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ABSTRACT

Noncommunicable diseases (NCDs) continue to be a global public health
challenge for both developed and low and middle-income countries, with
inactivity, overweight and obesity contributing to mortality. The study aimed to
determine the body mass index (BMI), objectively measured physical activity
(PA) levels, and socio-economic status (SES) of Zimbabwean adolescents and to
establish the associations between their BMI and their PA and SES, and between
their PA and their SES. Participants (N=126) aged 12—19 years were included
in the study. BMI was classified according to the WHO BMI z-scores.
Participants’ PA levels were measured with a pedometer. SES was determined
with the Family Affluence Scale III. The groups’ mean BMI was 20.45 kg/m?,
with 18.9% of the females and 11.5% of the males being overweight. The groups’
mean average number of steps taken per day for seven days was 9 459, and their
SES was classified as low. The association between the males, females and
groups’ BMI with their PA levels was insignificant, negative and weak. There
was a significant positive, weak association between BMI and SES for the males
(r = 0.289; p < 0.05) and the group (r = 0.227; p < 0.05). The association
between the females' PA and their SES was significant, negative and weak (r = -
0.338; p < 0.05) with a significant, negative and moderate association between
the males’ PA and their SES (r = -0.448; p < 0.05). The higher the participants'
BMI, the higher their SES, and the higher their PA levels, the lower their SES.

Keywords: Activity levels, Body composition, Income status, Step count, Z-
scores

INTRODUCTION

Non-communicable diseases (NCDs) are among the major health and developmental
challenges of the 21st century, particularly in low- and middle-income countries. This
challenge affects both developed and developing countries (WHO, 2014). Global statistics
show that the prevalence of obesity and overweight increased from 8.1 to 12.9% in adolescent
males and from 8.4 to 13.4% in females from 1980-2008 (Finucane et al., 2011). Although
sound epidemiologic data in Zimbabwe are scarce, NCDs are recognised as an important public
health issue in Zimbabwe, listed second on the prioritisation list in the current National Health
Strategy (Ministry of Health & Child Care, 2016). Although recent data on the body mass index
of Zimbabwean in-school adolescents are absent, researchers indicate that the prevalence of
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overweight and obesity in 15- to 19-year-old females in Zimbabwe was 11.5% in 2005/2006,
15.5% in 2010/2011, and 13.7% in 2015 (Mukora-Mutseyekwa et al., 2019). The prevalence
of overweight and obesity in Zimbabwe has been on the rise in male children and adolescents,
with the overweight rate rising from 2% in 2000 to 6.5% in 2016 and the obesity rate rising
from 0.2% in 2000 to 1.4% in 2016 (Micha et al., 2020).

Although physical inactivity is the fourth leading cause of death globally (Kohl et al., 2014),
adolescent activity levels globally vary between genders, with 84% of females and 78% of
males not attaining the 60 minutes (11 500-14 000 steps/day) daily moderate to vigorous
physical activity (MVPA) recommended by the WHO (WHO, 2014; Adams et al., 2013).
However, the objectively measured physical activity (PA) levels of in-school Zimbabwean
adolescents are currently unknown. In a study of over 4000 Zimbabwean school children (8—
16 years), researchers collected self-reported data on PA. They found that 59% of children and
youth met the recommended 60 minutes of MVVPA per day (Makaza et al., 2015). In this regard,
two research studies in Canada and Poland showed that female adolescents who reached the
recommended number of steps had a lower BMI than those females who did not take a
sufficient number of steps (Colley et al., 2011; Kantanista et al., 2015). While the lay public
often associates higher PA levels with body composition changes, studies on the association
between PA and body composition in adolescents present inconsistent results (Hallal et al.,
2012). No research has been published on the association between Zimbabwean adolescents’
PA and body mass index. It is therefore essential to determine the current body mass index and
objectively measured PA levels of Zimbabwean in-school adolescents, not only to implement
preventative measures timeously, but also to prevent the development of NCDs in adulthood.

