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ABSTRACT

Objectives This study was designed to assess patterns of
objectively measured physical activity (PA) and sedentary
behaviour in a sample of adults in a rural setting from a low-
income Sub-Saharan African country (Malawi). The patterns
of PA and sedentary behaviour in Malawi were compared
with US data collected and analysed using the same
methodology.

Methods The Malawi PA data were collected as part of a
survey experiment on the measurement of agricultural labor
conducted under the World Bank Living Standards
Measurement Study program. ActiGraph accelerometers
(model GT3X) were worn on the right hip in a household-
based sample of 414 working-age adults (15-85 years).
Results Mean total and 95% Cls for PA by category in min/
day for Malawi adults were: sedentary 387.6
(377.4-397.8), low-light 222.1 (214.7-229.5), high-light
136.3 (132.7-139.9), moderate 71.6 (68.8—74.5), vigorous
1.1 (0.5-1.8) and moderate-to-vigorousphysical activity
(MVPA) 72.8 (69.7-75.9). Mean of PA and sedentary
behavior (min/day) summed across age and sex groups are
compared between Malawi and US samples: sedentary
behaviour, 387.6 vs 525.8 (p<0.001); low-light, 222.1 vs
217.0 (p=ns); high-light, 136.3 vs 45.6 (p<0.001);
moderate, 71.6 vs 28.0 (p<0.001); vigorous, 1.1 vs 2.5
(p<0.001); MVPA, 72.8 vs 30.5 (p<0.001). Compared with
the USA, Malawi participants averaged consistently less
sedentary time/day and more minutes/day in all intensity
levels of PA, except for low-light and vigorous PA.
Conclusion Overall, levels of MVPA and high-light activity
in adults in Malawi were substantially higher and sedentary
time was substantially lower than those observed in US
samples using near identical data collection, scoring and
analysis.

INTRODUCTION

Physical activity (PA) is an important con-
tributor to global health, reducing the risk
of morbidity and mortality from cardiovas-
cular disease, cancer, diabetes and other
non-communicable diseases (NCD).! Over
recent decades, physical inactivity (not
meeting guidelines) and sedentary (sitting)
time have become especially problematic
for low-income and  middle-income

What is already known?

» Objectively measured daily time of MVPA in adults
from upper-income and middle-income country
urban samples from around the world ranges from
approximately 30 to 50 min.

» Several studies suggest that adults in rural Africa
may be more active.

What are the new findings?

» Overall levels of MVPA and light PA are substantially
higher in a sample of adults in rural Malawi (a low-
income African country) than have been observed in
other population-based samples using hip-worn
accelerometers.

» The prevalence of meeting the 150 min per week PA
guideline is much higher in the Malawi sample
(94%) than the US sample (55%).

» Sedentary time among adults in rural Malawi is
correspondingly lower than seen in upper-income
and middle-income country populations.

» Surprisingly, vigorous PA levels observed in adults in
Malawi were actually lower than those for an age-
matched US urban sample, though levels were less
than 3 min per day in both groups.

countries (LMIC) in which a majority of the
preventable mortality from NCD occurs.”
Physical inactivity is estimated to cause more
than five million deaths per year globally.®
Despite its importance, PA has rarely been
a focus of public health efforts in LMIC.*
This may in part be due to limited popula-
tion surveillance data on the prevalence of
PA and sedentary time.” While this data gap
is closing,” our understanding of patterns of
PA and sedentary time in lower-income coun-
tries, rural areas and in Sub-Saharan Africa
remains limited.”

