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GLOSSARY OF TERMS

Body Image: A degree of satisfaction with physical appearance (size, shape and general
appearance) (1), or how a person feels about his/her appearance (2).

Cardiorespiratory fitness: The ability of the body to transport and use oxygen during prolonged
strenuous exercises and/or work (3). In addition, cardiorespiratory fitness reflects the integrated
ability of the cardiopulmonary system to transport oxygen from the atmosphere to the mitochondria
for the purpose of performing physical work (4).

Exercise: A subset of physical activity that is planned, structured, and repetitive and has as a final
or an intermediate improvement and/or maintenance of physical fithess components, which are
health related fitness and skill-related fitness (5).

Exercise self-efficacy: Beliefs in one’s abilities to carry out the steps involved in performing
exercise, such as scheduling regular exercise sessions, completing physical activities, and
overcoming worries about exercise (6).

General self-efficacy: A universal construct that demonstrates the belief in one's competence to
cope with a broad range of stressful and/or challenging demands, whereas specific self-efficacy is
constrained to a particular task at hand (7).

Overweight and obesity: According to the World Health Organization (WHO), normal weight is
classified as body mass index (BMI) between 18.5-24.9kg/m?, while overweight is classified as
BMI 25-29.9 kg/m? and obesity is defined as BMI >30 kg/m?2. Obesity may be further categorised
into class 1 (30-34.9 kg/m?); class 11 (35-39.9 kg/m?) and obese class 111 (>40kg/m?) (8).

Physical inactivity: Failure to meet the World Health Organization’s physical activity (PA)
guidelines for adults comprising of 150-300 minutes (min) of moderate intensity aerobic PA or at
least 75-150 min of vigorous intensity PA or an equal combination throughout the week (9).
Self-efficacy: Individuals' beliefs in their capabilities to demonstrate control over challenging

demands and over their own functioning (7).
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ABSTRACT
Background: This thesis aimed to evaluate the effects of a 12-week combined (aerobic and
resistance) exercise training intervention on: i) the changes in physical behaviours and ii) body
image and self-efficacy. Lastly, iii) this thesis explored the perceptions and experiences of the

women after participating in the 12-week combined exercise training intervention.

Methods: Forty-five young (18-35 years) apparently healthy Black SA women living with
overweight and obesity were randomised into either an exercise (EXE; n=23) or a control group
(CON; n=22). The EXE group participated in 12-week aerobic and resistance supervised exercise
training (40-60 min/session, 4 days/week), while the control group maintain their usual physical
behaviour patterns. Generalized self-efficacy (GSE) questionnaire and Stunkard’s silhouettes were
used to measure general self-efficacy and perceptions of body image. Participants wore ActiGraph
and ActivPAL accelerometers simultaneously for 7 days to quantify physical activity (PA) and
sedentary behaviour (SB) at baseline, week 4, 8 and 12, considering all days, exercise days and
non-exercise days. Focus group discussions (FGDs) and in-depth interviews (IDIs) were conducted

to investigate the participants’ perceptions and experiences of the intervention.

Results: Thirty-five participants, EXE (n=20) and CON (n=15) completed the intervention. There
was a group X time interaction for body weight and CRF, whereby weight decreased by ~1 kg (p=
0.007) and cardiorespiratory fitness (CRF) increased by ~2.7 ml/kg/min (p=0.001) in the EXE
group only. Considering only exercise days, moderate-to- vigorous physical activity and total
physical activity (%) increased from baseline to weeks 4, 8 and 12 in the EXE group, but did not
change in the CON group (p<0.001 for group x time interaction). Daily steps accumulated during
the exercise days increased from baseline, (mean + standard deviation; 9429 + 4019 steps/day) to
week 4 (15050 + 3167 steps/day; p<0.001), week 8 (14780 * 4224 steps/day; p<0.001) and week

12 (15695 * 3550 steps/day; p<0.001), but did not change in the CON group (10131 + 4561
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steps/day). There was a significant decrease in SB (% of awake time) from baseline to week 12
(58.9 = 9.4% to 48.9 + 9.1%; p<0.001 for group X time interaction) among the EXE group

considering exercise days only.

Despite the average measured body mass index of 33.8 + 2.7 kg/m? for both groups at baseline,
31.4% of the women classified themselves as normal weight, 65.7% as overweight and only 2.9%
as living with obesity. None of the women perceived themselves as living with obesity after the
intervention. The Stunkard’s silhouettes showed that women from both groups presented with body
size discordance, such that at baseline, most participants desired a smaller body size and this did
not change in response to the intervention. A significant decline in general self-efficacy was
observed in both groups post intervention (p=0.021, time effect), and this did not differ between

groups (p=0.801, for group x time interaction).

Qualitative findings showed that weight loss (anticipated and actual) and financial remuneration
for travelling costs and time (nominal) were reported as motivators for enrolling and staying in the
intervention. Improvement in psychological wellbeing (improved mood and self-esteem) and
perceived level of self-efficacy were other reported benefits of the intervention. Lack of time,
distance to the training venue and limited transport to the training venue were some of the barriers

to attending the exercise sessions.

Conclusion: To the best of our knowledge, this is the first study in SA to show significant increases
in TPA and MVPA, with compensatory reduction in SB in response to combined exercise training
among women living with overweight and obesity. A clear indication that the overall changes in
the physical behaviour patterns among the exercise group were largely due to the participation in
the exercise sessions. Furthermore, the positive changes in physical behaviour patterns and CRF
experienced by the exercise group have the potential to improve the cardiometabolic health of this

population. In addition, findings from this thesis show promise of the positive impact of exercise
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on improving psychological wellbeing. Lastly, majority of the women in the study desired to be
smaller in body size, suggesting that these women may be receptive to health and weight-loss

exercise interventions.
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Chapter 1

Introduction
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1.1 INTRODUCTION

South Africa (SA) is reported to have the highest overweight and obesity prevalence in Sub-
Saharan Africa (SSA) (10). This prevalence is reflected in the latest South African Demographic
and Health Survey (SADHS) reporting that 68% of women and 31% of men were living with
overweight and obesity based on body mass index cut-points (BMI) (11). Notably, as many as
40.9% of Black SA women were living with obesity (11). This is despite the fact that majority of
Black SA women meet the World Health Organization (WHO) recommended physical activity
(PA) guidelines of 150 minutes per week (min/wk) of moderate intensity PA and are classified as
physically active (12-16). However, a large percentage of the PA accumulated by this population
is through walking for transport (12, 14), which is undertaken at a low-to-moderate intensity.
Research has also shown that less than a half of Black SA women participate in leisure time PA,

which is usually performed at higher intensities PA (13).

Leisure time PA, which may be achieved through structured exercise interventions, increases
moderate-to-vigorous intensity physical activity (MVPA) (17) and has also been associated with
reduced sedentary behaviour (SB) (18), and improvements in body composition (19),
cardiorespiratory fitness (CRF) (20, 21), perceptions of body image (22-24) and self-efficacy (6,
24) in women living with overweight and obesity. However, there is limited research from SSA
and low-resourced settings on this topic. Additionally, there is paucity of research reporting on the
barriers and facilitators that influence participation in a structured exercise programs among

women living with overweight and obesity from low-resourced settings.

Therefore, the overall aim of this thesis was to evaluate the effects of a 12-week combined (aerobic
and resistance) exercise training intervention on: i) the changes in physical behaviours and ii) body

image and self-efficacy in a sample of young Black SA women living with overweight and obesity
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from a low socio-economic setting. Lastly, iii) this thesis also explored the perceptions and
experiences of these women after participating in the 12-week combined exercise training
intervention. To the best of our knowledge, this is one of the first studies conducted among Black
SA women investigating the effect of a 12-week combined (aerobic and resistance) exercise
intervention on objectively measured physical behaviours. In addition, this is the first study to
explore the women’s perceptions and experiences of the exercise intervention and its effects on

perceived body image and self-efficacy.

This thesis comprises 7 chapters, with the first chapter being the introduction chapter, providing
an overview of the entire thesis. The second chapter of this thesis is a literature review discussing
the literature pertaining to the thesis topic with a particular focus on Black SA women as this is an
under-studied population who present with a high and increasing prevalence of overweight and
obesity. The literature review firstly describes the prevalence of overweight and obesity among
Black African women and then highlights the contributing socio-demographic and lifestyle factors
among this population. The review also summarises the various tools used to measure physical
behaviours, associations between overweight, obesity and physical behaviours and the effects of
exercise training on body composition and CRF. Within the review, | also highlight the gaps in
literature relating to the effects of exercise training interventions on physical behaviours,
perceptions of body image and self-efficacy among women living with overweight and obesity
from a low-resourced setting. Chapter 3 of this thesis outlines the ethical considerations, participant
recruitment processes, methods and measurement tools used to collect the data presented in this
thesis. The research chapters included in this thesis, including their aims, objectives and hypothesis

are outlined below.

Chapter 4
Aim: To investigate changes in PA and SB patterns in response to the 12-week aerobic and

resistance exercise intervention among women living with overweight and obesity from a low-
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resourced setting. The secondary aim was to determine the associations between changes in PA
and SB patterns with exercise dose and changes in CRF and weight.
Objectives: To examine the differences in PA and SB between the exercise and control group at

baseline (week 0), week 4, 8 and 12.

Hypothesis: We hypothesize that exercise training will increase total physical activity (TPA),
particularly MVPA, which may result in less time spent in SB among the exercise intervention

group compared to the control group.

Chapter 5

Aim: To determine the effects of a 12-week combined (aerobic and resistance) exercise training
on perceived body image and generalized self-efficacy in young Black SA women living with
overweight and obesity from low-socio-economic settings.

Objectives: To examine the differences in perceived body image and generalized self-efficacy
between the exercise and control group pre and post the 12-week intervention.

Hypothesis: We hypothesize that the 12-week combined exercise intervention will result in
improved perceived body image and generalized self-efficacy in the exercise group when

compared to the control group.

Chapter 6

Aim: To explore the perceptions and experiences following a 12-week structured exercise
intervention in a group of young Black SA women living with overweight and obesity from a low
socio-economic setting.

Objectives: To investigate the barriers and facilitators that influenced participation and adherence
to the exercise intervention.

Hypothesis: We hypothesized that the participants would have encountered a positive experience

from the 12-week exercise intervention.
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The final chapter of this thesis (chapter 7) synthesises and discusses the main and significant
findings from the three chapters, integrating these findings with the available literature. This
chapter also discusses the strengths and limitations of the research conducted and
recommendations for potential future research. All the scientific sources cited in this thesis are
listed under the references list and all documents used either for ethics approval and data collection

are included as appendices.
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CHAPTER 2

Literature review
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Research articles for this narrative review and the various chapters included in this thesis were
identified by means of a computerised search in the health sciences online library databases
including MEDLINE (Ovid), PubMed, EBSCOHOST and GOOGLE SCHOLAR. Various
combinations of the following key words ‘Prevalence of overweight and obesity in adults’;
‘Contributing risk factors to overweight and obesity’; “Tools to measure and quantify PA and
sedentary behaviour’; ‘Habitual PA in adults’, ‘Sedentary behaviour in adults’; ‘Changes in PA
OR SB in adults’; ‘Lifestyle interventions among adults’; ‘Body image in adults’, ‘Self-efficacy in

adults’; ‘Perceptions OR experiences of a lifestyle intervention’.

2.1. PREVALANCE OF OVERWEIGHT AND OBESITY

Overweight and obesity are a growing health concern globally and are reported to be associated
with numerous chronic diseases, such as type diabetes mellitus (T2DM), cardiovascular diseases
(CVD) (25), insulin resistance (26) and metabolic syndrome (MetS) in adults. According to the
World Health Organization, in 2016, more than 1.9 billion adults were living with overweight or
obesity with a BMI >25 kilograms per square meter (kg/m?) (10). Global projections by the recent
World Obesity Atlas indicate that 1 in 5 women and 1 in 7 men will be living with obesity by 2030
(27). Furthermore, the World Obesity Atlas indicates that the greatest number of people with
obesity live in low-and middle-income countries (LMICs) (27). Notably, within the African region,
1in 5 women (20.4%) and 1 in 13 men (7.8%) are predicted to be living with obesity (>30kg/m?)
by 2030 (27). This is of relevance as ~23% of daily preventable non-communicable diseases
(NCDs) and 22% of deaths are attributed to high BMI in the African region (27). South Africa is
reported to have the highest overweight and obesity prevalence in SSA (10). Additionally, it is
predicted that by 2030, SA will have a 50% increase in obesity, which is expected to be the highest

in SSA (27).
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Previous research by Bradshaw and colleagues show that there is an increasing prevalence of
overweight and obesity among SA adults 20 years and older between the year 2000 and 2012, with
BMI increasing from 27.2 kg/mz2 in 2000 to 29.4kg/m2in 2012 among women (28). Similar findings
were reported from a study that analysed three SA national cross-sectional surveys, where the
prevalence of obesity was reported to have increased from 23.5% in 2008 to 27.2% in 2012
(p<0.001) among women (29). Comparatively, the prevalence of obesity in men increased from
11.1% in 2008 to 13% in 2012 (29). The 2016 SADHS reported an alarming prevalence of 68%
overweight and obesity among women compared to the 31% prevalence of overweight and obesity
among men (11). Furthermore, findings from the 2016 SADHS showed that compared to other
ethnicities, Black SA women presented with the third highest prevalence of overweight (26.5%)

and obesity (40.9%) (11) (figure 1)
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Figure 1: Prevalence (%) of overweight and obesity in SA adult women (SADHS 2016)
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Several cross-sectional studies have also reported on the high prevalence of overweight and obesity
among young Black SA adults (16), premenopausal SA women (30, 31) and middle-aged women
(241 years) (14, 32, 33). Prioreschi and colleagues reported a prevalence of 26% overweight and
9% obesity among young SA adults (19-20 years) from the Birth to Twenty (Bt20) cohort study
(16). Similar findings were reported from the caregivers of the Bt20 cohort study, where (50.1%)
of participants were classified as living with obesity (30). Findings from the above-mentioned
cross-sectional studies evidently demonstrate a high prevalence of overweight and obesity among
Black SA women. Thus, it is imperative to understand the causes of the high prevalence of obesity
in this population and to implement effective preventative measures such as modification to

lifestyle behaviours (promoting and increasing PA).

2.2 SOCIO-DEMOGRAPHIC AND LIFESTYLE FACTORS THAT CONTRIBUTE TO
THE PREVALENCE OF OVERWEIGHT AND OBESITY

Various sociodemographic and lifestyle factors have been associated with the high and increasing
prevalence of overweight and obesity among Black SA women. These contributing factors include
but are not limited to, socioeconomic status (SES) (31, 34-38), PA (12, 14, 35, 39, 40), SB (14, 41)
, and perceptions of body image (42-49). Socioeconomic status is defined as a combined economic
and sociological measure of a person's position within a social hierarchical structure, based on
income, education, and occupation (50). According to Berkam and colleagues (51), there is a
“gradient” in health across the SES hierarchy, such that the lower an individual’s position in the
occupational hierarchy of a workplace and level of education, the worse their health status. Hence
some authors suggest that overweight and obesity should be considered as a socially-generated
disease and an indicator of socioeconomic disadvantage (52). Low SES is not only a phenomenon
experienced in low-income countries (LICs) and LMICs, but it is also experienced in high-income

countries (HICs) such as the United States of America (USA) (53). Findings from the Black
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Women’s health Study in the USA monitoring weight change among 48 359 women aged between
21-69 years reported that lower neighborhood SES was significantly associated with 10-year
weight gain after adjustment for individual SES and behavioral variables, such as caloric intake

and PA (53).

Insufficient PA has consistently been reported as one of the major contributing factors of
overweight and obesity (54, 55). Cultural norms and fewer opportunities to access safe, affordable
and appropriate opportunities to be active are cited as some of the contributing factors to
insufficient PA amongst populations from a low-resourced setting (56). Women living with obesity
from a low-resourced setting perceive increased crime rates in their neighbourhood as the reason
for not engaging in physical exercise or play during the day (57, 58). Malambo and colleagues
found that fear of walking for leisure due to high levels of crime was one of the contributing factors
to living with overweight/obesity (OR = 2.41; 1.09-5.29) among adults residing in a low-resourced
suburb in Cape Town, SA (57). Similar findings were reported by Zhifei and colleagues, where
perceived unsafety during the day was associated with lower odds of physical exercise in both men
(OR=0.776, p <0.001) and women (OR=0.874, p <0.001) residing in the Gauteng province of SA
(58). The negative influence of unsafe neighbourhood in low-resourced settings in SA suggest that
safe exercise enviroments need to be considered for this population. This could possibly result in
changes in physical bevahiours such as increases in leisure time PA and reductions in SB and

decreased prevelance of living with overweight and obesity among this population.

Dietary intake (59-61) and food security (62, 63) are also some of the most important contributing
factors to the increased prevelance of overweight obesity in low-resourced communities. Food
security is described as a situation that exists when all people, at all times, have physical, social
and economic access to sufficient, safe and nutritious food that meets their dietary needs and food

preferences for an active and healthy life (64). While food insecurity is understood to mean
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“insufficient access to food” or hunger (65). Food insecurity has been reported to be associated
with diet quality even in HICs such as France, and includes the consumption of high dense energy

food that are affordable but provide little nutritional value (66).