Socio-economic status (SES) is an important factor that affects the health of an individual
or a family (Sharma, 2013). Yet, in the UK, adolescent self-reported health was found to have
weak and inconsistent associations with objectively measured SES (Sweeting & Hunt, 2015).
In sub-Saharan Africa, most literature focuses on sexual and reproductive health, with a paucity
of studies that focus on the association between SES and health in adolescents. However,
researchers assert that there is a directly proportional relationship between SES and PA: i.e., a
greater level of physical activity when the SES is higher (Arias et al., 2018; Sigmundové et al.,
2019). Researchers concur with the above findings in an Australian study that purported to
identify correlates of pedometer-based cut-off points in a cross-section of 10- to 12-year-old
adolescents (McCormack et al., 2011). The study found that achieving the pedometer-based
cut-off points of 15 000 steps per day for males and 12 000 steps per day for females was
positively associated with attending a high SES school (McCormack et al., 2011).

Researchers addressing the association between SES and obesity report inconsistent
findings (Lebel et al., 2014). However, researchers concluded that the likelihood of becoming
obese increases with lower income and is inversely associated with SES even after adjusting
for age (Burkert et al., 2013). The above information is disturbing when considering that obese
children usually become obese adults (Llewellyn et al., 2016) and to date, no information could
be found on the relationship between Zimbabwean adolescents' SES and their PA and BMI.
The Zimbabwean youth is important, and as stated by Llewellyn et al. (2016), the behaviour
patterns established during this stage are likely to be carried into adulthood. This data are
crucial in convincing the Zimbabwean government, schools and health professionals of the
significance of the problem of physical inactivity and overweight/obesity in adolescents from
different socioeconomic spheres and of putting strategies in place for the prevention and
management of physical inactivity and overweight/obesity.
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PURPOSE OF THE STUDY

The study aimed to determine the body mass index (BMI), objectively measured physical
activity (PA) levels, and socio-economic status (SES) of Zimbabwean adolescents and to
establish the associations between their BMI with their PA and SES and the association
between their PA with their SES.

METHODS

Research design

A non-experimental, descriptive, quantitative, correlational research study design was
followed. The study sites included three secondary schools located in urban and rural areas of
two Zimbabwean provinces, namely Bulawayo, an urban city south-west of Zimbabwe with a
population of 99 385, and Matabeleland North, a rural province in western Zimbabwe with a
population of 749 017 (Demographics of Zimbabwe, 2020).

Population and sampling

The schools were identified using random sampling from a list of all secondary schools in the
two provinces, with a school from each subgroup — high, moderate and low SES schools —
forming the final sample. Following informed consent from the parents and assent from the
adolescents, a total of 126 adolescents were randomly selected to participate in the study,
ranging between the ages of 12 and 19 years (M=16.12, SD=1.71). The Family Affluence Scale
I11 (FAS) was used to measure adolescents' SES (Hartley et al., 2016). Potential participants
were excluded if they were unable to walk due to ill health or disability, or had mental health
problems or limited writing ability.

Research tools and data collection

The participants completed the FAS to determine their socio-economic status, whereafter their
height and weight were measured to determine their BMI. A smaller representative subgroup
of 22 participants from each school (66 in total) was randomly sampled from the initial sample
of 42 participants per school and given an Omron Walking Style Pro 2.0 pedometer to wear for
seven consecutive days (Ueno et al., 2013).

Family Affluence Scale 111

The FAS measures the participants' SES and categorises their SES as low, moderate, or high
(Currie et al., 2014). The FAS includes a set of items that refer to family expenditure and
consumption (affluence). The FAS asks questions like: "How many mobile phones are
currently being used in your family?" "In all, how many four-wheeled motor vehicles does your
family possess,” and "Do you have a bedroom of your own which is unshared?" (None = 0;
One = 1; Two = 2; Three or more = 3) (Fokeena & Jeewon, 2012). Answers are ranked on a
scale from 0 to 13 and then categorised as low (0-6), moderate (7—9) and high (10-13) family
affluence (Currie et al., 2014). The FAS is a reliable, valid instrument to measure adolescents'
socio-economic status, and it shows a high completion rate of more than 99% compared to
other SES indicators (Hobza et al., 2017).