As PA assessment methodology has evolved
from self-report questionnaires to device-
based measures (eg, accelerometry) the gap
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between high-quality PA data in high-income versus low-
income countries is widening. Few studies with objective
PA data have been published from rural populations of
adults from low-income countries. The absence of this
information hampers the ability to guide public health
programmes and our understanding of the transition
from rural to urban lifestyles. Urbanisation in LMICs is
associated with increases in NCD and postulated
decreases in PA and increases in sedentary time.’
Recent African data from population-based self-report
surveys show substantial inactivity in many countries.’
A handful of studies with objective measures of PA
suggest that PA, while higher than in high-income coun-
tries, is still much lower than optimal.>' The aim of
the present study was to assess accelerometry-measured
PA and sedentary time among adults (15+) that were
active in agriculture and that were members of approxi-
mately 200 rural households that participated in a
household survey that was implemented in Malawi, a
low-income Sub-Saharan country. Use of standardised
methodology from a multi-country study'® '* allowed
for comparison of patterns of PA in Malawi with those
from age-matched US samples.

METHODS

Malawi agricultural labour survey: design and purpose

The Malawi PA data were collected as part of the ‘Malawi
Agricultural Labor Experiment 2016/17 which was con-
ducted under the World Bank Living Standards Measure-
ment Study (LSMS) program. The larger study collected
agricultural labour data during the 2016/17 agricultural
season in 20 rural enumeration areas (EA) spread evenly
across the Ntcheu and Zomba districts. In each EA, 36
agricultural households were sampled at random and
were randomly allocated to one of the three agricultural
labour data collection designs - for a total of 240 house-
holds per design. All designs gathered self-reported infor-
mation on the quantity (days and hours) of farming labour
during the agricultural season - either through weekly
visits, weekly phone interviews or a recall interview at the
end of the season. To provide objective PA data for validity
comparisons with the selfreported data on farm labour,
each adult member of the households in the weekly visit
arm was selected to wear accelerometers. The participa-
tion rate for the accelerometer component of the study
was 86%. Subjects were involved in the design, or conduct,
or reporting, or dissemination plans of our research, pro-
viding feedback on survey design and protocol.

US-based comparison studies

Accelerometer data were collected in three US-based stu-
dies examining the relationship of the built environment
to PA, sedentary behaviour and health. These studies
were conducted in geographically and demographically
diverse neighbourhoods in Seattle/King County, WA,
and the Baltimore, MD-Washington, DC region.'* Parti-
cipation rates were 26% (adults), 21% (seniors) and 36%

(adolescents), which are generally consistent with other
studies using mail/phone contact methods for recruit-
ment. Detailed methods for these studies have been
reported elsewhere.'”™” For present analyses, only parti-
cipants within the age range of the Malawi sample (15—
85 years) were selected. These studies were approved by
relevant Institutional Review Boards and required
informed consent by adults and assent by adolescents.

Accelerometer training for Malawi data collection

A coordinating centre with extensive experience using
accelerometers provided training and consultation.
A train-the-trainer approach was used, whereby key mem-
bers of the research team participated in a 4-day training
in the USA, then replicated the accelerometer workshop
to train local Malawian data collectors. The US coordinat-
ing centre provided ongoing online assistance during
Malawian trainings. The train-the-trainer workshops
included all topics required to implement data collection,
including detailed instruction on accelerometer proto-
cols, usage of a Microsoft Access database for participant
tracking, and instruction and tips to improve wearing
compliance. Trainings included consultation on mana-
ging concerns that were specific to implementing accel-
erometer measurement within the Malawian context.