Recent findings from an SA study comprising of young (18-25 years) women from a low
socioeconomic setting reported that only half of the women were consuming healthy foods such
as fruit, vegetables and fish at least once per week (67). In addition, findings from the above-
mentioned study reported an association between food insecurity and low diet quality and diversity,
but showed no association with body size (67). Similarly, recent findings by Ware and colleagues
found that young Black SA women from a historically disadvantaged township were frequently
exposed to household food insecurity (62). The cost of a healthy diet in SA is 69% more expensive

than an unhealthy diet (68), therefore, making a healthy diet unaffordable for most South Africans.

Findings from a review on socio-cultural, environmental and behavioural determinants of health
in Black SA women reported that the most convenient place to purchase food is from informal
vendors who sell inexpensive and less varied foods of poor quality (59). These findings are echoed
by Nedzingahe and colleagues in a recent cross-sectional study aimed at understanding food
environments, food choices, food security and nutrition transition among a population from a low
socioeconomic setting in Limpopo, SA (69). Dietary intake and quality of diet are associated with
overweight and obesity in adults (70, 71), including women and young adults from a low socio-
economic setting in SA (72, 73). However, the association between the dietary intake and/or quality

of diet and obesity is beyond the scope of this thesis.

27 |Page



2.3 PHYSICAL BEHAVIORS

Physical behaviours, collectively described as PA and SB (74), are modifiable lifestyle behaviours
(12, 14, 35, 39, 40). Physical activity is defined as meeting the World Health Organization’s PA
guidelines for adults comprising of 150-300 minutes (min) of moderate intensity aerobic PA or at
least 75-150 min of vigorous intensity aerobic PA or an equal combination throughout the week
(9). Physical activity also encompasses of exercise, sports, and physical activities executed as part
of daily living, occupation, leisure and active transportation (75).While SB is defined as activities
that do not increase energy expenditure substantially above the resting level and includes
behaviours such as sitting and laying down (76). Physical activity can be classified into various
intensities including light, moderate and vigorous. Metabolic equivalents (METS) are a measure of
energy cost equal to an oxygen consumption of 3.5 millilitres per kilogram per minute (mL.kg™.
mint) resting energy expenditure during lying in adults (3, 77). In addition, METs in minutes per
week (min/wk) can also be classified as low, moderate or high (78) and is used as reference
thresholds to define light, moderate and vigorous intensities (79). With light intensity physical
activity (LIPA) equivalent to 2-3 METs and moderate intensity PA (Mod PA) equivalent to 3-6
METs, vigorous intensity PA (Vig PA) >6 METs (79) and (MVPA) >3 METSs (80), while SB is <
2 METs (76). Light intensity physical activity is defined as the intensity range between SB and
moderate intensity, comprising of activities with 1.5-2.9 METs (81). Moderate-to-vigorous
intensity physical activity is a combination of Mod PA and Vig PA (9, 79) and is often expressed
as METs (82). The MVPA METs cut-points vary, with the updated recommendations for adults
from American College of Sports Medicine (ACSM) and American Heart Association indicating

>3 METs for MVPA for all ages (79).

According to the latest 2020 WHO PA guidelines, all healthy adults (18-65 years) should
accumulate between 150-300 min of moderate-intensity aerobic PA or at least 75-150 min of

vigorous-intensity aerobic PA; or an equivalent combination of MVPA throughout the week (9).
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Additionally the WHO guidelines recommend limiting the amount of time spent in SB and
replacing sedentary time with PA to help reduce the detrimental effects of high levels of SB (9).
Unfortunately, there is still insufficient evidence to set time-based guidelines on SB (83). This is
despite calls as far back as 2008 to introduce public health guidelines on prolonged sitting (84).
High-income countries such as Australia (85), Germany (86), New Zealand (87) and Canada (88)
have included SB guidelines in their national public health PA guidelines for children, youth (88)

and adults (86, 87). However, there are no current guidelines relevant to the African continent.

2.3.1 Measurement tools and methods used to quantify physical behaviours

Various methods and equipment are used to measure and quantify physical behaviours, these
include commonly used subjective tools (questionnaires) such as the International Physical
Activity Questionnaire (IPAQ) (89) and the Global Physical Activity Questionnaire GPAQ (78,
90). Both the IPAQ and the GPAQ have been validated in the SA population (91). The GPAQ has
shown to overestimate PA levels in adults (24-64 years) (92) and is reported to be a less valid
measure of changes in PA patterns and SB in comparison to the ActiGraph (90) and ActivPAL
(93) accelerometers. The use of a questionnaire for self-reporting PA and SB is also susceptible to

recall bias (94), and false reporting due to cultural norms and perceived social desirability (95).

The ActiGraph and ActivPAL accelerometers are the most commonly used objective measures of
PA and SB (96), respectively. It is recommend that at least 7 days of monitoring be obtained for
reliable estimates of habitual time spent ‘inactive’ by adults (97). However, 3-5 days of
accelerometer monitoring is sufficient to estimate habitual PA in adult populations at a reliability
level of 0.80 (98). The ActivPAL is reported to be accurate in detecting and quantifying sitting,
standing, and stepping time (99). While the ActiGraph provides acceleration in three individual
orthogonal planes; vertical (VT) anterior-posterior (AP), and medio-lateral (ML) and provides

activity counts as a composite vector magnitude of these three axes, tri-axial vector magnitude
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(VM3) (100). Furthermore, the ActiGraph accelerometer provides an objective estimate of multiple
PA intensities, which include LIPA, Mod PA, Vig PA and MVPA (101-103). The amount of PA
measured by the accelerometer is presented in counts per minutes (cpm) that is calculated from the
raw data (102). The major advantages of using objective measures of physical behaviours as
opposed to subjective measurement tools is the high reliability and validity (95). Furthermore, both
the ActiGraph and ActivPAL accelerometers have been widely used in research to investigate the
association between physical behaviour patterns, overweight and obesity among adults in both
HICs (104, 105) and LMICs (39, 103, 106, 107). Physical behaviour patterns derived from both
accelerometers can provide researchers with the appropriate PA intensity and SB recommendations

for curbing the rise in the prevalence of overweight and obesity.

It is important to note that the utilisation of objective tools such as the accelerometers do not come
without limitations which include the high expense and increased burden on the participant from
wearing the devices (95, 108). Furthermore, the various accelerometers present with some
limitations. The limitation of the ActiGraph is the inability to detect body postures, thus cannot
distinguish between sitting and standing (109) and inaccuracies may occur from estimating
sedentary time from ActiGraph due to the misclassification of standing activity as sitting (110).
Additionally, the ActiGraph is reported to underestimate sitting time by 4.9% when compared to
the ActivPAL, which underestimates sitting time by only 2.9% (111). In addition, the ActivPAL
accelerometer is said to be more accurate than the waist- and wrist-worn ActiGraph accelerometers
for determining both sitting and standing activities (99). Therefore, the ActivPAL is considered a
more reliable measure of SB, while the ActiGraph is considered a more reliable measure of PA
intensity. Thus, wearing ActiGraph and ActivPAL accelerometers simultaneously is advantageous
as it helps overcome each other’s limitations and improves the accuracy and reliability of PA and
SB data. Recommendations from literature suggest that sleeping time be excluded from

calculations of sedentary time when recording SB (112). However, other researchers conclude that
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the removal of sleep time from SB reporting possibly influences the results, thus consequently
increasing uncertainties and reducing robustness of the data (113). Nonetheless, recording of sleep
while assessing SB in adults using the thigh-worn ActivPAL4™ monitor has been used in previous

research (114).

Various ActiGraph cut points have been proposed and used to distinguish between SB, LIPA, Mod
PA, Vig PA and MVPA in adults. Table 1 below provides a selected summary of the various
ActiGraph physical behaviour cut points that have been documented in scientific literature.
Majority of the studies classify ActiGraph-derived SB as <100 cpm (16, 39, 80, 115-118) for
adults. However, there is less consensus regarding the ActiGraph derived LIPA for adults, with
some studies classifying LIPA as 100-1951 cpm (39, 116, 117), while others classified it is as 100-
760 cpm (118) and other as 100-2019 cpm (16). Similarly, various ActiGraph-derived cut points
are reported for Mod PA for adults, with some studies classifying Mod PA as 1952-5724 cpm (80,
117, 118), while others classified it as 2020 cpm (102), 2020-2998 (16) and 2690-6166 cpm for
those using a vector magnitude of three axes (100). Additionally, Vig PA is commonly classified
as >5725 cpm in some studies (80, 117, 118) and 5999 cpm in others (16, 119). It is important to
note that findings from a research study aimed at developing ActiGraph accelerometer tri-axial
vector magnitude cut points to classify PA intensity have not classified Vig PA, but have classed
this category as hard PA intensity with 6167-9642 cpm and very hard PA intensity with >9642
cpm (100). Only one study indicated ActiGraph-derived cut points for MVPA of >1952 (116). The
normal trend observed in literature is the combination of moderate and vigorous intensity to derive

MVPA (102).

In SA, various physical behaviour ActiGraph derived cut points have been used among adults, with
most researchers classifying SB as <100 cpm (16, 39, 118) and varying cut points for LIPA ranging

from 100-1951 cpm (39), 100-2019 cpm (16) and 100-760 cpm (118). Similarly, varying cut points
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have been used among SA adults for moderate and vigorous intensity (16, 118). With some
researchers further dividing moderate intensity to either level 1 (760-1951cpm) or level 2 (1952-
5724 cpm) (118). On the other hand, another SA study among adults used a MVVPA cut point of
1952-5724 cpm (39). Even though there appears to be no consensus in the MVPA cut points, these
cut points are helpful in categorising PA intensity accordingly during the initialisation of the
accelerometers prior to data collection and also during the data analyses. Nonetheless, there
appears to be a consensus in the SB cut points being below <100cpm. However, there is an
argument that cut point based analyses only makes use of limited wealth of data derived from
accelerometers (109). Recent PA research reports from SA have summarised physical behaviour
using the raw data from hip worn ActiGraph and thigh worn ActivPal into a combined total

movement volume (ENMO), expressed in milli gravitational (107, 120, 121).

In addition, some international studies included in table 1 show that some researchers investigated
the relationship between accelerometer counts and measured oxygen consumption to develop VM3
cut-points for moderate, hard and very hard intensity PA in adults (100, 122). Tri-axial vector
magnitude cut-points for PA intensity classification by Sasaki and colleagues from a study
conducted among young adults ( £ 26.9 years) was 2690-6166 cpm for Mod PA, 6167-9642 cpm
for hard intensity PA and >9642 for very hard intensity PA (100). The above-mentioned study also
determined the VM3 cut-points by imputing METs values for the various intensities, with 3-5.99
METSs for moderate, 6-8.99 METs for hard and > 9 METs for very hard (100). While another study
aimed at determining VM3 cut-points in a similar age group derived different cut-points for the
various intensities with 0-4572 cpm for LIPA, 4573-6786 cpm for Mod PA and >6787 cpm for

Vig PA (122).
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Table 1: Summary of ActivPAL and ActiGraph accelerometer cut-points for physical behaviours in adults from various research settings

To assess the levels - Country: Cross- -ActiGraph MTI -Free living -Uniaxial -60 sec -SB: <100cpm | -Average intensity, Hagstromer
and pattern of physical | Sweden sectional study | Model 7164 Environment | Accelerometer -Mod MVPA was lower with M, etal.,
activity and -N=1114 (Manufacturing Measures PA:1952-5724 | higher age or BMI [2007];
inactivity in an adult adults (56% Technology Inc., & records -Vig -Objectively obtained (80)
population women), Fort Walton Beach, vertical PA:>5724 estimates of PA
Age: 45+ 15 FL) acceleration -Cut-off points | yielded lower values
yrs were from the | than self-reports.
Freedson 1998

To describe Country: Longitudinal -ActiGraph -Free living | - -60 sec -SB: <100 -The most sedentary Matthews
the amount of time USA study accelerometer Environment cpm (7.7 hrs /day) groups C.E, atal.,
spent in overall SB in | -N=6329 (2003-2004) were older adolescents [2008];
the United States, by -Age: >6yrs and adults aged >60 (115)
gender, age, and yIs.
racial/ethnic group
To explore the - Country: Experimental | -7164 cpm -Exercise -Uniaxial -60 sec -LIPA: 0-4572 | - Strong relationship Miller N.E,
relationships between | not disclosed ActiGraph treadmill accelerometer cpm - Mod (r=0.90; p<0.001) etal., [2010];
accelerometer counts | - N=90 PA: 4,573- between accelerometer (122)
and measured oxygen | -Age: 6786 cpm counts and measured
consumption across a | 29yrs(N=30) - VigPA: > VO, values during
heterogeneous group 49yrs(N=30) 6787 cpm walking and running
of adults across a wide | 69yrs(N=30) across all age groups.
range of ages - No differences in

counts per minute

across age groups

across speed.
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To compare activity -Country: Experimental | -ActiGraph GT3X | -Exercisedat4 | — ---------- -1sec -VM3 cut- -Oxygen consumption Sasaki J, et
counts from the USA treadmill points data was conducted to al.,
ActiGraph GT3X to -N=50 speeds (4.8, -Mod PA: develop [2011];
those from the adults (N=28 6.4, 9.7, and 2690-6166 VM3 cut-points for (100)
ActiGraph GT1M men; N=22 12kmh™). cpm(4.8km/h) | moderate, hard and
during treadmill women) GT3X was -Hard very hard PA.
walking/running. -Age initialized to PA:6167-9642 | -AP and VM2 activity
+26.9+7.7 collect data in cpm (6.4km/h) | counts from the GT1M

To develop tri-axial yrs the VT, -V. hard PA: were significantly
vector magnitude AP& ML >9642 cpm higher (p<0.01) than
(VM3) cut-points to planes (9.7km/h) those from the GT3X
classify PA intensity. GT1iM at 4.8, 9.7 and

initialized to 12kmh™,

collect data in -VM3 cut-points may

VT & AP be used to classify PA

planes in future studies.
To investigate the -Country: Cross- - ActiGraph MTI -Free Living | = - -60 sec - SB:<100 - LIPA- but not DickieK, et
independent SA sectional study | 7164 environment cpm MVPA was inversely al.,
associations of -N=76 - LIPA: 100- associated with trunk [2015]
physical activity, -Age: 18-45 1951 cpm FM (r=-0.25, P= 0.03). (39)
cardiorespiratory yrs) -MVPA:1952— | - SB was associated
fitness, and sedentary | - Black 5724 cpm with TG (r= 0.36, P=
time on body women Vig PA: 5725- | 0.01) and TG/ HDL-C
composition and 9498 cpm (r=10.34, P=0.04),
cardiometabolic risk Very vig PA: | independent of body
factors for CVD and > 9499cpm fat.

T2D in Black South
African women.

- Cardiorespiratory
fitness was inversely
associated with body
fat % (r=-0.34, P=
0.02), central FM (r=-
0.31, P=0.03), VAT
(VAT, r=-0.47, P<
0.01), and (HOMA-IR;
r=-0.41, P=0.01).
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To examine the
associations of four
mutually exclusive
categories of
objectively measured
physical activity and
sedentary time on
markers of
cardiometabolic health

- Country:
UK

-2008 Health
Survey for
England
dataset
-N=2132
-Age: > 81
yrs

Cross-
sectional study

-ActiGraph GT1M

-Free Living
environment

-60 sec

-SB: <100
cpm

-LIPA: 100-
1951 cpm
-MVPA: >
1952cpm
-MVPA time
in >10 min
bouts,
allowing for a
2 min
exception in
the intensity
threshold

- Busy Bees:
Physically active
(>150min/wk) & | ST
51.13+1.46 min/d of
MVPA,; 417.2 £3.62
min/d of SB; 394.9+
3.16 min/d of LIPA.

- Sedentary exercisers:
Physical active (>150
MVPA) & 1 ST
44+0.80 min/d of
MVPA,; 564.5 £2.68
min/d of SB; 260.5
+1.88 min/d of LIPA.
- Light movers:
Physically inactive
(<150min/wk) & | ST
13.2+0.39 min/d of
MVPA,
435.5+3.84min/d of
SB; 396.2 £4.35 min/d
of LIPA.

- Couch potatoes:
Physically inactive
(<150min/wk) & 1 ST
9.7+0.22 min/d of
MVPA,; 595.7 £2.39
min/d of SB; 245.9+
2.47 min/d of LIPA.

- In comparison to
Couch Potatoes, Busy
Bees, Sedentary
Exercisers & Light
Movers had more
favourable health
markers.