Objectively measured physical activity levels

Physical activity was measured using an Omron Pedometer Walking Style Pro 2.0 instrument

(OMRON, Kyoto, Japan), worn by the participants for seven consecutive days. The participants

received an oral explanation and written instructions. Participants were instructed to wear the

pedometer on the right hip during waking hours, except when bathing or engaging in other
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activities exposed to water. They were encouraged to maintain their usual daily routines during
the measurement period. The participants were given an activity diary in which they recorded
the times they put on and took off the pedometer during the seven days. After a week, the
instrument was returned to the researcher. When the accompanying diary reported at least 10
hours of pedometer wear time, the day in question was considered valid for evaluation. Data
on any participant not recorded for more than four consecutive diary dates were excluded from
the final data analysis. The pedometers were deemed valid indicators of physical activity at
moderate and fast speeds, and the accumulated evidence suggests that they are highly reliable
(McNamara et al., 2010).

Body mass index

Height (SECA model 217, Medicare) and weight (SECA 877, Medicare) was measured
according to the standards of the International Society for the Advancement of
Kinanthropometry (ISAK) (Marfell-Jones et al., 2012). The WHO BMI-for-age z-score
categories were used to calculate BMI in this study. BMI categories were divided into four
categories, namely thinness (underweight), normal weight, overweight, and obesity. Obesity is
a BMI z-score greater than or equal to two standard deviations (> +2SD); it is equivalent to a
BMI of 30 kg/m? at 19 years of age. Overweight is a BMI z-score greater than 1 standard
deviation (> +1SD); it is equivalent to a BMI of 25 kg/m? at 19 years of age. Thinness is a BMI
z-score of less than two standard deviations (< -2SD) (WHO, 2006).

Statistical analysis

Descriptive statistics were reported as means and standard deviations, frequencies and
percentages. ANOVA was used to compare the PA levels of the three school groups, with post
hoc tests (Tukey's test and the LSD test) being used to see statistically significant differences
in their PA. The Dunn's Bonferroni pairwise comparison test was conducted to see exactly
where the differences were with reference to the socio-economic groups. To determine the
associations between the objectively measured PA levels, BMI and SES, inferential statistics
(Pearson Chi-square test) were used. Data were analysed using the Statistical Package for the
Social Sciences (SPSS version 20.0, Chicago. IL, USA).

Ethical considerations

The Biomedical Research and Ethics Committee of the University of KwaZulu-Natal (BE261-
18) and the Medical Research Council of Zimbabwe approved the study. All procedures
performed in this study involving human participants were in accordance with the 1964
Helsinki Declaration and its later amendments or comparable ethical standards.

RESULTS

Demaographics
A total of 126 adolescents participated in the study, ranging from 12 to 19 years in age
(M=16.12, SD=1.71). Their age distribution indicates that 94% were between the ages of 14

and 18. The majority of the participants were females (58.7%, n=74), with 41.3%, (n=52) being
male.

Body mass index

As portrayed in Table 1, the mean BMI of the females (n=74) was 20.52 kg/m? (SD=4.15),

which lies in the -1SD and < +1SD normal category of the WHO BMI for age z-score for

females. The males' BMI (n=52) was 19.97 kg/m? (SD=2.95), which lies in the 1SD and <
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+1SD (normal category) of the WHO BMI for age z-score for males. The groups' mean BMI
(N=126) was 20.45 kg/m? (SD=3.38), which lies in the -SD and < +1SD (normal category) of
the WHO BMI for age z-score (Table 1). Further analysis showed that 77.1% of the females'
BMI was in the healthy or normal range (n=42), 18.9% (n=14) within the overweight category,
while 1.4% (n=1) of the females was in the obese category, as shown in Figure 1. Regarding
the males' BMI, 80.8% (n=42) was in the healthy or normal range, 11.5% (n=6) in the

overweight category, while 7.7% (n=4) was in the underweight/thin category, with no males in
the obese category.