Accelerometer data collection and wearing protocol in
Malawi

ActiGraph accelerometers (model GT3X) were deployed
to two working-age adults (15+ years) in each
sampled household, prioritising first those engaged in
agriculture and then deploying accelerometers to addi-
tional working-age household members at random, as a
function of the number of remaining accelerometers
available for deployment. Accelerometers were distribu-
ted in person during a visit to each residence, and instruc-
tions for how to wear and care for the device were
provided. Detailed procedures were implemented to
ensure quality control during data collection. Participants
were instructed to wear the accelerometer around the
waist, with the meter positioned just above the right hip-
bone, using a belt that was provided during all waking
hours (except when bathing or swimming) for 14 days. To
encourage wearing the accelerometer, a log was provided
for participants to record wear times, as well as sleep and
wake times for each day.'® After 7 days of data collection,
the local data collection team visited each participant to
download and screen accelerometer data for device mal-
function and wearing time. Data collectors also entered
the daily logs into the Microsoft Access tracking database.
The tracking database and accelerometer data files were
transferred to the coordinating centre on a weekly basis
for review. The coordinating centre screened all acceler-
ometer data for valid wear time and provided feedback to
the Malawi team. The goal was to collect data for at least
5 days per each 7-day wearing period. After 14 days, all
data were downloaded and screened once again for wear-
ing time and device malfunction. If at either time point
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a device malfunction was detected, a new accelerometer
was deployed with instructions to wear for the number of
days lost to equipment failure. Data collectors entered the
logs and wearing information for the remaining days and
transferred the tracking database and final accelerometer
files to the coordinating centre. The coordinating centre
completed the cleaning of the entries to prepare for data
analysis.

US studies

Accelerometer data collection and wearing procedures
were similar for the three US-based studies. ActiGraphs
(model 7164) were deployed to one participant per
household by mail for a 7-day wear period. Participants
were instructed to wear the accelerometer around the
waist above the right hipbone on a belt that was provided
during all waking hours (except when bathing or swim-
ming) and to complete a wearing log. If fewer than 5
wearing days were recorded, a second wearing of the
device was requested for the number of days fewer than
the requested 7 days.

Common scoring protocol
A standardised protocol for scoring accelerometer data
was adapted from an international study on built envir-
onments and PA.'"? ¥ Data were aggregated to 60-s
epochs, and the low-frequency extension (LFE) was
activated in the GT3X devices used in Malawi.'? Data
from the USA were collected with an older generation
ActiGraph (7164) that did not have a filter option. The
LFE was used with the GT3X devices to maximise com-
parability of activity estimates between samples in
Malawi and the USA. Studies have shown that data
collected with the 7164 are comparable to data col-
lected with the newer generation devices (GT3X)
when the LFE is applied.19 20

Data from the vertical axis were extracted from the
triaxial devices (GT3X model) used in the Malawi study
to match the vertical axis data collected with the uniaxial
7164 model in the US studies. Data from both countries
were scored using Freedson adult cut points for moderate
and vigorous PA (1952 counts/min for moderate and
5725 counts/min for vigorous or ‘hard’; Freedson et al,
1998).2! Light activity was categorised as low-light
(101-929 counts/min) or high-light (930-1951 counts/
min), and sedentary time was scored with the commonly
used cut point of <100 counts/min.22 25 PA and sedentary
time were estimated as cumulative time spent in the dif-
ferent activity intensities over the course of a day. Non-
wear time was defined as 60 or more consecutive zero
counts, and wearing time was defined as all possible wear-
ing time minus non-wear. Ten wearing hours were
required for a valid day. MeterPlus version 5.0 was used
for data scoring. Participants were included in the sample
if they had one or more valid wearing days. Although the
instructions were to remove the accelerometer prior to
going to bed at night, some participants wore the monitor
24 hours a day, or kept the monitor under a pillow during

sleeping, leading to enough non-zero counts for some
sleeping time to be classified as wear time. To eliminate
sleeping time from activity estimates, data recorded
between 22:00 and 04:30 were eliminated prior to data
scoring. For determining these universal times for sleep,
we analysed the self-reported sleep and waking time from
the wear logs and found that the time between 04:30 and
22:00 represented 95% of the samples’ self-reported
awake times.