Bakrania A,
etal., [2016];
(116)
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To describe fitness, -Country: Observational | -ActiGraph GTAM | -Free Living |  ------—-- -60 sec -SB <100 cpm | - Men had a Prioreschi A.
and objectively SA study environment -LIPA 100- higher VO2maxVs. etal.,
measured physical - N=256 2019 cpm women (41.9(41, 43) [2017];
activity levels and -Age: 19- -Mod PA: Vs (32.6 (32, 33)) (16)
patterns in young 20yrs 2020-5998 mlO2/kg/min;
Black SA adults from | - N=137 men cpm, p <0.001).
Soweto -N =119 equivalentto 3 | -Men spent more time
To examine women METs in MVPA vs. women
associations -Vig PA: > (83(80, 94) vs 43(38,
between physical 5999 cpm, 45) min/day, p <
activity, fitness and 0.001.
BMI. - Men spent less time
in SB vs. women
(541(541, 567) vs
575(568, 597)
min/day, p < 0.01.
To develop a method -Country: Cross sectional | - ActiGraph -Free Living - Triaxial - 80 and - Standing: - Movement volume Micklesfield
of combining hipand | SA study GT3X+ environment accelerometer | 20 Hz thigh pitch < = | was 15.0 £6.5 mg for L, etal.,
thigh accelerometery - N= 357 - ActivPAL - -70° men and 12.2+ 3.4 [2022]
signals to quantify women Dynamic | - Sitting/lying: | mg for women (120)
and describe physical | - N=437 rangeof+6 | thigh pitch: - Men spent more time
behaviors in middle- men gand +2g | >70° in MVPA and
age South African men | - Age: 53.7+ for the hip | - LIPA: sitting/lying
and women. (6.3) yrs and thigh | ENMOnp < - Women spent more
worn 70mg time standing.
accelerom | - LIPA: - Men living with
eter ENMOhnigh overweight or obese
- Record | <105mg spent less time in
raw - MVPA: MVPA compared to
triaxial ENMOhp >= those who were
accelerati | 70mg normal weight.
on - MVPA: - Women living with
ENMOumigh>= | overweight or obese
105mg spent less time in

LIPA and more time
sitting/lying compared

36|Page




to those who were
normal weight.

To investigate free- -Country: Cross sectional | - ActiGraph -Free Living -Uni-axial | --—--—-- -SB: 0-99 - Average step volume | Cook I, et al.,
living, accelerometry | SA study environment accelerometers counts/min was 13.568 steps/day. [2022]
derived step cadence -N =122 -LIPA: 100- - = 45% of daily steps (118)
and walking among under-normal 760 was accumulated in
Rural South African weight counts/min the low-to-moderate
women -N=141 moderate intensity range (760—
overweight- activity Mod 1951 counts/min).
obese intensity 1: - 75% of steps were

760-1951 accumulated in bouts >

counts/min 15 min.

- Mod - > 85% of participants

intensity 2: were classified as

1952-5724 active-to-highly active.

counts/min

- Vig intensity:

>5725

counts/min)
Explored the -Country: Cross sectional | - ActiGraph -Free Living - Triaxial - 80 and - Standing: -Reallocating 30 min Mendham A,
associations between SA study GT3X+ (hip worn) | environment accelerometer | 20 Hz thigh pitch < = | of sitting/lying to 30 etal.,
physical behaviours -N=308 - ActivPAL - -70° min of MVPA was [2022]
and total and regional | women (mid-thigh) Dynamic | - Sitting/lying: | associated with 1.0% (107)
adiposity N= 384 men rangeof+6 | thigh pitch: lower FM in men.
Examined how Age:41- gand +2g | >70° - Reallocation of 30
reallocating time in 72yrs for the hip | - LIPA: min of sitting/lying to
different physical and thigh | ENMOp < MVPA and 30 min of
behaviours was worn 70mg standing to MVPA

associated with total

were associated with a
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body fatness in men accelerom | - LIPA: 0.3% and 1.4% lower

and women from a eter ENMOhign FM in women
low-income setting - Record | <105mg
raw - MVPA:

triaxial ENMOp >=
accelerati | 70mg

on - MVPA:
ENMOtigh>=
105mg

Abbreviations and signs : Sample size (N); Hertz (Hz); Interclass correlation (ICC); Hertz (Hz); Body Mass Index (BMI); High-density lipoprotein cholesterol (HDL-C); Triglyceride
(TG); Correlation (r); Years (yrs); Physical activity (PA); Waist circumference (WC); Visceral adipose tissue (VAT), Fat mass (FM); Anterior Posterior axes (AP); Euclidean Norm Minus
One (ENMO); gravitational (g); Hours (hrs) Vector Magnitude of two axis (VM2); Vector Magnitude of three axis (VM3); Counts per minute (cpm); Vertical plane (VT); Maximal
oxygen uptake (VO2nmax ); Millilitres of oxygen per kilogram in one minute (mlO2/kg/min); Sedentary Behaviour (SB); Physical activity (PA); Light intensity physical activity (LIPA);
Moderate intensity physical activity (Mod PA); Moderate-to-vigorous intensity physical activity; (MVPA); Milligravitational (mg); Vigorous intensity physical activity (Vig PA), United
States of America (USA); United Kingdom (UK); South Africa (SA); Decrease (|); Increase (1); Less than (<); Greater than (>)
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2.3.2 Physical behaviour patterns of adults

Globally, it is reported that more women than men (32% vs. 23%, respectively) are not meeting
the PA recommendations (123). According to the 2018 technical package for increasing PA
prepared by the WHO, 26% of the populations from MICs were not meeting the PA
recommendations in 2016 (123). In the African region, 17.3% of men and 24.4% of women are
not meeting the PA recommendations (124). Within SA, a higher percentage of women (51.6%)

than men (42.2%) are reported to not be meeting the PA recommendations (124).

Research studies in both young and middle-aged Black SA women from low-resourced settings
showed that the majority of women were meeting the PA guidelines according to the GPAQ (12-
15, 125). Results from a longitudinal study (follow up after 5.5 years) by Dickie and colleagues
including 240 apparently healthy Black SA women (26 + 7 years) reported that 61% of women
were classified as meeting the MVVPA guidelines according to GPAQ (12). Most of the PA was
accumulated through walking for transport, which is undertaken at a low to moderate intensity
(12). The prevalence of meeting PA recommendations was also found to be high (80.5%) in middle
aged Black SA women from a low-resourced setting, with majority of the PA time (54%) spent in
transport-related PA and only 13.9% in leisure time PA (15). Gradidge echoed similar findings in
a cross-sectional study of 977 Black SA women (mean age 41.0 £ 7.84 years) from the Bt20cohort,
where 67% of the women were classified as active according to GPAQ criteria (14). The domain
that contributed most to overall weekly PA was walking for transport, with only 45% of women
participating in leisure time PA (14). Prioreschi and colleagues also found that most (86%) young
(18-25 years) Black SA women from a low-resourced setting met the 150 min/wk PA guidelines
through walking for transport, which is usually accumulated as low to moderate intensity, with less

than half the women participating in leisure time PA (13).
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Lastly, a cross-sectional study using GPAQ derived data in Black SA urban (n =510) and rural (n
=509) dwelling women (18-23 years) found that MVVPA was significantly lower (p<0.001) in the
urban (median and interquartile range: 420 (160-900) min/wk) women compared to rural women
(1680 (970-2580) min/wk) (125). Women living in urban areas spent 1 hour (hr) more sitting per
day (6 hours per day (hrs/d)) compared to women living in rural areas (5 hrs/d) (125). Findings
from the above-mentioned studies provide a snapshot of the PA patterns of Black SA women.
However, for all of the above-mentioned studies, subjective measures of PA such as the GPAQ
were used and objectively measured PA using accelerometers are more accurate when quantifying

time spent in physical behaviours.

ActiGraph accelerometer derived PA findings from a five country study including Africa origin
populations from the USA, Ghana, Jamaica and Seychelles and SA, showed that SA women were
spending more time in 10 min bouts per day (bouts/d) of SB (61.02 + 37.70) and less time in 10
min bouts/d of LIPA (93.24 + 51.33) when compared to women from the other countries (103).
However, SA women recorded more time in 10 min bouts/d in MVPA (10.17 £+ 10.14) in
comparison to women from USA, Ghana, Jamaica and Seychelles, with Ghanaian women
recording the highest 10 min bouts/d in MVPA (11.79 £ 12.70) (103). Furthermore, accelerometer-
derived PA results by Prioreschi and colleagues showed that young Black SA women (19-20 years)
from a low-resourced setting in SA spent 9.6 (9.5, 10) hrs/d in SB, 132 (126, 140) min/d in LIPA
and 43 (38, 44) min/day in MVVPA (16), an indication that these women are meeting the WHO PA
recommendations, but are still engaging in large amounts of SB. Another SA study investigating
free-living ActiGraph accelerometery-derived step cadence and walking strategy parameters in 263
adult women (19-56 years) from a low-resourced setting showed that the women achieved ~13,568
steps/day, with approximately 45% of daily steps accumulated in the low-to-moderate intensity
range (118). Similar findings were reported in young and middle-age (45 years) Black SA women

from a low-resourced urban setting, where over half (55.3%) of the women recorded an average of
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>10,000 accelerometer measured steps per day (steps/d) (39). However, these women spent
majority of their awake time (59.4%) in SB (~8.5 hrs/d) (39). Cook and colleagues also showed
that over 45% of Black SA women (30-59 years) from a rural low-resourced setting achieved more
than >10,000 steps/d, with a high percentage (86.6%) of the women meeting and exceeding the
150 min/wk PA guidelines, achieving as high as 450 min/wk of MVPA (106). Only 13.3% of the
women from the above-mentioned study were classified as not meeting the guidelines (106), three
times less than that observed from urban dwelling women from another study comprising of a
similar population (39). These results show that the majority of urban dwelling women living in
low-resourced communities are meeting PA guidelines, with only a small percentage of rural

dwelling women not meeting the guidelines.

The difference in physical behaviours among rural and urban dwelling Black SA women has been
reported previously (120, 126, 127). Findings by Cook and colleagues showed that Black SA rural
women were less sedentary (780 £10 min/d)in comparison to urban women 842 +40 (70.5 +2.3)
min/d and accumulated greater amounts of daily >10 min bouts of MVPA (53 +4 min/d) in
comparison to urban dwelling women (33 £15 min/d) within a particular count band of 760-1951
cpm (126). Similarly, physical behaviours differed in Black women aged 31-36 years from urban
and rural areas in Limpopo, SA (127). Urban dwelling women spent 56 min/d in MVPA and 18
hrs/d in sedentary time, compared to rural women who spent 110 min/d in MVPA and 15 hrs/d in
sedentary time (127). Recent research findings conducted among middle-aged adults from a low-
resourced SA community using both the ActivPAL and ActiGraph accelerometers showed that
women living with overweight and obesity spent less time in LIPA and more time in sedentary in
comparison to normal weight participants (120). Even though there is an emergence of research on
the importance of breaking up sedentary time, there appears to be paucity of research reporting on
ActivPAL-derived SB patterns such as sit-to-stand transition in SA, particularly among Black SA

women. There also appears to be limited research highlighting the importance of reducing
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sedentary time as a preventative measure to curbing overweight and obesity, including reports from

SA national survey.

Understanding how PA is accumulated is critical when monitoring a population’s compliance with
specific PA guidelines (108). This information could help researchers better link PA exposure to
health outcomes such as increased overweight and obesity, which has been reported in literature.
Studies reporting on the subjective and objectively derived PA behaviours among Black SA
women presented in this review of the literature show that women from both rural and urban
dwelling areas meet the recommended PA guidelines via high volumes of LIPA according GPAQ,
but still partake in large volumes of SB. Moreover, Black SA women are less likely to participate
in leisure time PA which are usually performed at higher intensities (2). On the other hand, the
accelerometer derived physical behaviour findings show that urban dwelling women accumulate
less PA and spent more time in SB in comparison to rural dwelling women. The difference in the
physical behaviour patterns among the urban and rural dwelling women might be due to the
environmental differences in the transport related PA between the urban and rural areas in SA
(128). Furthermore, the selected summary of literature on the physical behaviours of Black SA
women from a low-resource setting highlight the need to implement intervention opportunities for

promoting leisure time PA and reducing SB among women living in low-resourced urban areas.

The promotion of PA (129, 130) has been highlighted as one of the effective preventative measures
to curb the increase in overweight and obesity and help to mitigate obesity-related NCDs in SA
(129, 130). The implementation of community wide campaigns for PA is one of the “best buys”
intervention strategies recommended in the 2018 NCD country profile (131). Furthermore, the
improvement of security and safety in communities to promote participation in PA and addressing
cultural norms around normal weight and body perceptions are some of the recently published

approaches to addressing the prevalence of obesity in SA (130). The above-mentioned approaches
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are in line with those by the South African Department of Health (SADoH) 2023-2028 strategies
for the prevention and management of obesity, which highlights the importance of empowering

South Africans to make healthy choices by enabling equitable access to PA opportunities (129).

2.3.3 The association between physical behaviour patterns, overweight and obesity in adults
Several researchers from HICs have reported on the association between self-reported (54, 132)
and accelerometer-derived physical behaviour patterns (55) and overweight and obesity among
adults. An inverse association between accelerometer derived MVPA and BMI (B = -0.215,
p<0.001) and waist circumference (3 =-0.228, p=<0.001) was found among United Kingdom (UK)
adults at risk of developing T2DM (55). Similarly, findings from a 2-year longitudinal study
conducted in the USA investigating the association between self-reported PA and obesity among
various ethnic groups including non-Hispanic White, non-Hispanic Black, Hispanic and Asian
showed a strong inverse association between MVPA and obesity among White men and women
(p<0.001) and non-Hispanic Black women (p<0.001), but no association between BMI and self-

reported PA was observed among the Asian population (54).

Researchers from HICs have also shown positive associations between SB and increased risk of
obesity among adults (132-134). Sitting is the most common type of SB amongst adults (84). For
example, sitting in the workplace, during transport and leisure time contributes to time spent being
sedentary (135). Results from a cross-sectional study in Australian adults showed that sitting in a
car for more than 1 hr/d was significantly associated with higher BMI and waist circumference
(132). Similarly, findings from a longitudinal study conducted among apparently health women
with a BMI of >30 kg/m2 showed that 2 hrs/day increase in television watching was associated
with a 23% (95% CI: 17-30) increase risk of obesity (133). Findings from the National Health and
Nutrition Examination Survey among USA adults showed that adult women (>20 years) living

with obesity reported more sitting time (311 min/d, 95% CI. 295-327) in comparison to both
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women with a normal BMI (263 min/d, 95% CI: 251-276; p <0.000) and those living with
overweight (261 min/d, 95% CI: 243-281; p = 0.000) (134). Findings from a cross-sectional study
among young women (£29 years) concluded that accelerometer-derived non-active sitting (sitting
on a chair with backrest and feet on the floor) was positively associated with (p <0.001) BMI (r =
0.244), body fat percent (BF%) (r = 0.216), weight (r = 0.236), total fat mass (FM; kg) (r = 0.241),
leptin (r = 0.237), and negatively associated with high-density lipoprotein cholesterol (HDL-C) (r
=-0.117, p = 0.031) (105). While, active sitting (sitting on a stool without backrest and feet off
the floor) was negatively associated (p < 0.001) with BMI (r =—0.300), BF% (r = —0.249), weight
(r = —0.305), FM (r = —0.320), leptin (r = —0.259), and positively associated with HDL-C (r =
0.115, p = 0.035) (105). Even though there are no universally accepted guidelines for SB (114), 60
minutes of sedentary time has been reported to be associated with higher total abdominal fat,
visceral fat and subcutaneous fat in adults (136). Notably, even though individuals may be meeting
the public health PA guidelines and/or recommendations, increased levels of SB have independent

adverse health effects.

Breaks in sedentary time is reported to be associated with reduced metabolic risk factors
independent of total sedentary time and MVPA (137, 138). Breaks in sedentary time is defined as
how often a certain amount of sedentary time is disrupted with activity when accounting for the
total time spent sitting and can be quantified by number of sit-to-stand transitions or number of
sedentary bouts (114, 139). Furthermore, breaks in sedentary time such as sit-to-stand transitions
is associated with smaller waist circumferences (WC) in adults (140). Breaks in sedentary time
have also been shown to be inversely associated with WC (=-0.215+0.051, p<0.001) and BMI
(B=-0.151+0.049, p=0.003) in UK adults at risk of T2DM independent of known confounders such

as age (55).

44 |Page



2.3.4 The association between physical behaviour patterns, overweight and obesity in SA
adults

Several SA researchers have reported on the association between physical behaviour patterns and
body composition (12, 15, 39, 103, 106, 107, 121, 125). Findings from a cross-sectional study
examining the association between SES and GPAQ derived PA and sedentary time, and how they
predict adiposity among Black SA urban (n = 510) and rural (n = 509) rural dwelling women (18—
23 years) found that more time spent in MVVPA was directly associated with a lower BMI for the
combined sample (men and women) (125). Muti and colleagues showed that meeting PA
guidelines (150 min/wk) was associated with 0.68 kg/m2 lower BMI among SA women in the total
sample of women from a cross-sectional study investigating the association between BMI and self-
reported PA among middle aged adults from four SSA countries (15). Similar findings were
reported from a longitudinal study by Dickie and colleagues showing that Black SA women who
were meeting WHO PA guidelines had lower body weight, body fat and WC, central and
appendicular FM compared to those who were not meeting guidelines (12). However, an increase
in weight (~7 kg) BF% (~3%), and BMI (~3 kg/m?) over the 5.5 year follow-up was similar
between women meeting and not meeting PA guidelines (12). Cook and colleagues reported
similar results from a 2-year longitudinal in a rural setting and despite the majority (90%) meeting
the recommended 150 minutes per week of PA guidelines, this did not prevent weight gain among

this population, with a mean increase in weight of 15.2 kg (106).