Tablel. BODY MASS INDEX OF PARTICIPANT WITH Z-SCORES (N=126)

Participants n M(T%r;rﬁzl;ﬂ : SD BMI z-score

Female 74 20.52 4.15 >—1SD and < +1SD

Male 52 19.97 2.95 >-1SD and < +1SD

Group 126 20.45 3.38 >—1SD and < +1SD
BMI = body mass index; SD = standard deviation

Figure 1 shows that 77.1% of the females and 80.8% of the males were categorised as normal
weight, 18.9% of the females and 11.5% of the males as overweight, 1.4% of the females and
0% of the males as obese.
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Figurel. FREQUENCY DISTRIBUTION OF BODY MASS INDEX

Physical activity levels

As displayed in Table 2, the average minimum and the maximum number of steps taken per
day for the seven days by the group were 1 010 and 22 303.6 (M=9,459.2, SD=4,851.8),
respectively. The males' average number of steps per day in seven days (M=10,838.7;
SD=5,375.7) was significantly higher (p = 0.04) than the females' average number of steps in
seven days (M=8,377.9; SD=4,158.3) (Table 2).
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Table2. PARTICIPANTS' TOTAL AND AVERAGE NUMBER OF STEPS FOR
SEVEN DAYS

Tracking of Steps Min Max Mean SD

Average number of steps per day in 7 1010.0 22303.6 9459.2 4851.8
days (Group; n=66)
Average number of steps per day in 7 1010.0 22303.6 10838.7* 5375.7
days (Males; n=29)

Average number of steps per day in 7 2613.57 19259.1 8377.9 4158.3
days (Females; n=37)

*p < 0.05; SD: standard deviation

Figure 2 shows that 68.6% of the females, 31.4% of the males, and 53% of the whole group
did not meet the MVPA guidelines.
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Figure2. PARTICIPANTS MEETING MVPA GUIDELINES

Socio-economic status

As displayed in Table 3, the mean SES 6.17 (SD=3.22) of the females (n=74) and the males
5.82 (SD=3.33) (n=52) was categorised as low. The groups' (N=126) mean SES of 6.03
(SD=3.27) is also categorised as low (Table 3).

Table3. PARTICIPANTS' SOCIOECONOMIC STATUS

Participants n Mean SES SD Mean SES Category
Female 74 6.17 3.22 Low
Male 52 5.82 3.33 Low
Group 126 6.03 3.27 Low

SD = standard deviation SES = socio-economic status
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Association between the BMI and objectively measured physical activity levels

Table 4 shows a statistically insignificant negative and weak association between the average
number of steps and BMI for the females (r = -0.180; p = 0.286) and the males (r =-0.242; p =
0.206). There was a statistically insignificant negative, weak association (r = -0.232; p = 0.061)
between the average number of steps and BMI for the whole group, i.e., the higher the BMI,
the lower their physical activity levels as reflected by their average number of steps in seven
days (Table 4).

Table 4. ASSOCIATION BETWEEN BODY MASS INDEX AND OBJECTIVELY
MEASURED PHYSICAL ACTIVITY LEVELS

Participants n BMI (kg/m?) Average no. of steps over p-value
[M (SD)] 7 days [M (SD)]
Female 37 20.52+4.15 8377.87£4158.27 -0.180 0.286
Male 29 19.97£2.95 10838.72+5375.73 -0.242 0.206
Group 66 20.45£3.28 9459.15+4851.79 -0.232 0.061
M = Mean; SD = standard deviation; BMI = Body mass index

Association between BMI and socio-economic status and between PA and SES

Table 5 shows a statistically insignificant weak association (r = 0.183; p = 0.118) between the
BMI and their SES for females. A statistically significant positive, weak association was noted
between the BMI and SES of the males (r = 0.289; p = 0.038), and for the whole group (r =
0.227; p = 0.011), i.e., the higher the BMI, the higher the SES.