Analysis plan and variables

Average total minutes of activity accumulated in each
intensity category per valid wearing day (excluding sleep
period) were calculated for the entire sample and also
stratified by age group and sex for each country. To
compare PA and sedentary behaviour by country, age
group, and sex, the General Linear Model (GLM) proce-
dure in SPSS Version 26 was used. Main effects for coun-
try, age group, and sex, and the interaction effects for
country*age group and country*sex were tested in the
model for each activity-intensity category (sedentary, low-
light, high-light, moderate, vigorous, and MVPA) and
total daily counts, controlling for accelerometer-wearing
time and age as covariates in each model. The per cent of
wearing time spent in each intensity category by sex and
country was calculated using the marginal means from
the GLM models and used for graphical comparisons
(figure 1). To calculate the per cent of the sample meet-
ing the current PA guidelines of 150 min or more per
week of moderate-to-vigorous physical activity (MVPA),
the average MVPA per valid day variable was multiplied by
7 to obtain an estimate of average weekly minutes of
MVPA. Non-parametric Kruskal-Wallis tests with inde-
pendent samples were used to compare the per cent
meeting PA guidelines by country, age group and sex.

RESULTS

PA-intensity measures are presented separately for the
n=414 Malawi participants and the n=3258 US partici-
pants. Because PA consistently varies by sex and age,
findings are summarised separately for male and female
participants and by 4 age groups: adolescents (15-19 years
old), younger adults (20-39 years), middle-aged adults
(40-64 years) and older adults (65-85 years old). As
shown in table 1, average age of participants in the Malawi
and US samples was 35.1 and 48.6 years old, respectively.
Women comprised 56.0% of the Malawi sample and
50.3% of the US sample. On average, accelerometers
were worn for 14.2 and 13.6 hours per day by Malawi
and US participants. The number of days that participants
wore accelerometers was 13.3 and 6.3 days in Malawi and
the USA, respectively, with little variation across age
groups.

Physical activity and sedentary time by age groups and
country

Table 2 shows the average minutes per day for each of the
scored activity-intensity levels: sedentary time, low-light
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MALAWI, MALES

MALAWI, FEMALES

M Sedentary M Sedentary
M Low Light M Low Light
™ High Light ™ High Light
m MVPA m MVPA
US, MALES US, FEMALES
M Sedentary M Sedentary
H Low Light H Low Light
™ High Light ™ High Light
m MVPA m MVPA
Figure 1 Pie charts for average daily distribution of activity for Malawi and US males and females.
Table 1 Overall and site-specific sample characteristics in Malawi and USA
Malawi us
Mean (SD) or % Mean (SD) or %
All agest 15-19 20-39 40-64 65-85 All agest 15-19 20-39 40-64 65-85
Overall N 414 75 198 113 28 3258 375 674 1413 796
Age 35.1(16.1) 16.7(1.5) 28.9(5.8) 49.1(7.1) 72.0(6.2) 48.6 15.6 (0.5) 32.2 51.0 73.7
(19.3) 4.8) (6.8) (5.7)
Sex, % female 56.0 48.0 58.6 56.6 57.1 50.3 52.7 50.7 46.5 5518
Accelerometer 14.2 (0.9) 14.0(0.9) 14.2(0.9) 14.5(0.9) 13.9(0.9) 13.6(1.3) 13.2(1.1) 13.4 13.8 13.5
wearing hours (1.3 (1.3 (1.4)
per day
Accelerometer 13.3(1.5) 12.9(1.8) 13.2(1.6) 13.7(1.1) 13.5(1.6) 6.3(1.4) 57(2.0) 6.2(1.5) 6.4(1.4) 6.4
wearing days (1.2)

tSamples in Malawi and the USA differed in age (p<0.001) and sex (p<0.05). The Malawi sample had more wearing days (p<0.001) and hours per
wearing day (p<0.001) compared with the USA.