Findings from a cross sectional study comprising of urban dwelling Black SA women from a low
socio-economic setting aged between 18-45 years showed that accelerometer derived LIPA was
associated with lower total FM (%) (r =-0.25, P=0.03) (39). In addition, recent findings by Kufe
and colleagues showed that substituting 30 min of sitting/lying, standing or LIPA with the same
amount of MVPA time was associated with increased insulin sensitivity in middle age SA women

from a low socio-economic setting (121). In the same cohort, Mendham and colleagues showed
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that reallocation of 30 min of sitting/lying to MVPA or 30 min of standing to MVPA in women
were associated with a 0.3% and 1.4% lower FM, respectively (107). These results highlight the
importance of incorporating MVPA into daily PA, especially for reducing cardiometabolic risk
factors such as insulin resistance and obesity. The association between weight loss and PA has also
been shown in a longitudinal study. A longitudinal study over a two-year follow-up period reported
that over two years, SA women gained 2.15+6.82 kg, while SA men gained 0.76£4.67 kg (103).
However, neither baseline MVVPA nor sedentary time were associated with weight gain among all

participants (103).

In summary, most of the PA accumulated by Black SA women is through walking for transport,
which is undertaken at low-to-moderate intensity (12-14). Moreover, research has reported that
Black SA women are less likely to participate in leisure time PA which is usually structured
exercises performed at higher intensities (2). Physical activity in the form of structured exercise
contributes to the creation of an energy deficit by increasing total energy expenditure, thus
potentially promoting weight loss (141). Exercise is a subset of PA that is planned, structured,
repetitive and has as a final or an intermediate improvement and/or maintenance of physical fitness

components, which are health related fitness and skill-related fitness (5).

2.4 EXERCISE TRAINING

According to the ACSM guidelines, exercise prescription should include four main principles,
namely frequency, intensity, time and type (FITT) (142). Frequency refers to the number of days
per week dedicated to the exercise and is said to be an important contributor to health and fitness
benefits (142). Additionally, it is recommended that the exercise sessions be spread to 3-5 days/wk
to achieve the recommended PA guidelines. On the other hand, intensity refers to the volume of
exercise and time referring to the duration of the exercise session (142). Exercise intensity can be

prescribed in either absolute or relative terms, with absolute exercise intensity referring to a
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specific value of power (e.g. watts in cycling) or speed (e.g running speed) being the same for all
participants (143). While relative exercise intensity is usually determined as a percentage of the
maximal oxygen consumption derived from a test consisting of progressive increases in power
output (143). Light intensity physical activity is performed at a relative intensity of <55%
maximum heart rate (YoHRmax), with an rate of perceived exertion (RPE) between 8-10 on the
Borg 6-20 scale (144). While Mod PA is performed at a relative intensity of 55- 70% HRmax,
with an RPE between 11-13 (144) and Vig PA performed at a relative intensity of 70- 90% HRmax
with an RPE between 14-16 (144). The ACSM guidelines recommend that adults perform
moderate and vigorous intensity exercises ranging from 20-60 min/d of MVPA comprising of
aerobic and resistance exercises in a continuous and intermittent manner (142). Intermittent periods
of exercise training are broadly known as interval training and consist of alternating bouts of
intense exercise alternated with recovery periods (142). Some of the favourable health outcomes
from high intensity interval training (HIIT) include reduced weight (21), lower fasting insulin and
improved CRF (21, 145, 146). Additionally, combined exercise training has also been reported to
result in reduced BF%, FM (kg), WC, weight and BMI (2, 20, 147, 148) and improved CRF (20,

148-150).

Cardiorespiratory fitness reflects the integrated ability of the cardiopulmonary system to transport
oxygen from the atmosphere to the mitochondria for the purpose of performing physical work (4).
This demonstrates the combined capability of the muscles, cardiopulmonary and vascular system
to transport and use oxygen (3) and the ability of the muscle cells to receive and use the oxygen
and nutrients delivered by the blood and to communicate these metabolic demands to the
cardiovascular system (4). Cardiorespiratory fitness can be directly measured and expressed as
maximum oxygen consumption (VO2max) Or estimated from the peak work rate achieved on a
treadmill and/ or cycle ergometer (4). Directly measured VO2max iS more objective and precise in

comparison to estimated VOzmax (151).
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Even though sex, health status, and genetics are determinants of CRF, habitual PA levels are
modifiable determinant of CRF (3). Furthermore, CRF can be used as an objective surrogate of PA
patterns (3). For example, developed relative (%VO:2max) PA intensity cut-points for young adults
aged 20-29 yrs by Miller and colleagues were 0-4572 cpm for LIPA (<44%VO2max), 4573-6786
cpm for Mod PA (45-59 %VO2max) and >6,787 cpm for Vig PA (260% VO2max) (122).
Furthermore, various studies have reported on the association between CRF and physical
behaviours in adults. High levels of PA achieved through leisure time are associated with increased
CRF in comparison to sedentary individuals (152). Similarly, findings from a cross sectional study
conducted among young and middle aged (18-45 years) Black SA women from a low resourced
setting showed that CRF was inversely associated with sedentary time (r=-0.31, P= 0.03), but not

PA (P> 0.05) (39).

Low CRF is not only associated with higher clustered cardio-metabolic risk (153), but it is also
one of the strongest predictors of all-cause mortality and NCDs (154, 155). Research has
consistently shown that regular exercise increases CRF (17, 20, 149, 150), reduces cardio-
metabolic risk factors such as obesity (2, 17, 20, 147, 149), abdominal obesity (17, 20, 147, 148,
156) and unfavourable lipid profile (147, 148, 156). In response, ‘exercise is medicine’ was
developed with the primary goal of targeting the implementation of interventions that will prevent,
slow, stop and reverse the progression of NCD (157, 158). However, the majority of training
interventions to date have been conducted in high-income settings (17-19, 159-161), with little in

low-resourced communities (156, 162-164).
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2.4.1 The effect of the type of exercises on body composition and cardiorespiratory fitness

The type of exercise training, intensity and volume all impact on the level of changes in
composition and CRF. A short term (5 weeks, 4 sessions a week) intervention among young
women (18-30 years) living with overweight and obesity compared the effect of HIIT (60 x 8
seconds (s) of cycling at ~90% VOgzpeax interspersed with 12 s recovery) and moderate-intensity
continuous training (MICT) comprising of 40 min continuous cycling at 65% VOzpeak for 40 min
showed improvements in VOzpeak (+7.9% in HIIT versus +11.7% in MICT), but no changes in body
composition (21). Another study with a similar approach, showed comparable reduction in
abdominal fat (HIIT [-44.7 cm?], MICT [-37.5 cm?], p > 0.05) and not total body fat mass in
response to 12 weeks of HIIT or MICT in young women living with obesity (165). Findings from
HIIT interventions in a real world setting where aerobic interval training, maximal volitional
interval training and walking groups were compared among inactive adults living with obesity.
Results showed significant increases in CRF (VO2max; +1.01% ml/min/kg) in the aerobic interval
training group when compared to the maximal volitional training (-0.06% ml/min/kg) and walking
group (-1.03% ml/min/kg; p=0.03) (146). Other researchers have also gone as far as examining the
differences in enjoyment, perceived exertion and effect between MICT and HIIT in recreationally
active individuals, where higher enjoyment in response to HIIT (103.8 £ 9.4 AU) was shown in

comparison to MICT (84.2 £ 19.1 AU; p = 0.013) (166).

Nonetheless, research has also shown that combined exercise training (aerobic and resistance)
results in significant improvements in body composition when compared to aerobic training only
(147). Findings from a study in premenopausal sedentary women (35-45 years) showed that
combined exercise training for 8 weeks performed for 60 min/day, 3 days a week at 60-70%
HRmax resulted in significantly reduced body composition in comparison to the aerobic only
exercise training (147). A decrease of 4.2% FM was observed among the combined exercise

training group when compared to the aerobic only exercise training group, which only achieved a
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2.6% reduction in FM (147). Similar changes were observed for WC, where a 1.3% reduction was
observed in the aerobic only exercise training group (147). Similar results were reported from a 12
week exercise intervention (5 d/wk) combined training (15 min aerobic and 15 min resistance) in
men and women living with overweight and obesity. (20). In this study, Ho and colleagues reported
a significant reduction in body fat percentage (—2.6%, p=0.008), abdominal fat percentage (—2.8%,
p=0.034) and improvements in CRF (+13.3%, p=0.006) in the combined exercise group compared
to the control (20). Reduced body composition and improved CRF have also been reported among
men and women (616 years) living with and without T2DM who participated in 26 weeks of
supervised combined aerobic and resistance exercise training, where overall, participants improved
VVO2peak by 15% (p<0.01) and reduced weight by 2% (p<0.01) (149). Mendham and colleagues
also reported significant reductions in body composition and improvements in CRF among inactive
Indigenous Australian men who participated in a 12-week sports-based combined exercise
programme (resistance and aerobic) training at 70-85% HRmax, 3 x/wk for 45-60 min/day (148).
Significant reductions in weight (p=0.042), BMI (p=0.013), WC (p=0.004) and waist-to-hip ratio
(WHR) (p=0.004), and improvements in VO2peak (p=0.0001) were observed in the exercise group
when compared to control (148). Even though there is evidence that combined exercise training is
an effective approach for improving body composition and CRF, there is limited research
conducted among young and premenopausal Black SA women. In addition, findings from a
qualitative study conducted among Black SA women (21-55 years) from a low-resourced township
(Khayelitsha) in Cape Town reported that all the women considered exercise as a strategy to
improve health (46). Furthermore, the women showed interest in participating in a community
based exercise intervention and suggested exercises such as dancing, aerobics and lifting weights

(46).

To the best of our knowledge, we are aware of only two published exercise intervention studies

that have been conducted in sedentary young (255 years) Black SA women living with overweight
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and obesity (156, 167). Both interventions were 10 weeks of Tae-Bo that were conducted in the
KwaZulu-Natal (KZN) province, among University students (156) and women from the rural area
of Kwadlangezwa (167). The main objective of the exercise intervention delivered among
University students was to determine the effectiveness of the aerobic exercise program in
decreasing cardio-metabolic-risk (156). While the main objective of the exercise intervention
among the rural dwelling women was to investigate the effectiveness of a community based PA
programme implemented in a low-resource setting in improving health-related and physical fitness
outcomes (167). Both exercise interventions were similar in structure, they comprised of a 60 min
aerobic exercise routine was performed 3 x/wk and comprised of 10 min warm up, 40 min moderate
or high intensity aerobic Tae-Bo and 10 min static stretching (156, 167). Results from intervention
delivered in University students concluded that the 10-weeks aerobic exercise program was
effective in reducing metabolic risk factors as it significantly decreased weight (-5.9%), BMI (-
6.7%), waist (-6.6%) and hip (-3.5%) circumference, sum of skinfold measured body fat percentage
(-11.7%), fasting glucose (FG) (-9.5%), triglycerides (TG) (-16.7%), total cholesterol (TC) (-
10.6%), resting heart rate (-11.5%), low-density lipoprotein cholesterol (LDL-C) (-20.8%) systolic
(-5.4%) and DBP (- 6.7%) and increased in HDL-C (+ 19.3%) (p<0.05) (156). Similar findings
were reported from the rural women, where the intervention resulted in significant (p<0.05)
changes in body composition and the YMCA submaximal three-minute step test derived
cardiorespiratory endurance post the intervention among the treatment group when compared to
the control group (167). Body composition changes included reduced body weight (- 5.9 %), BMI
(- 6.7 %), WC (- 6.6 %) and hip circumference (HC) (- 3.5 %) (167). In addition, significant
improvements were seen in cardiorespiratory endurance (p=0.011), with a reduction of beats per
minutes (bpm) during the step test (-16.6%) (167). While these results show positive health
outcomes in response to exercise training in University students, the studies did not include a non-

interventional control group, nor did the interventions measure changes in physical behaviours in
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response to the exercise intervention. Research has reported that SB is a risk factor for mortality
independent of MVVPA (168). It is therefore important to investigate changes in physical behaviours
in response to an exercise intervention to observe if there is an accumulation of SB (e.g. sit more)
as a compensatory mechanism to the increase in structured exercise sessions at a moderate to
vigorous intensity.

2.5 CHANGES IN PHYSICAL ACTIVITY PATTERNS AND SEDENTARY BEHAVIOUR
IN RESPONSE TO EXERCISE INTERVENTIONS

To date, few studies (17, 19, 159-161, 169-174) have explored whether an exercise intervention
can elicit changes in physical behaviours in adults; table 2 outlines the methods and results from
the various intervention studies. The selection of the various studies included in table 2 was based
on the objective measurement tools used to monitor changes in physical behaviours in response to
an exercise intervention. This was to align with the main objective of this thesis and the objective
measurement tools used to monitor changes in physical behaviours in this thesis. Furthermore, the
specific countries where the research was conducted was included to highlight the gaps in research
conducted in monitoring changes in physical behaviours in response to an exercise intervention

within the African continent, and SA to be specific.

Some researchers have explored non-exercise physical activity (NEPA) in response to a lifestyle
and moderate intensity exercise intervention (169). On the other hand, some researchers have
investigated changes in non-prescribed PA energy expenditure (PAEE) (160, 161, 170, 175) from
low and vigorous intensity exercise (160), aerobic, resistance and combined aerobic and resistance
training (161). Furthermore, other researchers examined the long-term positive effects of exercise
training on PA level months after completing the intervention (171). Findings from these studies
are summarised in table 2. Some of the studies show that there were no changes in NEPA and
PAEE in response to an exercise training intervention (160, 161, 169). In contrast, other studies

showed trends for greater non-prescribed PAEE in the exercise group (175) and significantly
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greater increase in total PAEE in response to the exercise intervention that increased with
increasing exercise volume among the exercise group compared with the controls (160). The
difference in the physical behaviour changes among these studies may be due differences in

intervention approaches and duration.

A recent study in Sweden women aged 18-67 years showed that a decrease in ActiGraph derived
sedentary time and increase in LIPA was observed in a group of adults with depression who
participated in light, moderate and vigorous intensity 12-week exercise intervention (172).
Additionally, the study showed that the light exercise intervention group reduced MVPA minutes
(-8.22, 95% CI: -16.44, -0.01), time in MVPA bouts (-8.44, 95% CI: -14.27, -2.62), and number
of activity bouts (-0.43, 95% CI: -0.77, -0.09) in response to the intervention (172). Conversely,
reduced time in MVPA bouts (-6.27, 95% CI: -11.71, -0.82) and number of sedentary interruptions
(-6.07, 95% CI: -9.30, -2.84) was seen among the moderate exercise intervention group and no

changes were observed for the vigorous exercise intervention group (172).

It is important to note that the studies presented in table 2 only used one accelerometer, either an
ActiGraph or ActivPAL, to measure both changes in PA patterns and SB in response to the exercise
intervention. In addition, only a few studies collected the PA and SB data on a regular basis or at
more than 3 time points during the intervention (18, 161, 170). Additionally, some of these studies
only collected the PA and SB data pre and post intervention, even during 6- and 8-months
interventions (160, 171). Most importantly, none of the interventions presented in table 2 were
implemented in a low-resourced setting, PA patterns differ to more developed and high-income
settings (12, 14). However, to the best of our knowledge, no research has been conducted among
this population to examine the changes in physical behaviours and intensity of PA in response to

participating in a structured exercise intervention.
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Table 2: Summary of selected literature monitoring physical activity and sedentary behaviour in response to an exercise intervention

To examine the effects of three
exercise training interventions
on total physical activity energy
expenditure (PAEE) or non-
exercise PAEE

- Country: UK

- N=50

- N=25 (men)
-N =25 (women)
-Overweight &
obesity

- Age 40- 65 yrs

- Randomized
controlled trial

- 8 months exercise intervention

- Sedentary men and women were
assigned to:

1. Inactive control

2. Low amount/moderate-intensity
(caloric equivalent of
approximately 5023 kJ. wk*

at 40%-55% peak VO>)

3. low amount/vigorous intensity
(caloric equivalent of
approximately 5023 kJ. wk*

At 65%-80% peak VO_)

4. High-amount/vigorous-intensity
aerobic exercise.

(caloric equivalent of
approximately 8372 kJ.wk* at
65%-80% peak oxygen
consumption VO,)

- Participants exercised 3- 5/week.
- Accelerometers were worn for 7
days at the beginning and end of an
8-month exercise intervention.

- Triaxial RT3
Accelerometer

- Post intervention, average
change in total

PAEE was 8.4 + 20.9 ki.h*!
for controls, 58.6+20.9 kJ.Ih
! for the two low-amount
groups, and 138.1 £33.5 kJ.h-
! for the high amount

group.

- The high-amount group
experienced a significantly
greater increase in total
PAEE compared with the
controls (P = 0.02).

- Total PAEE 1 with
Texercise volume.

- Average change in non-
exercise PAEE was

8.4 + 20.9 kJ.h™* for control,
25.1 +20.9 kJ.h! for the
low-amount groups
combined, and 62.8 + 29.3
kJ.ht for the high-amount
group.

- No statistically significant
difference in change of non-
exercise PAEE between
groups.

Hollowell, et
al., [2008];
(160)
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To investigate whether there isa | - Country: UK - Randomized | - 6-months exercise intervention - Synchronized | - Structured prescribed Turner J.E, et
reduction in nonprescribed -N=41- controlled - Exercise group completed a 24- accelerometery | exercise 1 total PAEE in al.,
PAEE as a result of participation | Sedentary men. - | Trial wk individually prescribed, and heart rate exercise group (p=0.03) [2010];
in a 6-mnths structured exercise | BMI: 28 + 3kg/m? progressive & monitored exercise - Overall PAEE significantly (170)
intervention. - Age: 54 6.5 yrs program. higher in exercise group vs.