Table 5 shows a statistically significant negative, weak association (r = -0.338; p = 0.041)
between females' average number of steps and their SES. A statistically significant negative,
moderate association between the average number of steps and SES for the males (r = -0.448;
p = 0.015) and for the whole group was noted (r = -0.410; p = 0.001), i.e., the higher their
physical activity levels as reflected in their average number of steps in seven days, the lower
their SES.

Table5. ASSOCIATION BETWEEN BODY MASS INDEX AND SOCIO-
ECONOMIC STATUS AND PHYSICAL ACTIVITY AND SOCIO-
ECONOMIC STATUS

- BMI and SES PA and SES
Participants n r p-value n r p-value
Female 74 0.183 0.118 37 -0.338* 0.041
Male 52 0.289* 0. 038 29 -0.448* 0.015
Group 126 0.227* 0.011 66 -0.410** 0.001

*p < 0.05**p <0.01
DISCUSSION

This study is the first of its kind to report on the objectively measured physical activity levels

of Zimbabwean in-school adolescents and the associations between their body mass index,

physical activity, and socio-economic status. Previous research reported a rise in the prevalence

of overweight and obesity in Zimbabwean females 15 to 19 years old, where the prevalence

was 11.5% in 2005/2006, 15.5% in 2010/2011, and 13.7% in 2015 (Mukora-Mutseyekwa et

al., 2019). Consistent with this, our results show that 20.3% of the females were overweight
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and obese. However, although only 11.5% of males were overweight, it is consistent with a
previous Zimbabwean study that reported a rise in the prevalence of overweight in male
children and adolescents; the overweight rate rose from 2% in 2000 to 6.5% in 2016 (Micha et
al., 2021). More females in this study were overweight than males, which corresponds with
findings in other studies on adolescents (Negash et al., 2017). However, some researchers
reported inconsistent findings on obesity/overweight prevalence in adolescents (Adom et al.,
2019), with some researchers reporting that obesity/overweight prevalence does not differ
between males and females (O'Dea, 2008). Nonetheless, some researchers report a higher
prevalence in females (Negash et al., 2017), with other researchers, in contrast, showing higher
estimates in males (Ogden et al., 2018). In South Africa, approximately 27% of females and
9% of males from the 15-19 years age group are overweight or obese (National Department of
Health, Statistics South Africa, South African Medical Research Council (2017).

The current study found a lower average number of steps per day over seven days for males
(10 839) and females (8 378) than those for Moroccan adolescent males (11 558) and females
(8 869) (Baddou et al., 2018). The average number of steps per day reported for Indian
adolescent males (11 062) and females (9 619) (Contractor et al., 2014) and Canadian
adolescent males (12 100) and females (10 300) (Colley et al., 2011) were higher compared to
the adolescents in the current study. The significantly higher average step count for males
compared to females in the present study concurs with other researchers who found that males
take more steps per day than females (Colley et al., 2011; Contractor et al., 2014). Researchers
looked into translating 60 minutes/day MPV A into steps per day, and found that for adolescents
aged 12-17 years with 60 minutes/day of MVPA, 11 500-14 000 uncensored steps/day as
measured by an accelerometer, was optimal (Adams et al., 2013). When translated to a
pedometer-based scaling, it reduced these minimum values by 2 500 steps/day to 9 000 and
11 500 steps/day (Adams et al., 2013). Although the adolescents from the current study met
the pedometer-based scaled 9 000 pedometer steps per day (Adams et al., 2013), they did not
meet the US President's Council on Fitness, Sports, and Nutrition’s daily step goal of 12 000
steps per day for youth aged 6-17 years (President’s Council on Sports, Fitness and Nutrition,

2016), or at least 10 000-11 700 steps/day as suggested by other researchers (Tudor-Locke et
al., 2011). In sub-Saharan Africa researchers indicate that children and adolescents are
experiencing a PA transition that is marked by a decrease in levels of activity and increased
sedentary behaviour (Onywera et al., 2016). For instance, the Mozambique PA 2016 report
card indicates that only 36.8% of boys and 19.9% of girls completed more than 60 minutes per
day of MVPA (Prista et al., 2016), with 36% of Kenyan children reporting 60 or more minutes
of PA on three or more days per week (Onywera et al., 2012).

