and women in 2
sites (Nanoro and Dikgale). Findings from studies in Africa have
shown inconsistent results. While complying with PA guidelines of
at least 150 minutes per week of MVPA was associated with lower
BMI in a sample of younger Black South African women from
urban Cape Town (26 [7] y old), no association was found in
another study in a rural population of South African men (28.4
[17.6] y old) and women (40.1 [20.7] y old).*!*? Therefore, these
findings and observations from our study suggest that complex
context-specific factors may confound the association between PA
and BMI. These may include PA intensity, where PA performed at
a higher intensity may be associated with lower BML#?* Con-
versely, higher BMI may be contributing to lower PA as observed
in a Mendelian randomization study by Carrasquilla et al,>> where
higher MVPA was causal for lower BMI and at the same time
higher BMI was causal for less PA. In addition, Kroesen and De
Vos?3 found lower PA as a consequence of higher BMI.?223
Alternatively, depending on the stage of the epidemiologic transi-
tion, the domains contributing most to total MVPA and subsequent
associations may differ.'> For example, in our study of men and
women in Soweto and Nairobi (urban sites) spent most of their time
in transport-related PA while women in rural sites of Dikgale and
Nanoro spent most of their time in work-related PA. Diet, obesity
category, and other sociocultural, and genetic factors among
participants in the different sites may also confound the association
between PA and BMIL*** In a study of obese and nonobese
individuals, highly significant associations between PA and
BMI in the obese but weak associations in nonobese individuals
were apparent.*® However, this does not seem to be the case in our
study as the sites with the highest obesity prevalence do not
necessarily show significant associations. Further inquiry is war-
ranted to unpack possible reasons for these regional differences.
We also observed inverse associations between work and
transport-related PA and BMI in the total sample of men but
not women. Site-specific results showed inverse associations
between BMI with transport-related PA in Nairobi women and
men in Nanoro, where participants spent the most time in transport-
related PA. These findings are corroborated in other studies where
more transport-related PA has been reported in lean compared with
overweight or obese men, and high use of active travel is generally
associated with lower BML.'>47 Work-related PA was also associ-
ated with lower BMI in Navrongo men and Nanoro women in our
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study and these have the highest proportion of MVPA as work-
related compared with the other sites. High work-related PA has
been associated with lower obesity risk.434°

This study was not without some limitations. First, it was a
cross-sectional study of middle-aged adults; therefore, we can only
report associations between PA and BMI and cannot infer causal
relationships or comment on other age groups. The relationship
between PA and BMI may be bidirectional, but this can only be
validated by additional studies in this population. Second, we used
self-reported PA measures, which are likely to result in over-
reporting of PA. However, the GPAQ is helpful as a popula-
tion-level PA surveillance tool as it has good validity compared
with population surveillance data.>®3! The strengths of our study
include that we used a large sample size to determine the associa-
tion of PA in the different domains with BMI in an African context.

Conclusions

We have demonstrated regional and sex-specific variation across
5 communities in 4 African countries in patterns of PA when
assessing activity in work, travel, and leisure domains and their
association with BMI. These results show that BMI varies
significantly across regions and sexes, and PA alone may be
insufficient to reduce BMI. There is, therefore, a need for more
context-specific PA recommendations. Further inquiry into other
factors not included in the study that may confound the associa-
tion between PA and BMI is warranted since this was a cross-
sectional study. It also remains to be determined what intensity
and duration of different domains of PA offer the most significant
benefits.
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