- Control group asked to maintain control group (p =0.004).

their existing (sedentary) lifestyles - Greater nonprescribed

- Estimates of energy expenditure PAEE in the exercise group

and time spent participating vs. control group (p = 0.09).

in PA using the Actiheart - Prescribed PAEE 1

-Predetermined intensity thresholds significantly in the exercise

were assessed in both groups group (p =0.001)

baseline & post intervention (week

24-26 during a 2-wk detraining

period) & during week 2, 9, & 18 of

the intervention.
To evaluate changes in physical | - Country: UK - Randomized | - 8-months intervention - Triaxial RT3 - No significant change in Rangan
activity energy expenditure in - N=82 controlled trial | - 4 months control: asked to accelerometer. off-exercise days PAEE in VV.el al.,
response to aerobic training, -N =32 men maintain their current lifestyle. any of the exercise training [2011];
resistance training or combined | - N =50 women - 4 months exercise: divided into 3 groups. (161)
aerobic and resistance training. | - BMI: 25-35 groups (resistance, aerobic & - significant 7 in total PAEE

kg/m2 combined resistance and aerobic in aerobic training, and both
- Age: 47-51yrs training group 3 x/week). aerobic training and

- Participants wore accelerometers combined aerobic, but not in

5- to 7-d at 3 time point of the the resistance training group

intervention. only.
To determine if the group - Country: - Randomized | - 5 months intervention - ActiGraph - All PA variables differed Anderson E,
exercise intervention produced Norway controlled - N =89 Intervention accelerometer. significantly between groups. etal.,
long-term positive effects on PA | - N= 150 Trial - N =61 Control - The intervention group had [2012];
level six months post - Physically - Structured group exercise sessions 84 more minutes of MVPA (171)

intervention

inactive Pakistani
immigrant men
Age: 25to0 60

led by an exercise physiologist
2x/week, two group lectures, one
individual counselling session,
written material and a phone call

- Participants instructed to wear the
accelerometer on the right hip

& 7.7 fewer hours of inactive
time/ week vs. control group.
- Intervention group 1 total
PA level from

baseline to follow up by a
mean of 36 cpm (p = 0.02),
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during all waking hours, except
while swimming & bathing, for 7
days.

- PA data collected at 3 points
(baseline, F/U 1& F/U 2).

- Participants telephonically
contacted 6 months after the
intervention ended for a second
follow-up test (FU2) (n = 133).
- PA data collect pre and post
intervention

an 7 of 10% and time spent
in MVVPA by an average of
7.3 min-day-1 (p = 0.03), an
1 of 21%.

- Intervention group |
sedentary time by a mean of
0.7 hours-day-1 p = 0.001), a
1 0f9% (95% CI= 1.5 to
16).

The PA variables did not
change in the control group.

To examine the efficacy of the - Country: - Randomized | - 5 Months intervention - ActiGraph - The intervention group 1 Anderson E
group exercise intervention in Norway controlled - N =89 Intervention accelerometer their total PA level & Hgstmark
increasing PA using a -N=150 Trial - N =61 Control (cpm) significantly more T
randomised controlled design - Pakistan men - Structured group exercise sessions than the control group (p = [2013]
- Age: 25-60 yrs led by an exercise physiologist 0.01). @an
2x/week, two group lectures, one - Intervention group 1 their
individual counselling session, MVPA by 6.4 min more per
written material and a phone call day vs. control group.
- Participants telephonically - Both groups | their inactive
contacted 6 months after the time, but there were no
intervention ended for a second significant differences
follow-up test (FU2) (n = 133). between the two groups.
To compare ST and NEPA - Country: - 4 Arm quasi- | - 12 weeks exercise and lifestyle - ActivPAL - ST did not | significantly Kozey-
during a 12-week exercise USA experimental intervention accelerometer for exercise group. Keadle, S
training and/or lifestyle - N= 19 Men study - Exercise group: exercise 5 days - No changes in NEPA at [2013];
intervention. - N =39 Women per week at a moderate intensity. week-12 compared with (169)
- BMI 35.1 + 4.6 - The Sedentary Time reduction baseline for the exercise
kg/m2. group: instructed not to participate group.

- Age: 20 - 60 yrs

in exercise, but to accumulate non-
exercise physical activity
throughout the day in small bouts
of activity.

- Exercise & Sedentary Time
Reduction group: participated in

- 50% of exercise
participants 1T ST and |
NEPA.

- Sedentary Time reduction
group | ST and 1 NEPA.

- Exercise and sedentary time
reduction group -
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supervised aerobic exercise training
identical to exercise group and also
received the sedentary time
reduction group strategies to 1 non-
exercise physical activity & |
sedentary time.

- Control group: maintain habitual
behaviour

- Wore ActivPAL for 7 days at
week 3, 6, 9, & 12.

significantly | & 1 time in
NEPA at week-12 compared
with baseline.

To assess the impact of a 12- - Country: - Randomised | - 12 Weeks lifestyle intervention - 1 physical activity in the Share BL
week multi-disciplinary lifestyle | Australia Control Trial (exercise, nutrition education & intervention group post [2015]
intervention on cardiometabolic | - Tertiary students cognitive behavioural therapy) intervention (p <0.001). (19)
risk factors in premenopausal - Caucasian - N= 27 (intervention) - Significant changes in
women with abdominal obesity | women - N =12 (control) intervention groups for:
-N=239 - Testing at pre, post & 24 weeks 1. WC (-5.8 cm, -6.4%)
- Age: 18-30 yrs for intervention group. 2. WHR (-0.02, -2.5%)

- Testing and pre-& post for control 3. WHR (-0.03, -5.5%)

group 4. SBP (-4 mmHg, -3.4%)

- Intervention group: 2X supervised 5. DBP (-4.0 mmHg, -5.8%),

60 min exercise sessions 6. resting heart rate (-8.0

(progressive circuit training) and 1 bpm, -11%),

unsupervised session. 7. predicted VOomax (+4.7

- Control group: Instructed to ml.kgt.min-!, +15%),

continue existing lifestyle choices 8. PA (+183 min. week?,

& were invited to complete the +97%)

lifestyle intervention after 12

weeks.
To determine the extent to - Country: - Randomised | - 12 weeks intervention -ActiGraph - | sedentary time min/d & 1 Helgadottir
which participation in light-, Sweden Control Trial - N= 21 (Light: basic yoga) accelerometer increase in LIPA min/d B, el al
moderate- and vigorous- - Depressed - N= 25 (Moderate: intermediate across all interventions. [2017]
intensity exercise intervention patients (women) level aerobic exercise training) - | MVPA min/day (-8.22, (172)

influenced habitual physical
activity and sedentary behaviour
patterns in depressed adults.

- Age: 18-67 yrs

- N= 22 (Vigorous: repetition of
both static and explosive
movements)

95% ClI: -16.44, -0.01), time
in MVPA bouts (-8.44, 95%
Cl: -14.27, -2.62), & number
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- 55min/d of activity bouts (-0.43, 95%
-3x/wk Cl: -0.77, -0.09) for the light
intensity group.

- | time in MVPA bouts (-
6.27, 95% CI: -11.71, -0.82)
and number of sedentary
interruptions (-6.07, 95% CI:
-9.30, -2.84) for the moderate
exercise intervention group

- No changes for the
vigorous exercise
intervention group.

Abbreviations and signs: Sample size (N); Confidence interval (Cl); Counts per minutes (cpm); Minutes per day (min/d); Millimetres of mercury (mmHg); Systolic blood
pressure (SBP); Diastolic blood pressure (DBP); Kilojoules per hour (kJ.h); Kilojoules per week (kJ.wk™); Light intensity physical activity (LIPA); Moderate-to-vigorous physical
activity (MVPA); Waist circumference (WC); Waist-Hip-Ratio (WHR); Non-exercise physical activity (NEPA); physical activity energy expenditure (PAEE); Maximum oxygen
consumption (VOumax); Years (yrs); Increase (1); Decrease ()
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2.6 PERCEPTIONS OF BODY IMAGE

One of the most common psychological problems among people living with overweight and
obesity is a defective body image (176). Body image is often defined as a degree of satisfaction
with physical appearance (size, shape and general appearance) (1, 177), or how a person feels about
their appearance (2). It can be argued that cultural and societal perceptions around a bigger body
size and being more accepting of overweight (44, 46) and obesity (42, 46) by Black SA women is
contributing to the high prevalence of overweight and obesity among this population. In addition,
some women made statements such as “Our culture says that you are supposed to be fat” (178),
which can make it difficult to prevent overweight and obesity through behavioural change in this

population.

There is a growing area of interest in individual’s perception of their body image on an international
scale (179, 180), including Africa (42-44, 46, 47, 181). Furthermore, research on perceptions of
body image and/or size among Black SA women and adults has been abundant in the recent (42,
43, 46, 47, 181) and previous years (182-184). Table 3 summarises several SA studies that have
reported on the perceptions of body image and/or body size from both urban (43, 44, 46-49, 183-
187) and rural (43, 49, 186) dwelling Black SA women in comparison to other ethnic groups (187).
These studies have used various qualitative and quantitative approaches such as Focus Group
Discussions (FGDs) and Stunkard’s silhouettes (188) and/or or pictorial body image models. The
Stunkard’s silhouettes used by the studies summarised in table 3 have been validated in South

African women previously (189).

Black SA women’s perception of obesity in rural and urban Msunduzi areas in KZN province
found that the notion of obesity was perceived not to exist (43). Rather, these women preferred
names like ‘fuller bodies’ or ‘rounded fuller figure” which were adored and perceived as indicators

of beauty and even a sign of affluence (43). Similar findings were echoed in a qualitative study
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conducted in middle-age men and women from Soweto (Township in the city of Johannesburg)
who preferred to refer themselves to being ‘fat” and not ‘obese’ (42). Such perceptions are also

observed during teenage years (183).

Findings from an exploratory qualitative study using both Stunkard’s silhouette’s and FGDs
investigating beliefs regarding body size and body image among 60 Black SA girls aged 10-18
years found that even though fatness was viewed as associated with diseases such as type 2 diabetes
and difficulty in finding appropriate clothing sizes, the young girls also perceived fatness as a sign
of happiness and wealth (183). Similar finding were reported among Black adult SA women where
thinness was associated with ill health such as Human immunodeficiency virus (HIV), Acquired
immunodeficiency syndrome (AIDS) and tuberculosis (TB) (45, 184). Additionally, young and
middle-age Black SA women perceived a bigger body size as an indicator of beauty, dignity and
even a sign of affluence (43), whereas a thin body was viewed as not respectable and also
associated with poverty (43) and sickness (45, 46). These cultural and societal perceptions around
a bigger body size in Black SA women could influence whether these women engage in healthy
behaviours such as physical exercise. Some of the limitations from these studies include the cross-
sectional study design and a large portion (40%-75%) of the participants were unemployed, with
low socio-economic status and education attainment. These factors affect views and the

perceptions about obesity-related health risk as well as weight-loss intentions (48, 49).

On the contrary, some studies have also reported that Black SA women desire to be thinner (44,
45, 186). In a society that is filled with the “perfect body type” it is not surprising that many women
are unhappy with their own body image (2). Findings from a study exploring the perceptions of
body image among adult (40-59 years) Black SA women using the Stunkard body silhouettes
showed that the women underestimated their body size compared to their derived BMI across all

weight categories (45). Similar findings were reported by Okop and colleagues where Black SA
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women living with overweight and obesity wanted to be a smaller size (48) and a higher proportion
of women compared to men underestimated their weight (76% vs. 49%) and were dissatisfied with
their body size (49). Findings from the above-mentioned studies suggest that some Black SA
women are unhappy with their body size and body image. The difference in the literature reporting
on the preference of bigger body size and desire to be thinner among Black SA women may be due
to the difference in methodology, participant age and SES. Majority of the studies reporting on
desire to be thinner among Black SA women used Stunkards’s silhouettes (45, 186, 190), while
some of those reporting a preference for a larger body size or satisfaction with larger body used
FGDs alone (43, 46) or in conjunction with the Stunkards’s silhouettes (48, 183, 184). Thus, it can
be argued that the method used to assess body image perception plays a significant role in the

outcomes reported.
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Table 3: Summary of selected literature on the perceptions of overweight, obesity, body image and body size among SA adults (men and women)

To explore perceptions about factors | -Black SA women -Descriptive, -Western Cape -Body shape - A moderately overweight shape | Puoane T, el
associated with body weight and | -Community Health | cross-sectional | Province drawings (BMI: 27 kg/m?) was preferred al.,
body image among Black women | workers N=44 study (Urban: (pictograms) - Moderately overweight shape [2005];
community of health workers living | -N=2: Normal weight Khayelitsha - body was associated with dignity, (182)
and working in Khayelitsha, Cape | - N= 2: Overweight township) satisfaction respect, confidence, beauty &
Town. - N=25: Obese guestion wealth.
-N=15 Morbidly
obese
-Age: 43.2+7.2yrs
To examine the perceptions of Black | - Black SA girls -Exploratory -Western Cape -Stunkard body | - Being fat was perceived as a Puoane T, el
schoolgirls aged 10-18 years about | - N= 60 study Province silhouettes sign of happiness & wealth. al.,
body size and body image - Age: 10-18yrs (qualitative) (Urban: -FGD - Living with obesity was [2010];
Khayelitsha preferable. (183)
township) -Fatness was viewed as associated
with diseases such as diabetes &
hypertension & with increased
difficulty in finding appropriate
clothing sizes.
- Thinness with ill health
particularly HIV, AIDS & TB
To explore the perception among | - Black SA women -Exploratory -Western Cape - Stunkard body | - 69% of women associated a thin Matoti-
Black South African women that | - N=513 study Province silhouettes figure with HIV &AIDS. Mvalo &
people who are thin are living with | - Age: 18-65 yrs (qualitative (Urban: -FGD - 10.2% of women associated thin Puoane
HIV or AIDS. &quantitative) Khayelitsha figure with health. [2011];
township) - 34.2% of women associated (184)
normal weight with health.
- 50% of women preferred a
normal-weight figure.
- 31% of women associated being
overweight with good health.

62|Page



To explore urban Black women’s | - Black SA women -Cross-sectional | - Kwa-Zulu Natal | - Stunkard body | - Perceived body image compared | Devenathan
perception of their body image - N= 328 exploratory (Durban: Urban) | silhouettes to derived BMI showed that R, etal.,
- Age: 40-59 yrs study women underestimated their body [2013];

image across all weight (45)

categories. - > 40% indicated a

normal to overweight preferred

body image. - 99% of the women

associating the underweight

silhouettes with disease and HIV

infection.
To explore perceptions regarding | - Black SA women -Qualitative - Western Cape -FGD - Most participants felt that living | Draper E, et
body size and weight loss in a | -N=21 exploratory ((Urban: with overweight/obesity was al.,
sample of Black women from a low- | - Age: 24-51 yrs study Khayelitsha acceptable and desirable, and [2015];
income community in Cape Town, township) agreed that they liked to be ‘fat’. (46)
SA. - Some participants disagreed and

stated that they did not like to be

overweight/obese.
To determine whether lifestyle and | - Black SA women -Longitudinal -Gauteng - Female body - In participants that Gradidge P.J,
psycho-social factors determine | -N=430 study Province Stunkard’s underestimated their body size at etal.,
changes in body composition over | -> 18 yrs (Urban: Soweto silhouettes baseline (74.0% of the study [2015];
10 years in a population of Black Township) population) changes in total and (190)
African women with a high peripheral levels of body fat were
prevalence of obesity. less than in women who correctly

identified their body size.

- In the group that underestimated

body size, more women wanted to

be leaner than in the group who

knew their body size.
- To explore the perceptions of -Black SA women & | -Descriptive -Western Cape -Sex-specific - Majority of women living with Okop K.J, et
body size, obesity risk perception, | men qualitative study | Province validated Body | overweight & obesity chose the al.,
and the willingness to lose weight -N=89 (Urban: Langa Image Rating silhouettes that were smaller than [2016];
in men and women living in a -N= 36 (Women) township) Figures (BIRF) | the one equivalent to their weight. (48)
resource-limited urban community, | -N=42 (Men) -FGD - Majority of obese and

in order to inform appropriate
community-based intervention for
the prevention of obesity.