This study showed a statistically insignificant negative and weak association between the
average number of steps and females' BMI. A study on Polish female adolescents (Kantanista
et al., 2015) and another on Canadian female adolescents (Colley et al., 2011) found that
females who reached the recommended number of steps had a lower BMI than those females
who did not take a sufficient number of steps (Colley et al., 2011; Kantanista et al., 2015). The
statistically insignificant negative, weak association between the average number of steps and
BMI for males as well as for the whole group (i.e., the higher their BMI, the lower their PA
levels as reflected by their average number of steps per day) concurs with a Mauritian study
that established a negative, small and insignificant correlation between PA and BMI (Fokeena
& Jeewon, 2012). The current studies' findings agree with a study that found that in fully
adjusted models, there was no statistically significant prospective association between physical
activity and body composition (Hallal et al., 2012).

The present study showed a statistically insignificant positive, weak association between
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the BMI for females and SES. In this regard, Mizuta et al. (2016) showed that low SES was
significantly associated with high BMI z-scores among Japanese females. However, the current
study’s findings for the males contrast the results on Japanese males, where low SES was not
associated with high BMI z-scores (Mizuta et al., 2016). The statistically significant positive,
weak association between the BMI for the whole group and their low SES contrast the findings
on Mauritian adolescents, which reported a negative association between SES and BMI
(Fokeena & Jeewon 2012). This is also in contrast with an American study that found that low
SES was positively associated with being overweight/obese (Rogers et al., 2015).

The statistically significant negative, weak association between the average number of steps
taken over seven days for the females and their low SES, as well as the significant negative,
moderate association between the average number of steps and the low SES for the males and
the whole group (i.e., the higher their PA levels as replicated by their average number of steps
taken over 7 days, the lower their SES), are contrary to a review done by Stalsberg and Pedersen
(Stalsberg & Pedersen, 2010). Their review found that the majority of studies reported a
positive relationship between high SES and PA (Stalsberg & Pedersen, 2010). More than 40%
of the studies on adolescents found no differences in PA across SES categories, while a few
even reported opposite results with the low-SES group as more active (Stalsberg & Pedersen,
2010). However, the current study's findings correspond with a Swedish study that showed that
children from low-SES families were more physically active than their higher SES counterparts
(Beckvid-Henriksson et al., 2016).

The study’s findings have to be interpreted in the light of some limitations: First, the FAS
was conceptualised and validated in European contexts and there is no validity study for
African contexts in the literature. In an effort to ensure the schools selected represented high,
moderate and low SES schools, the schools included in the study were randomly sampled from
a list of all secondary schools in the two Zimbabwean provinces. Second, the data were
collected during the last term of the year when schools are more focused on preparing students

for exams, and as such extracurricular activities are reduced, adversely affecting the PA levels
of the participants.

CONCLUSION

The present study's findings reveal no association between Zimbabwean in-school adolescents'
BMI and their PA levels as reflected by their average number of steps per day over seven days,
and the higher their BMI, the higher their SES. It also showed that the higher their physical
activity levels, the lower their SES. This means that lower-income families in Zimbabwe might
be less at risk of developing non-communicable diseases such as obesity, as the current study
reports that Zimbabwean adolescents' BMI is positively associated with SES. The negative
association between physical activity and SES points towards a need for schools with high SES
adolescents to encourage adolescents to engage more in physical activities.
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