PA, high-light PA, moderate PA, vigorous PA, MVPA (sum
of moderate and vigorous categories) and total acceler-
ometer counts per day. Sex, age, and accelerometer wear-

time covariates. Overall, sample averages and averages for
each of the four age groups are provided for both coun-
tries. Compared with the USA, Malawi participants
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averaged consistently less sedentary time per day and
more PA minutes per day in all intensity levels, except
for low-light and vigorous PA (<3 min per day, on average,
in both countries). Average sedentary time was inversely
related to age groups in Malawi and across the three
younger age groups in the USA, but sedentary time was
higher in the 65-85 age group than the other two adult
age groups. Adolescents in the USA and Malawi had more
sedentary time than other age groups. Average MVPA
minutes per day showed a consistent inverse pattern
with age in both countries. MVPA was highest among
the adolescents and became progressively lower in older
groups. The significant interactions between country-by-
age group for 4 of 6 PA intensity levels indicated the
differences in lower-intensity activity (sedentary and low-
light) were more variable across age groups in the USA,
with the greatest differences between the youngest and
oldest groups. Higher-intensity activity (moderate PA
and MVPA) became progressively lower with each
older age group in both the US and Malawi, but the
age differences were larger in Malawi. Almost 94% of
Malawi participants met the guideline of 150+ min of
MVPA per week, whereas only 55% of US participants
did. Meeting the guideline was inversely related to age
in both countries.

Physical activity and sedentary time by sex within country
Table 3 shows the average minutes per day participants
spent in each PA-intensity category. In both Malawi and
the USA, men spent more time being sedentary than
women. Men also had more moderate and total MVPA
minutes per day than women in both countries, with the
relative differences more in Malawi than in the USA for
moderate and vigorous PA. The patterns were mixed for
the low-light and high-light PA categories. There was no
sex difference for low-light PA in Malawi, but US women
had more low-light PA than men. In Malawi, men had
significantly less high-light PA than women, but the
reverse pattern was found in the US sample.

The distributions of average time spent in different
PA-intensity levels varied across the two countries and
among men and women. These patterns are illu-
strated in figure 1. Malawi men and women spent
48% and 44% of their accelerometer-wearing time
being sedentary, whereas US men and women spent
63% and 62% of their time being sedentary. Malawi
men and women spent 24% and 29% of their time
doing high-light and MVPA, in contrast to 10% and
9% for US men and women. Men and women in
Malawi and the USA spent 27-29% of their time
doing low-light intensity PA.

DISCUSSION

Overall PA among adults in Malawi was substantially higher
than in other population-based samples reported in the
literature using hip-worn accelerometers.* The compari-
son with a US sample from the International Physical
Activity and the Environment Network (IPEN) study with

asimilar age and sex profile, and for which data collection,
synthesis, and analysis were carried out nearly identically,
put the Malawi data in perspective. The average of
72.8 min/day of MVPA in Malawi was more than twice
the 30.5 min average MVPA of the US sample, and almost
twice the average of 37.3 min among the 14 cities from 10
middle-income and high-income countries in the IPEN
Adult Study.** While none of these sites were rural, the
IPEN populations that might be perceived as somewhat
comparable are the three Latin American LMIC sites.
Mean min/day of MVPA in Cuernavaca, Mexico, Curitiba,
Brazil and Bogotd, Colombia were 31.2, 31.5, and 37.0,
1respectiv¢s:ly.24 Present results are also consistent with
those seen in a comparison of rural and urban adults
in Cameroon in which rural adults had 107 min/day of
MVPA compared with 62 min/day of MVPA in urban
adults.”® While the Cameroon population was a better
match with the Malawi population than those noted
above, the markedly different measures used to assess
PA make direct comparison difficult. The pattern of
activity in Malawi shown in figure 1 further differentiated
this rural population from previously studied populations
in both high-income and middle-income countries. As
expected for a rural agricultural population compared
with a US urban population, there was much more light
activity and correspondingly less sedentary time in the
Malawi sample. Adults in Malawi had about three-
quarters of the daily sedentary time and 40% more
light activity time than the US sample. Essentially all of
the difference in light activity was in the ‘high-light PA’
category. Surprisingly, Malawi adults engaged in even less
vigorous PA than US adults (1.1 vs 2.5 min/day). The
Malawi sample had two and a half times as much mod-
erate PA as the US sample (71.6 vs 28.0 min/day). The
difference was dramatic, illustrated by 93.7% of the
Malawi study population meeting the 150 min per week
PA guidelines, compared with 55.1% in the US sample.