-Age: 35-70 years

overweight women expressed
satisfaction with their body size.
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To identify the differences in body | - Black SA Women -Cross-sectional | -Mpumalanga - Stunkard’s -Urban women were more likely Prioreschi
image satisfaction and eating | - N=509 (Rural) study Province (Rural: | silhouettes to be overweight and obese than A etal.,
attitudes between rural and urban | - N=510 (Urban) Agincourt) rural women & had a greater [2017];
South African young adult women | - Age: 18-23 yrs - Gauteng desire to be thinner. (186)
and explore the interactions between Province - In both groups, being
BMI, physical activity, body image (Urban: Soweto overweight or obese was
satisfaction and eating attitudes Township) positively associated with a desire
using site specific regressions and to be thinner.
structural equation modelling. - Disordered eating attitude was
associated with body image
dissatisfaction in the urban group.
- disordered eating attitude was
associated with a desire to be
fatter in the rural group.
To establish the Black South -Black SA women -Explorative -Kwa Zulu-Natal | -Focus group -Obesity was perceived not to Dandala P, et
African women’s perceptions of -N=73 qualitative study | Province (Rural & | discussions exist. al.,
obesity in rural and urban areas in - <35 yrs (youth) Urban Msunduzi - Participants referred to ‘fuller [2018];
the Msunduzi District of -> 35 yrs (adults) district) bodies’ and a ‘rounded fuller (43)
Pietermaritzburg. figure’.
- Rounded fuller figures were
appreciated & associated with
wealth and dignity.
- Being thin was associated with
poverty.
To assess weight discordance and | -Black SA women & | -Quantitative - Eastern Cape -Pictorial -Higher proportion of women Okop K.J, et
body size dissatisfaction among | men study Province constructs compared to men underestimated al.,
overweight and obese South | - N=920 (Rural: Mount (Stunkard their weight (76% vs. 49%) & [2019];
Africans, the associated factors and | - N=380 (Rural) Frere). silhouettes) were dissatisfied with their body (49)
the implications for  health | - N=81 (Men) -Western Cape - Body shape sizes.
promotion. - N=299 (Women) Province (Urban: | questionnaire -Participants who perceived CVD
- N= 540 (Urban) Langa Township) | (BSQ) threat, compared with those who
- N= 140 (Men) -Structured did not, were 3 times more likely
- N= 410 (Women) questions used to be dissatisfied with their body
- Age:35-78 yrs to describe sizes & 1.6 times more likely to
weight underestimate their own weight.
perception
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To understand the socio-cultural | -Adult men & -Qualitative -Gauteng -FGD -Participants admitted to being ‘fat | Bosire E.N,
norms relating to weight estimation | women study Province or overweight’, but did not view etal.,
among individuals living in rapidly | -N= 57 (Urban:  Soweto themselves as obese. [2019];
urbanising setting with growing | - N=29 (Women) Township) (42)
disposable incomes and increasing | - N= 28 (Men)
availability of inexpensive | -Age: 18-55 yrs
processed or fast-food.
To assess body weight perceptions | - Black SA women -Cross- sectional | -Limpopo - Stunkard - Majority (58.3%) of the women | Gradidge P.J,
according to several body image | - N=132 qualitative study | Province silhouettes demonstrated a social value of etal.,
dimensions in rural, employed | - N=72 (obese) (Rural: Venda) stoutness. [2020];
African women. - N= 60 (non-obese) - Majority (63.6%) of the women 47)
- Age: 40 £ 10.1 yrs were able to correctly perceive
their actual body weight according
to their BMI.
To explore the perception of - Black SA Adults -Descriptive -Gauteng, - Semi - Believed that obesity could be Manafe M at
overweight, obesity, and health living with gualitative study | Northwest & structured caused by unhealthy habits such al.,
among South African adults. overweight and Mpumalanga interviews as eating junk food. [2022]
obesity Province - Identified the type of drinks, (181)

-Age: > 18 yrs
-N=24
- N =18 (men)

- N= 6 (women)

such as sugar-sweetened
beverages, as the main cause of
obesity.

-Believed that people who were
overweight were prone to weight
gain due to a lack of exercise.

- Women perceived that they were
prone to being overweight due to
pregnancy and childbirth.
-Believed that older men with pot
bellies (big stomachs) were
wealthy.

- Believed that overweight
individuals were healthy and that
their weight was attributable to
their happiness in life.
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- believed that happiness was
obesogenic and thus, led to weight
gain.

- Perceived that growing older
made the health risks related to
being overweight and obese
unavoidable.

- believed that obesity was
acceptable in their culture,
although they did not embrace the
belief themselves

Abbreviations: Sample size (N); Body mass index (BMI); Kilograms per metered square (kg/m?2); Years (yrs); Cardiovascular diseases (CVDs); Tuberculosis (TB); Human
immunodeficiency virus (HIV), Acquired immunodeficiency syndrome (AIDS); Focus group discussions (FGD); Body shape questionnaire (BSQ).
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2.7 CHANGES IN BODY IMAGE AND SELF-EFFICACY IN RESPONSE TO AN
EXERCISE INTERVENTION

Exercise training can be considered as a therapeutic strategy to improve perceptions of body image
(2, 22, 23) and self-efficacy (6, 191) in women living with overweight and obesity. Improvement
in body image assessed using a 9 item Body Areas Satisfaction Scale and a 7-item Appearance
Evaluation subscale was observed among women living with obesity in response to a 16 weeks
progressive resistance exercise and dietary caloric restriction intervention (23). Similar findings
were reported from a study investigating changes in body composition and body image assessed
using a sub-dimension of the multidimensional body-self relations questionnaire among middle-
age women in response to a 12 weeks HIIT and resistance training circuit (4x/wk at 50-60% target
heart rate) (2). Furthermore, increased schedule efficacy, physical efficacy and exercise worries
efficacy have also been observed in women living with overweight and obesity participating in a
12 week self-efficacy intervention (6). The intervention required participants to formulate action
plans for exercise outcome expectancies, goal setting, relapse management, and exercise self-
incentives (6). Perceived body image and self-efficacy have also been shown to improve in
response to an exercise intervention. Findings from VVurgun and colleagues showed that a 14-week
exercise intervention (60 min aerobic exercises 3 X wk) in sedentary middle-age women improved

body image satisfaction and self-efficacy levels (191).

Table 4 summarises the global literature that report changes in perceived body image (2, 23, 24,
176, 191-193) and self-efficacy (6, 191) in response to exercise intervention in women. An exercise
intervention study conducted amongst women college students in the USA assessed body image in
response to the intervention using the body self-image questionnaire (BSIQ) (193). Results from
this study concluded that combined aerobic, anaerobic and strength training was more beneficial
in improving body image when compared to only aerobic exercises or no exercise at all (193). The

greatest overall body image improvement was seen amongst the interval circuit training group
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(193). These finding are supported by another study conducted on a mixed group (men and women)
of college students (24). Body image was assessed using a Multidimensional Body Self-Relations
Questionnaire (24). The circuit weight training group not only increased upper and lower body
strength (P<0.01), but also experienced a significant improvement in appearance, body satisfaction
and physical self-efficacy with reduced social physique anxiety in comparison to the non-

interventional control group (24).

All the studies listed in Table 4 were undertaken in HIC. To the best of our knowledge, there is no
research reporting on the effects of exercise training on perceived body image and self-efficacy
from the African continent. Further, these reported studies did not explore the women’s perceptions
regarding the implemented exercise intervention using qualitative approaches such as FGDs and
In-depth interviews (IDIs). Focus group discussions are valuable because they provide a platform
for capturing group interaction and harnessing the dynamics involved to prompt fuller and deeper
group discussions (194). Further, FGDs provide a conducive environment for understanding
collective social action, accessing group beliefs and understanding behaviours and attitudes that
might be overlooked during IDIs (195). Furthermore, FGD and IDI might enable the researchers
to collect in-depth information on PA participation barriers and facilitators through probing during
the discussions and interviews. Collecting such information is not always be possible through

paper-based questionnaires.
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Table 4: Summary of selected literature on the effect of exercise intervention on body image and self-efficacy

To explore the effects of | - Country: USA -Quasi- -6- week circuit weight Multidimension | - Physical -Weight lifters’ body William,
a 6-week circuit weight | - College students | experimental training based on ACSM al Body-Self Self-Efficacy | images improved PA & Cash
training program on - N=27 women design. - 3x/week Relations Scale (PSE). on all four measures TF
multiple facets of body | -N=12 men - Pre-test - 60 min Questionnaire - Weight trainers’ [2001];
image. - 28% White -Post-test - Individuals who had weight | (MBSRQ). aerobic exercise level & (24)
- 58% African - N= 39 control trained in the past year were strength 1
American - N= 39 exercise | excluded - The circuit weight
- 13% other ethnic training group 1 in
group appearance, body
-21.7+£3.8 yrs satisfaction and
physical self-efficacy.
- Control participants
reported no body-image
changes over time.
To test a self-efficacy - Country: USA - Quasi- - 6 weeks self-enhancing - None -Immediate -Women in the high D’ Alzono,
enhancing exercise -Black and experimental exercise intervention self-efficacy attendance group KT, etal.,
program to achieve Hispanic college- - Either step or dance aerobics enhancing showed significant [2004];
physical fitness among age women or kick boxing class feedback improvements in (196)
both Black and Hispanic | -N=44 - 3x / week provided after | exercise self-efficacy
sedentary female college | -N= 36 (Black) -50-60 minutes each training and perceived benefits
students -N= 7 (Hispanic) - 60-80% (%HRmax) session & barriers to exercise.
-N=1 (Mixed race) -Health screening (history & - Women in the high
- 18-35yrs physical examination. attendance group
- Pre and post intervention showed significant
testing. improvements in
- Higher and lower attendance aerobic fitness, muscle
group strength, flexibility,
- Digiwalker pedometer used percentage of body fat
to measure activity levels.
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- Weekly worksheets,
handouts, motivational
messages & homework
assignments corresponding to
the relevant activities and
stages of behaviour.

- weekly e-mail messages with
feedback regarding target heart
rates, personalized
motivational messages & tips
for maintaining exercise
during stressful periods

- Incentives provided based on
level of participation

-Focus groups

& overall daily activity
level.
- Lack of a true control

group

To determine the effect
of aerobic and interval
circuit training on
fitness and body image
among women

- Country: USA

- College students
- Women

- N=72

-18-26 yrs

- Randomized
experimental
design.
-Pre-test
-Post test

- 12- week aerobic and circuit
training

-3 exercise programs

1. Aerobic exercise 50 min
(60-90%, % HRmax; N= 23)

2. interval circuit 50 min
(60-90%, % HRmax; N=28)

3. Control: no exercise
(65-80%, % HRmax; N= 21)
Volunteers excluded from
study if reported to be
engaging in vigorous exercise
at least twice per week or
individuals with self- reported
eating disorders.

- Physical fitness and nine
body image

components assessed.

- Skinfold measurements taken
to estimate %BF

-Step test

- Body Self-
Image
Questionnaire

(BSIQ)

- None

- Significantly 1 fitness
scores for the
aerobics/strength circuit
training group.

- Interval circuit
training group
experienced the greatest
improvement in overall
body image dependant
variables

Henry RN,
etal.,
[2006];
(193)
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- Bench press test

To examine correlates of | - Country: Canada | - Randomized - 16 weeks exercise and - 9-item Body - Aerobic self- | - Significant Ginis
body image change - Women experimental dietary intervention. Areas efficacy, improvement in body KAM, et
among overweight and -N= 88 design. - 45-60 min of aerobic Satisfaction participants image over the study al.,
obese women who - 28.4+£7.8 yrs -Pre-test exercise 7x/week and Scale (BASS) indicated their | time points. [2012];
participated in a 16- - BMI: 27-40kg/m2 | -Post test progressive resistance exercise | - 7-item confidence on | - Improved perceptions (23)
week diet and exercise 2x/week. Appearance a scale ranging | of body fat.
intervention. -Week days: exercise was Evaluation (AE) | from 0- 100 to
performed at a supervised subscale runona
training center on campus. treadmill at a
Weekends: women exercised moderate
unsupervised. intensity for
- Repeated measures taken at up to 60 min
baseline, Week 8 & Week 16 without
of the intervention. stopping.
- Dietary intervention - Strength self-
comprised of restricted daily efficacy was
caloric intake to 500 kcal measured by
below each participant’s asking
weight maintenance energy participants to
requirements. indicate their
- Participants recruited through confidence to
University and community. perform the 4
-Body composition measured 1RM
using DXA scans. eXercises.
To determine the effect | - Country: Iran - Quasi- - 4 Week aerobic training Multidimension | -None - Significant Zarshenas,
of short-term aerobic -Iranian women experimental program. al Body Self- improvement in body S, etal.,
exercise on depression -N=82 study design. - Exercise at 70%, %HRmax Relation image dependant [2013];
symptoms and body - 18-45 yrs -Pre-test -65-70 min Questionnaire variables (appearance (192)
image attitudes among -Post-test -Participants excluded if they | (MBSRQ). evaluation, appearance
Iranian women. - N= 41 exercise | were receiving depression evaluation, appearance
group treatment. orientation, health
- N= 41 control orientation & illness
group
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orientation in exercise
group.

-Significant | in
depression symptoms in
the exercise group

To assess the effect of - Country: USA - Randomized - 18 weeks resistance and - None -Exercise self- | - RT group showed 1 LeChemina
resistance training (RT) | -Postpartum experimental flexibility efficacy. strength gains than the nt, DJ, et
and flexibility training women design. - 2x/week FT group. al.,
(FT) group in healthy -N=60 - Testing at - Both RT and FT protocol - Significant group x [2014];
postpartum women - 90% Caucasian baseline, 2 based on ACSM time interaction for (197)

- 8.3% Hispanic months & 4 recommendations exercise self-efficacy:

- 1.7% Asian months - Assessment included 1. | for RT group

- 6 weeks & 8 1. Muscular strength 2. No change for FT

months postpartum, 2. DEXA derived body group.

- >2.27 kg above composition - 1 in sedentary time in

their self-reported 3. Depressive symptoms RT group compared to

pre-pregnancy 4 Accelerometer derived FT group.

weight physical activity - 1 light-intensity

activity in RT group
compared to FT group.
To examine the effects | - Country: Turkey | - Randomized 14- Week aerobic training - Body Image - General self- | - Significant | in body Vurgun, N
of regular aerobic -Sedentary women | experimental program. Satisfaction efficacy Scale. | mass, body fat, waist- [2015];
exercise on physical -Control group: design. - 3x/week Questionnaire to-hip ratio in exercise (191)
variables, body image 40.5+12.1yrs -Pre-test - 60 minutes (BISQ) group.
satisfaction and self- group: -Post test - Polar Heart-rate used to - Significant 1 in body
efficacy levels of Exercise group: - N= 25 exercise | monitor HR. image satisfaction &
sedentary women 36.3+8.5yrs group - Control group did not self-efficacy scores in
-N=20 control participate in any special kind the exercise group.
group of physical activity.

- Weight and height measured
to calculate BMI.

- Waist and hip measured to
calculate waist-to-hip ratio.

- Skinfolds take to estimate %
BF.
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To compare the effects | - Country: Iran -Quasi- - Participants were divided -Body Image - None - Results indicated the Aboutaleb,
of two aerobic exercise | - Obese women experimental into 2 groups. Concern superiority of the P & Badami
methods (traditional -N= 36 - Experimental -Traditional aerobic exercises | Inventory experimental group. R,
based on considering the | - 30-35 yrs &control groups | & aerobics exercises based on - Aerobic exercise [2016];
basic psychological -BMI > 30kg/m? with random considering the basic needs. caused a significant | in (176)
principles) on body arrangement. -Twelve weeks body image concern.
mass index, intrinsic -Pre-test - 3x/ three week - Superiority of the
motivation, sport -Post-test -60 minutes experimental group in |
persistence, and body - 5 min warm-up, 35 min body image concerns.
image among obese aerobic  exercises  (rubber
women. bands, weights, sticks, fitness
steps and/or gym balls), 5 min
cooling and stretching & 15
minutes local movements.
To investigate body - Country: Not -Experimental - Mixed exercises (CrossFit, - “Body Areas - None -Significant difference Bastug, G,
composition and body specified - Control group Plates, Zumba). Satisfaction observed in body etal.,
image of women doing | - Women (n=35) -High-intensity interval Scale” sub- weight and BMI post [2016];
CrossFit, Pilates and -N =80 -Experimental training & circuit weight dimension of the intervention in the 2
Zumba exercises. - 42.74+8.47 yrs group (n=45) training. Multidimension experimental group
-Pre-test - 4 x/ week. al Body-Self (P=0.00).
-Post-test -Twelve weeks exercise Relations -1 body areas
intervention. Questionnaire satisfaction in the
-Target heart rate of 50-60%. experimental group.
(P=0.00)
-Body areas satisfaction
of women having
weight loss 1.
To investigate the - Country: New -Experimental - 12-week self-efficacy -None - Three -The intervention Buckley, J
effects of a 12-week Zealand - Randomized intervention measures of schedule, physical, [2016];
self-efficacy - Overweight and control design -Intervention derived from exercise self- | exercise-worries (6)

intervention to increase
exercise EE by boosting
scheduling, physical,
and exercise-worries
self-efficacy in

obese women

- N=97

- 93% European
ethnicity

- BMI > 25 kg/m?
- 37 yrs

- Control group
(N=50)
-Intervention
group (N=47)
-Pre-test
-Post-test

social cognitive theory,
comprising of 6 components.
-The intervention required
participants to formulate action
plans for exercise outcome
expectancies, goal setting,

efficacy were
employed.

- 1: Schedule

efficacy.

- 2: An 8-item
measure to

efficacy, and energy
expenditure in the
previously inactive

group.
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overweight and obese
women.

relapse management, and
exercise self-incentives.

assess exercise
related worries

-Complete study-related self- self-efficacy.

report measures of scheduling, -An 18-item

physical, and exercise-worries for

self-efficacy at baseline, week constructing

6 and week 12. self-efficacy

- Exercise status was assessed scales to

with two items each with a yes assess

or no rating scale. confidence in

- The daily exercise log physical

required participants to record ability for

the type, duration, and rate of exercise

perceived exertion (intensity)

for all exercise they undertook

during the 12-weeks.
To compare the - Country: Pozna'n | - Randomised - 12 weeks exercise - Figure rating -None -The only significant Bak-
influence of endurance -Outpatient internal | control trial intervention scale difference was Sosnowska,
and endurance strength | medicine clinic - Group A (N= -Anthropometric (Stunkards) emotional eating. M. etal.,
training on stress, self- -Obese 22) measurements -Body shape -High self-esteem 1 in [2021]
esteem, body-esteem (BMI>30kg/m? - Group A (N= Diet unchanged. guestionnaire both groups. (22)
and eating behaviour in 22) - 3x/week - Significant changes in

women with obesity.

-36 training sessions

-Group A: Endurance training
(60 min; 50%- 80% (YoHRmax)
-Group B:Endurance strength
Training (60 min; 50%- 860%
(%HRmax )

anthropometric
parameters were
observed in both
groups.

Abbreviations: Sample size (N); Body mass index (BMI); Kilograms per metered square (kg/m?); Years (yrs); Maximum Heart Rate (HRmax); Body Image Satisfaction Questionnaire
(BISQ); Resistance training (RT); Flexibility training (FT); Multidimensional Body Self-Relation Questionnaire (MBSRQ); American College of Sport Medicine (ACSM); Body

Avreas Satisfaction Scale (BASS); Minutes (min); Heart Rate (HR);
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2.8 EXPERIENCES FROM PARTICIPATING IN AN EXERCISE INTERVENTION

There appears to be limited literature on the perceptions of participating in an exercise
intervention in the African continent, particularly among low-resourced communities. Recent
findings from a study exploring the influence of an exercise intervention on the perceptions
and knowledge of modifiable risk factors for NCDs among women from a low-resource setting
in SA showed that health exposures and cultural traditions influenced the participant’s
perceptions about PA (162). Furthermore, participants reported fear of injury as a barrier to PA
engagement, particularly the lack of knowledge of safe activities, but enjoyed the group
exercise sessions (162). Even though the above-mentioned study audio recorded the FGDs and
collected the data at 3 points in time during the 12 weeks exercise intervention, it presented
with some limitations, such as the lack of IDI (162). Human behaviour is influenced by
collective behaviour and thought, thus conducting IDI is important for understanding the
importance of an individual’s behaviour (195). Semi- structured questions form an important
aspect of FGDs and IDIs. Semi-structured questions combine some structured questions to
obtain basic information with other questions that permit more flexible answers to convey ideas
and /or perceptions in an open ended manner (195). Furthermore, it is important to thoroughly
interrogate the barriers of engaging in exercise interventions during FGDs and IDIs, such
information is critical for providing guidelines for future interventions and to ensure

practicality and sustainability of future exercise interventions in low-resourced settings.

Perceived barriers to exercise and healthy eating among women from disadvantaged
communities in HICs has been documented in literature (198, 199). Focus group discussion
findings from African America women living with obesity from disadvantaged
neighbourhoods in the USA highlighted that insults from strangers about their body size,
feelings of intimidation and embarrassment about not being able to complete exercises due to

their body size were some of the barriers to exercise (198). In addition, cost, childcare, lack of
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time and low awareness of available PA and/or exercise offerings are some of the barriers to

PA reported by individuals from low socioeconomic setting in the UK (199).

On the other hand, some studies have reported weight loss as the primary motivation for
participation in exercise (200). Following a UK based 12-week aerobic or resistance-exercise
program among men and women living with overweight and obesity (+ 40.7 years) the views
and attitudes was that weight loss was the primary motivation for participating in the exercise
intervention (200). Additionally, the women perceived a failure to lose weight as strongly
affecting their motivation to continue or re-engage in exercise and a lack of knowledge of how

to perform certain exercises also emerged as a barrier (200).

Weight loss as the primary motivation for participation in exercise interventions was also
reported in another study examining the experiences of youth (aged 14 to 18 years) living with
obesity during their participation in the Healthy Eating, Aerobic and Resistance Exercise in
Youth (HEARTY) in Canada (201). Findings from the above-mentioned study reported that
exercise behaviour was influenced by a sense of achieving results and by family and peers (i.e,
supportive comments) (201). On the other hand, intrinsic reasons for exercise initiation have
been reported by other studies (202). Another study examining the effects of group-based high-
intensity functional training compared to moderate-intensity aerobic and resistance training
among physically inactive young (£28 years) women with obesity reported mostly intrinsic
reasons, such as enjoyment for exercise initiation (202). Extrinsic factors such as physical
appearance have also been reported to be one of the motivating factors for young women to

participate in physical activities (203).
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2.9 FACTORS THAT DETERMINE ADHERENCE TO EXERCISE TRAINING

Weight loss and muscle tone are shown to be some extrinsic motivating factors for participating
in exercise training (204). Extrinsic motivation is defined as participating in a behaviour for
external rewards (204) and is one of the motivations found within the Self-Determination
Theory (SDT) (205). According to McLachlan and colleagues (204), in Self-Determination
Theory, behaviour is driven by three fundamental psychological needs, including the needs for
competence, autonomy, and relatedness (204). Furthermore, within the SDT there are multiple
constructs such as autonomy support, psychological needs and motivation that explain the PA
behaviour change process (205). Autonomy support refers to one’s perception of their social
environment to the extent to which it provides choices and options, acknowledges one’s
opinion, and provides rationale when suggesting choices. Higher levels of autonomy are
reported to positively influence one’s psychological needs for autonomy, competence, and
relatedness (205). Satisfaction of these three psychological needs (autonomy support,
psychological needs and motivation) tend to lead to greater levels of self-determined

motivation (205).

Additionally, within SDT a conceptual distinction is made between motivation and goal
content, whereas motivation focuses on the “why” or reasons underlying behavioural
engagement, goal content refers to the “what” or objective of goal striving (204). Sweet et al.,
have shown that self-determined individuals participate in exercise because they derive
pleasure and satisfaction from it, while non-self-determined individuals do not have a
meaningful relationship with being physically active (205). Results from a randomized
controlled trial in women analysing the impact of a 1-year weight management intervention
concluded that interventions grounded in the SDT can be successfully implemented in the
context of weight management and facilitating exercise adherence (206). In addition, the

intervention group showed significant weight loss (-7.29%,) and higher a volume of exercise
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(+138 £ 26 min/d of moderate plus vigorous exercise; +2,049 + 571 steps/d), compared to
controls (P<0.001) (206). Some authors argue that theory integration is essential because there
is a need to move to a multi-theoretical understanding of physical activity (205). While others
state that the use of theory-based intervention studies helps distinguish which components work

to produce expected outcomes, and to what extent (206).

According to Sweet and colleagues, SDT is aligned to Self-Efficacy Theory (SET) as they are
both based on the ideology that human beings are agents of their actions (205). Even though
both these theories present with a similar metatheoretical ideology, they are said to present with
differences in views (205). It is said that individuals act when they feel capable and able to
attain the goal in the SET (205). On the other hand, autonomy plays a great role and that
feelings of capability and competence are important in the SDT (205). A behaviour is said to
be autonomous, by feeling a sense of determination and having the opportunity to choose, start
or continue the behaviour (207). Additionally, from the perspective of the SDT, motivation for
the persistence of an activity is retained when an individual's psychological needs are satisfied
(176). The likelihood of executing and sustaining a behaviour is greater if an individual feels
autonomous (205). The concept of self-efficacy in the SDT is a more distal factor to behaviour
as it is assumed to have a direct relationship with self-determined motivation in place of
behaviour (205). Dissimilarly, self-efficacy is said to have a direct influence on behaviour, thus

making it a proximal factor in the Self-Efficacy Theory (205).

Self-efficacy refers to one’s confidence to participate in exercise, overcome barriers, and
organise time and responsibilities around exercise (205, 208). Self-efficacy measurement tools
such as the GSE scale have been culturally adapted and validated in low-income settings such
as Uganda (209). Self-efficacy comprises of the three domains, including (1) task self-efficacy;

one’s confidence to participate in exercise (205), (2) barrier self-efficacy; one’s ability to
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overcome barriers related to exercise and being physically active (205) and (3) scheduling self-
efficacy; organise time and responsibilities around exercise (205). However, very little is
known about the role of these factors in the context of the challenges that women from low
socioeconomic settings encounter. It is said that task self-efficacy and scheduling self-efficacy
may be important factors in promoting exercise behaviour because they are related to abilities
integral to performing elemental dimensions of exercise and regulating schedules under

challenging conditions (208).

According to the Social Cognitive Theory (SCT), self-efficacy is a focal determinant of health
behaviour change, because it is the common pathway through which self-regulatory efforts
influence health functioning (210). Furthermore, SCT comprises of core determinants such as
knowledge of health risks and benefits of different health practices (210). It is said that
knowledge of health risks and benefits creates the precondition for change (210). Whereas
inadequate knowledge about the negative impact of a persons’ lifestyle habits on their health
may result in minimal behavioural changes (210). Beliefs of personal efficacy play a critical
role in behavioural change (210). Furthermore, humans regulate their behaviour through self-
evaluative reactions and engage in activities that give them self-satisfaction and self-worth
(210). However, it is important to note that regulation of behaviour is not solely a personal
matter, but it is also influenced by the availability of resources (210). Findings from a study
that applied the SCT as a framework and reported that perceived self-efficacy and perceived
social support emerged as the strongest determinants of bodyweight exercise (211). Moreover,
perceived social support was shown to have a stronger direct effect on exercise behaviour for

women than for men (211).
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2.10 LITERATURE CONCLUSIONS

In summary, the studies presented in this dissertation demonstrate that Black SA women
typically meet the recommended PA guidelines, with majority of their daily PA accumulated
through walking. The research findings on the physical behaviours among this population also
indicate that even though Black SA women meet the recommended PA guidelines, this does
not prevent weight gain and the high prevalence of overweight or obesity among this
population. Black SA women have indicated interest in group exercise sessions, but research
report a low percentage of Black SA women participate in leisure time PA, which is usually
achieved at MVVPA. | am only aware of two exercise intervention studies that were conducted
among young Black University women (156) and rural dwelling women (167), and they present
with the following limitations; the intervention among the University women did not have a
control group, both interventions did not objectively measures body composition such as the
DXA, did monitor changes in physical behaviours, did not interrogate the changes in perceived
body image and self-efficacy in response to the intervention, and did not explore the women’s
experiences and perceptions of the intervention (156, 167). Nonetheless, recent research by
Makamu-Beteck and colleagues (162) explored the influence of an exercise intervention on the
perceptions and knowledge of modifiable risk factors for NCDs among women from a low-
resource setting. However, they did not thoroughly interrogate the barriers and facilitators of
engaging in an exercise intervention. Furthermore, the effect of an exercise intervention on
habitual physical behaviours, such as increased compensatory SB in response to the exercise

intervention are not known among Black SA women from a low socio-economic setting.
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CHAPTER 3

Methodology
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3.1 ETHICAL APPROVAL AND CONSIDERATIONS

This study was conducted according to the Declaration of Helsinki guidelines involving human
participants (212) research. Ethics approval for this study was obtained from the University of
Cape Town Faculty of Health Sciences Human Ethics Committee (HREC/REF: 054/2015) for
the larger (parent) study (Appendix A) and (HRE/REF: 049/2016) for the current thesis
(Appendix B). The research assistants explained the purpose of the study to all participants in
their preferred language. Thereafter, all participants were required to sign an informed consent
form prior to screening and testing procedures (Appendix C). The trial was retrospectively

registered in the Pan African Clinical Trial Registry (PACTR201711002789113).

3.2 RECRUITMENT OF PARTICIPANTS

With the assistance of two field workers, participants were recruited from Khayelitsha through
advertisements on Facebook (Appendix D) and the distribution of recruitment flyers around
the community and shopping malls (Appendix E). Participant recruitment and testing
procedures occurred over 22-months, between July 2015 and April 2017. According to the
2015 City of Cape Town (Western Cape Province) socioeconomic profile, low socioeconomic
areas are classified using average household income (213). Khayelitsha is classified as one of
the low socio-economic areas in Cape Town, with only 31% of the participants earning more
than 5000 South African Rands, equivalent to approximately 290 US Dollars ($) a month (214).
IsiXhosa is the most commonly spoken African language in the Western Cape Province.
According to the South African 2022 census statistical release report (215), the total population

in Khayelitsha township is 391,749 and 98.6% of the population is Black African.
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3.3 SAMPLE SIZE DETERMINATION

The data reported in this thesis are secondary endpoints from the primary study. The main aim
of the primary study was to explore the changes in insulin sensitivity in response to the 12-
week exercise intervention (214). The sample size determination was based the study of
Nordby et al (216) with a significance level of p<0.05 and power of 80%. On the basis of the
change in normalized glucose clearance (measured using a euglycemic hyperinsulinemic
clamp) from pre- to postintervention (12-week aerobic training) compared with the nontrained
control group (8.2 [SD 5.9] vs —1.8 [SD 6.2] mL/kg/min FFM/nmoL/L insulin, respectively),
6 participants per group would be required to detect a significant difference between groups
(214), corresponding with numbers from Ortega et al (217). To account for the secondary
outcomes using changes in skeletal muscle glucose transporter (GLUT)4 in response to a 12-
week training program as the proxy (0.65 [SD 0.69] vs 0.01 [SD 0.69] AU for training vs
control group), 18 women would be required to detect a difference between groups (217).
Based on a dropout rate of 10% (2/20), 20 participants per group was selected on the basis of
these calculations.

3.4 SCREENING

Inclusion criteria for the current study was : i) self-reported ancestry isiXhosa speaking (both
parents) Black South African women between the ages of 20-35 years; ii) living with
overweight or obesity (BMI >25 kg/m?); iii) weight stable (weight not changed more than 5
kilograms (kg) or no change in clothes size over the past 6 months); iv) sedentary (not
participating in exercise training of >1 session of >20 min per week within the last 12 months
) ; V) on injectable contraceptive (depot medroxyprogesterone acetate, 400 milligrams (mg),
we standardised the contraceptive method as the most commonly prescribed in a South African
cohort for a minimum of 2 months (218) ; vi) no known metabolic or inflammatory diseases;

vii) no hypertension ( >140/90 millimetres of mercury (mmHg)), diabetes (random plasma
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glucose concentration of >11.1 millimoles per litre (mmoL/L)), HIV or anaemia (hemoglobin
(Hb) <12 g/dL) ; viii) not taking any medications; ix) non-smokers; x) not currently pregnant
or lactating; xi) no orthopaedic or medical problems that may prevent exercise participation;

xii) no surgical procedures within the last 6 months (214).

Participant screening took place at the David Flude Memorial Church hall in Khayelitsha
(Western Cape Province, South Africa). Figure 2 below outlines the assessment of participants
for eligibility, enrolment, study design, intervention, allocation, follow-up, and analysis.
During the assessment of participants for eligibility, the researcher and research assistant
explained the purpose of the study to all participants in their preferred language. Participants
were required to complete the physical activity readiness questionnaire (142) (Appendix F).
The purpose of completing this standard pre-exercise questionnaire was to assess the
participants’ risk for participating in an exercise programme (142). Participant who answered
‘yes’ to any of the questions were excluded from the study. For the HIV screening, pre- and
post-test counselling was conducted by a trained counsellor fluent in English and IsiXhosa. A
(rapid anti-HIV [1&2]) test, Advanced quality (InTech Product, Xiamen Chana) test kit using
needle prick was used to conduct the testing. Participants presenting with a positive HIV test

were excluded from the trial and referred to a local HIV clinic for management.

Body weight was measured in light weight clothing, on a portable electronic scale (BW-150,
NAGATA, Tainan, Taiwan). Height was measured without shoes in a Frankfort plane using a
stadiometer (3PHTROD-WM, Detecto, Missouri, USA). Both weight and height
measurements were recorded to the nearest 0.1 kg and 0.1 cm, respectively. Body mass index
was calculated as weight in kilograms divided by the height in meters squared (kg/m?) (219).
Furthermore, body mass index was classified according to the WHO guidelines: overweight

was classified as BMI between 25-29.9 kg/m? and obesity >30 kg/m? (8).
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Blood pressure was measured in a seated position, 3 times at 1-min intervals using an
automated blood pressure monitor (Omron 711, Omron Health Care, Hamburg, Germany). The
means of the final 2 measurements for systolic and diastolic blood pressure were used in
statistical analyses. Hypertensive participants were excluded from the trial, hypertension was
defined as SBP and/or diastolic blood pressure (DBP) >140/90 mmHg (142). Overnight Fasting
(10-12 hours) venous blood samples were drawn from all the participants’ antecubital vein at
baseline (pre-intervention) and after 12 weeks (post-intervention) for the analysis of
glycosylated haemoglobin (HbAL). Participants with a HbAlc >6.5% were excluded from the

trial as this is an indication diabetes (220).
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Figure 2: Consort diagram outlining the screening of participants for eligibility, enrolment,

allocation, follow-up and analysis
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3.5 STUDY DESIGN

As shown in figure 3, this was a randomized controlled study. The randomized controlled trial
design was chosen to address the main aim of the primary study, which was to explore the
changes in insulin sensitivity in response to the 12-week exercise intervention. This thesis
reports on the secondary outcomes. The principal investigator conducted block randomization
(Microsoft Excel, 2013) after the participants completed the pre-intervention screening to
ensure that researchers performing the testing were blinded to group allocation. Forty-five
women met the inclusion criteria and were block randomised (2-4 participants) into either an
exercise group (n=23) or a control group (n=22). Pre and post intervention quantitative
measurements took place 3 days before and 3 days after the intervention. Focus group
discussions and IDIs were conducted 1-4 months after the completion of the 12-week
intervention to ensure that there were enough participants for each group discussion. As shown
in figure 3, all participants (n=45) were invited to participate in FGDs and IDIs post

intervention.