In addition to large differences in overall PA among
adults in Malawi compared with the USA, figure 1 demon-
strates differences in the distribution of activities across
intensity categories. US adults had substantially more
sedentary time, and among Malawians, much sedentary
time was replaced with both MVPA and high-light PA.
Only the proportion of activity time in low-light was simi-
lar across all four groups. Given growing evidence of the
health benefits of less-than-moderate intensities of PA,26
27 the pattern of PA in Malawi could provide important
health benefits if caloric intake was sufficient to support
these activity levels.

Despite both expected and unexpected challenges,
this study demonstrated it was feasible to collect high-
quality objective PA data in a very low-resource rural
low-income country setting. The familiarity of the field
team with carrying out surveys in rural Malawi meant
that with appropriate training and support and an
existing system of resident enumerators data collection
went smoothly. Response rates and wear times were as
high or higher than in IPEN countries, and loss of
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devices was minimal. Compliance was incentivized by
providing respondents with small gifts such as soap.
Though it would be valuable to increase use of accel-
erometers in low-income countries, there are several
challenges. Funding would likely need to be provided
by international sources, as the devices are expensive,
and substantial staffing is needed to collect, manage,
and process the data. The present approach with local
expert data collectors and international coordination
to ensure comparable data management and scoring
should be considered for future studies.

The results of the present study provide new insights on
device-measured PA and sedentary time in rural Malawi,
and it would be valuable to evaluate how these finding
generalise to other low-income countries and rural popu-
lations. The much higher overall PA and lower sedentary
time in rural Malawi are consistent with expectations and
support the assumption that as rural agricultural popula-
tions move to urban areas their PA declines and is
replaced by sedentary time.”*™” Of course, the present
study did not provide a direct test of the hypothesis.
Generalisation of this study was also limited because it
was carried out in a single country during one season and
samples in neither country were nationally representa-
tive. Other limitations included differences in the num-
ber of days and duration the accelerometers were worn,
use of different accelerometer models in the USA and
Malawi studies that might not be entirely corrected for
with LFE activation, limited ability of hip-worn devices to
capture load bearing and upper body activity, higher
participation rates in Malawi, and that neither population
was representative of the complete rural or urban popula-
tions in Malawi or the US However, the coupling of an
experienced World Bank survey team with the experi-
enced IPEN coordination team for accelerometer train-
ing, data management, quality control, and analysis
enhances confidence in data quality. Additional studies
of this quality in other low-income and rural settings will
be required to further our understanding of PA and
sedentary time across the global spectrum of countries.
However, it is critical to apply strictly standardised meth-
ods of collecting, managing, and scoring accelerometer
data, because it is well documented that small variations
in methods can dramatically affect outcomes.*™*® Pre-
vious attempts to compare accelerometer data collected
independently in various countries failed due to metho-
dological differences.” Future international PA studies
need to use standard protocols and provide equipment,
training, ongoing support, and central scoring of data to
achieve comparable results.'?

The current Malawi sample of agricultural workers
lacked electricity, motorised vehicles, and most modern
technology. Their lifestyle probably resembles those of
historical agricultural societies. The data from Malawi pro-
vide a rare glimpse into activity patterns in a low-income
economy. Impressive differences were observed between
adults in Malawi and the USA, with Malawi adults doing
about twice as much MVPA per day as the US sample and

a sample of adults from 10 middle-income and high-
income countries.** If the Malawi pattern of much more
MVPA and high-light activity and much less sedentary time
was common in recent centuries of human history, it sug-
gests modernisation, motorisation, and technological pro-
gress have profoundly changed PA in ways that have been
difficult to quantify previously. These Malawi farmers may
be an example of ‘normal’ levels of PA that our biology is
adapted for but which our culture has forgotten.
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