Quantitative measurements comprised of body composition and fat distribution, socio-
demographic and a basic health information questionnaire including questions on self-reported
self-efficacy and perceptions of body image. Participants were also issued with accelerometers
to wear for seven consecutive days on week 0, 4, 8 and 12 for the purpose of monitoring
habitual PA and SB. Both the control and exercise group were advised to maintain their normal
dietary behaviour, while only the control group participants were asked to maintain their
normal physical behaviours throughout the 12-week study period. Following the completion
of the intervention, the control group were offered the opportunity to participate in 12 weeks

of exercise-training.
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Figure 3: Schematic overview of testing procedures
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3.6 SOCIO-DEMOGRAPHIC AND BASIC HEALTH INFORMATION
QUESTIONNAIRE

An isiXhosa speaking field worker administered the socio-demographic, behavioural and basic
health information questionnaire (Appendix G) at baseline and post the intervention. This
questionnaire included questions on age, ancestry, exercise training, and measures on SES
which includes asset index, household density, food security, educational status and current
employment status. Electricity in the home, ownership of a television, radio, motor vehicle,
fridge, stove/oven, washing machine, telephone, video machine, microwave, computer, cellular
telephone and paid television channels (MNET or DSTV) was used to determine the
individual’s household wealth and resources, also referred to as the Asset Index (31). The
number of persons in the household divided by the number of rooms was used to define

household density (31, 39).

Education status (last standard passed) was categorised into 2 categories, 0- no higher
education and 1- enrolled for higher education. The no higher education category included
those participants with no formal education until grade 12. Employment status was categorised
into 3 categories, 0-student; 1- formal and informal employment and 2- unemployed. Home
type was categorised into either 1- house and 2- shack (informal house). Marital status was
categorised into either 1-married and 0-unmarried (single, divorced and living with partner).
Behavioural factors included self-reported smoking status (smoker or non-smoker). Frequency
of alcohol consumption in a 4-points ordinal scale ranging from “Never”, “monthly or less” to
“2-4 times per week”. Family history of disease and obesity was indicated by the following:

“Yes”, “No” and “don’t know”.
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3.7 PERCEPTIONS OF BODY IMAGE

Body image perception was assessed pre and post the 12-week intervention using a set of nine
silhouettes (Appendix G), also known as figure rating scales (FRS) (22) as presented in figure
4. These silhouettes have been validated in South African women previously (189). The
participants were required to choose a silhouette that best represented the following:

i) Their current body size (feel silhouette)

i) Their ideal body size (ideal silhouette)

iii) A normal weight person

iv) A thin person

V) A person with obesity.

A ‘Feel-Ideal’ Discrepancy (FID) score, which measures body size dissatisfaction, was
calculated by subtracting the ‘ideal’ from the ‘feel’ silhouette (186). A discrepancy score
between perceived and actual weight (PAD) was calculated by subtracting the silhouette
representing actual BMI status (Figure 4) from the ‘feel’ silhouette (190). A negative PAD
score represents underestimation of weight status, a positive PAD score represents an
overestimation of weight status, and a zero PAD score represents the accurate perception of
weight status (190). In addition, participants were asked to classify their body weight status as

either underweight, normal weight, overweight or obese.
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Figure 4: Stunkard’s silhouettes body image rating scale for women (188)

3.8 GENERALIZED SELF-EFFICACY

Perceived self-efficacy was measured by means of the Generalized self-efficacy (GSE) scale
(Appendix G ) developed by Schwarzer and Jerusalem (221), comprising of 10 questions with
four possible answers: (1) “Definitely not”; (2) “Disagree”; (3) “Agree slightly” and (4)
“Exactly true”. The scores for each of the 10 items are added to indicate a total score (221).
Higher scores indicate that the individual possessed a higher GSE (221). Generalized self-
efficacy is a belief of one’s competency to cope with broader range of stressful or challenging
demands, while self-efficacy is understood to be either task or domain specific (7). In addition,
GSE is reported to reflect a generalization across various domains of functioning in which
people use to judge how successful they are (7). The GSE scale has been used in other low-
income settings such as Uganda where it was culturally adapted and validated (209). Findings
from the above-mentioned study reported promising psychometric properties, but
recommended that larger studies with repeated measures be conducted to further assess the

adapted scale’s factor structure, validity, reliability and stability over time (209).
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3.9 DIETARY INTAKE

Dietary intake was measured by a registered dietician using a 24-hour recall (Appendix G) and
a 3-day dietary record, including 2 weekdays and 1 weekend day (214) and the 4 days were
averaged. In addition, a food frequency questionnaire was administered before and following
the intervention (214). Nutrient intake was calculated using the South African Food
Composition Database System (South African Food Composition Database, South African

Medical Research Council), Cape Town, South Africa.

3.10 HOUSEHOLD FOOD INSECURITY

The current study used the household food insecurity access scale (Appendix G) for the
measurement of food security (222). According to Altman and colleagues (223), food security
is multidimensional in nature and changes over time, thus making accurate measurement.
Furthermore, it is important to note that there is no regulated, specific or accepted ways of
monitoring food security in SA (223). However, the household food insecurity access scale
has been used in the South African National Health Survey (224). The household food
insecurity access scale comprises of 9 generic questions on concerns around access and
availability of food with a recall period of 30 days (222). Participants who answered “No” to
any of the questions were required to proceed to answer the next question (222). Participants
who answered “Yes” to any of the questions were requested to describe the frequency, with
answers ranging from “rarely”, “sometimes” and “often” (222). The household food insecurity
access scale yields 4 types of indicators that can be calculated to help understand the
characteristics and changes in household food insecurity (access) in the surveyed population
(222). These indicators provide information on (1) household food insecurity access-related
conditions; (2) household food insecurity access-related domains; (3) household food

insecurity access scale score and (4) household food insecurity access prevalence.

92 |Page



The household food insecurity access prevalence indicator is used to report household food
insecurity (access) prevalence and make geographic targeting decisions (222). This indicator
categorizes households into four levels of household food insecurity (access): 1= food secure;
2= mildly food insecure access; 3= moderately food insecure access and 4= severely food
insecure access (222). In this thesis, food secure and mildly food insecure variables were
grouped and moderately food insecure to severely food insecure variables were groups to report
food security as a binary outcome.

3.11. MEASUREMENTS

3.11.1 Anthropometry and DXA-derived body composition

Height, weight and BMI were collected as described above. Waist circumference was measured
with a tape measure at the level of umbilicus, and hip circumference at the largest protrusion
of the buttocks to the nearest 0.1 centimetre (cm) (214). Baseline and post intervention sub-
total body composition (whole body composition minus head) including FM and fat-free soft
tissue mass (FFSTM), were measured using DXA (DXA, Discovery-W, software version
12.7.3.7; Hologic, Bedford, MA, USA) according to standard procedures. Participants whose
body proportions exceeded the DXA scanning area were analysed using the arm-replacement
method, which applies the replacement of data obtained for the left arm with the data obtained
for the right arm (225). Abdominal subcutaneous visceral adipose tissue (SAT) and visceral
adipose tissue (VAT) areas were estimated from DXA as previously used in other studies
comprising of a similar population (226). The DXA measure of VAT has been shown to
perform as well as a clinical read of VAT from a computerised tomography scan (227). All

scans were performed by the same qualified radiographer.
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3.11.2 Cardiorespiratory fitness

Cardiorespiratory fitness was determined by measuring the VOzpeak, the maximum amount of
oxygen that an individual can utilize during intense or maximal exercise (142) using a walking
treadmill-based, graded exercise test (C, Quasar LES00CE, HP Cosmos, Nussdorf-Traunstein,
Germany). Prior to the exercise test, participants were familiarized to the equipment. Heart
rate was monitored throughout the exercise test to determine the peak heart rate (HRpeax) (142)
(Polar A300, Kempele, Finland). The first 6 minutes of the exercise test was based on a
modified Bruce protocol (228) to obtain three stages of steady state metabolism. Subsequent
minutes were designed to obtain VO2peak USing a ramp protocol, adapted from Takagi et al
(229). The exercise test began at 3 km/hr at a 2% gradient for 2 minutes. The gradient increased
by 2% for a further two 2-minute segments. The following stages increased by 2% gradient
every minute until 16% gradient was achieved. Thereafter, an alternate increase in speed (0.5
km/hr) and gradient (1%) was applied until volitional exhaustion. This protocol was used as it
was deemed appropriate given that at baseline, the participants were physically inactive and

reported being unfamiliar with gym-based exercise equipment.

3.11.3 Accelerometery

At baseline, and weeks 4, 8, and 12 of the intervention, PA and SB were measured
simultaneously using accelerometers ActiGraph (ActiGraph GT3X+, ActiGraph LLC,
Pensacola, Florida) and activPAL,; (activPAL 4 micro, PAL Technologies, Glasgow, UK,

Figure 5) for seven consecutive days, 24 hours a day (197).
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(@) GT3X+ Actigraph (b) activPAL 4

(c): Participant wearing the GT3X+ accelerometer and ActivPal simultaneously

Figure 5: (a): Example of the GT3X+ ActiGraph; (b): ActivPAL4 and (c): participant wearing

the accelerometers and simultaneously.

Participants were instructed to wear both the devices at all times, however, the ActiGraph
needed to be removed during water activities such as bathing and swimming. The activPAL4
was worn on the thigh under a Tegaderm dressing to provide permanent waterproof attachment
without removal. During the first visit, participants were educated on proper placement and use

of the accelerometers. The GT3X+ ActiGraph accelerometer was worn around the waist on the
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right mid-axillary line of the hip, attached via an elastic waist band (230). Each GT3X+
ActiGraph accelerometer was initialised at a sampling rate frequency of 60 Hz (1 min Epoch)
using the ActiLife v.6.10.1 software (230). Data collected within short epoch time provides
exposure information at the highest resolution and can be summed up into longer epochs (95).
Even though the inclinometer feature of the GT3X+ ActiGraph is able to detect sitting, standing
and lying positions (230). The GT3X+ ActiGraph also provides acceleration in three individual
orthogonal planes; vertical, anterior-posterior and medio-lateral and provides activity counts
as a composite vector magnitude of these three axes (100). The device was set to start collecting

data on the day of fitting and was returned after seven consecutive days of wear.

The ActivPAL4 ™ has a sampling frequency of 10 Hz (139) was used to measure time spent
sitting, standing and stepping (111), and sit to stand transitions (114). The ActivPAL4 is
designed to be worn on the mid anterior thigh (99). The ActivPAL is regarded as the gold
standard for measuring SB (96) and has also been shown to be more accurate than both waist-
and wrist-worn ActiGraphs for determining both sitting, standing activities (231), stepping
time (99) and step counts in adults (232-234). The ActivPAL is reported to be accurate in the
measurement of breaking up prolonged sitting time (how often a certain amount of sedentary
time is interrupted with activity) (231). This device has an inbuilt inclinometer that is able to
determine posture (i.e. whether the wearer’s thigh is horizontal, as in sitting or lying, or vertical
as in standing or walking) (139). Differentiating between standing and sitting or lying is an

important component of understanding and quantifying SB (235).
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3.11.4 Accelerometery analyses

The ActiLife v.6 software (Pensacola, FL; USA) was used to analyse the GT3X+ ActiGraph
PA data. Participants completed a sleep log diary to record their daily sleep and wake up times
(Appendix H). This was used to exclude sleep time when quantifying daily sedentary time.
Research has indicated that it is difficult to make conclusions regarding total time spent lying
awake or asleep without a self-report log for sleep time (230). Each day was visually inspected
together with the sleep diary for sleep and wake up times, to calculate the awake time for all
the participants, as shown in figure 6. Only SB from awake time (and not sleep time) was
reported in this study. Non-wear time was identified as a period of consecutive zero counts,
suggesting that the device had been removed, and zeros were removed from data analyses (95).
Non-wear time was subtracted from the 24 hours wear time in order to determine total wear

time (119).

Where the device was given to the participants in the middle of the day and the device was set
to start collecting data on that day, the first day of wear was excluded as it was deemed a
familiarisation day and was not representative of a typical day. Where devices were set to start
collecting data from midnight, the first day was not excluded. Participants were excluded from
data analysis if they had less than three days of at least 600 minutes per day (10 hrs/d) (101,
119), following the removal of nocturnal sleep and non-wear periods. Where the devices were
worn for more than 7 consecutive days and nights, the first 7 valid days (not necessarily
consecutive) were used for analysis. For participants in the exercise group, a data set was
included if the data set comprised a minimum of at least one non-exercise day and one exercise
weekday. For participants in the control group, a data set was included if the data set comprised

a minimum of two days.
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Figure 6: Example of the waist worn GT3X+ ActiGraph accelerometer output during visual
inspection.

The ActivPAL analyses (v.8.11.1.49 software PAL Technologies Limited, Glasgow, UK) used
CREA-enhances algorithm to analyse daily step counts, number of sit-to-stand transitions, total
time spent in sedentary bouts of more than 30 and 60 min, total time spent sleeping (primary
lying time), napping (secondary lying time), sedentary (sitting or lying) standing and stepping

(Figure 7).
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Figure 7: Example of the posture detection thigh-worn ActivPAL sedentary behaviour output.
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Accelerometery data was explored as a total minute in each PA intensity and SB and reported
in min/d. The current thesis also considered accelerometery data as each individual day of data
(i.e., participants with seven valid days of data had all seven days considered in the model,

averages were not used for the analyses).

3.11.5 Objectively Measured Physical activity and sedentary time cut off points

The Troiano cut points were used to categorise PA (119), 100-2019 cpm was categorised as
LIPA, 2020-5998 cpm classified as Mod PA and >5998 cpm categorised as Vig PA (119).
Moderate-to-vigorous physical activity was determined by the average of the combined Mod
PA and Vig PA. While total physical activity was determined by adding LIPA and MVPA (i.e.,
all activity >100 cpm). Sedentary behaviour included all activity below the total physical

activity threshold (<100 cpm).

3. 12 EXERCISE TRAINING INTERVENTION PROGRAM

This 12-week exercise training intervention was structured in a staggered manner with 2-5
participants starting the intervention every week. The exercise sessions were conducted in a
group setting and supervised by a Biokineticist (Exercise Physiologist) registered with the
Health Professions Council of South Africa at the David Flude Memorial Church hall in

Khayelitsha and Sport Science Institute of South Africa, University of Cape Town.

As shown in Table 5, the exercise intervention structure comprised of continuous aerobic
training (70-85% HRmax) and resistance training (60-70% HRmax) 4 days per week. The
exercise training sessions started at 40 minutes per session on the first week and progressing to
60 minutes per session on week 12 for the intervention group (Table 5). The exercise
intervention design was based on the results from focus group discussions conducted in Black
South African women who showed interest in participating in a community based exercise

intervention and suggested exercises such as dancing, aerobics and lifting weights (46).
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The group exercise sessions included 5-10 participants. The aerobic training component
included dancing, running, skipping, and stepping, while the resistance exercises started with
participants using their own body weight to perform exercises such as squats, lunges, push-
ups. Participants then progressed to using equipment such as a 1 kg dumbbell on the last 6
weeks of the intervention to using 2.5 kg dumbbell on week 12 of the intervention. The
respective exercises were altered to ensure progression and to maintain the required intensity

throughout the 12-week intervention.

Heart Rate (HR) monitors (A300, Vantage NV, Polar, Finland) were used to monitor HR during
every exercise session. Each HR monitor was marked with each participant’s code in order to
ensure that the correct HR was downloaded for each participant after every training session.
The Biokineticist presenting the exercise sessions explained the purpose and function of the
HR monitors to the participants. Furthermore, participants were constantly reminded to check
their HR monitors during the exercise session to monitor if they were still training within the
required exercise intensity. Participant were familiarised with the RPE Borg scale between 6-
20 (236), which was collected from each participant 10 minutes after each training session.
Exercise dose response was calculated by multiplying the percentage HRpeak with the number
of attended exercise sessions. Participants were reimbursed for their transport costs to the
training venue, their time for each completed exercise session, as well as the physiological
testing. The control group participants were provided the opportunity to take part in the
supervised exercise sessions post 12-weeks testing. Research has consistently shown that
regular exercise increases CRF (17, 20, 149, 150), reduces cardio-metabolic risk factors such
as obesity (2, 17, 20, 147, 149), abdominal obesity (17, 20, 147, 148, 156) and unfavourable
lipid profile (147, 148, 156). Based on this knowledge it was deemed unethical to withhold this
opportunity from the control group. Furthermore, the same re-imbursement for time and

inconvenience was afforded to the control group.
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Week 1 Week 2 | Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 Week 10 | Week 11 Week 12

Duration 40 40 40 40 45 45 50 50 55 55 60 60

(min)

Total aerobic | 30 30 28 28 33 30 35 32 37 37 40 40

time (min)

Total 10 10 12 12 12 15 15 18 18 18 20 20

resistance

training time

(min)

Repsand sets | 10 X 3 15X 3 10X 3 15X 3 10 X3 15X 3 20X 3 20X 3 10X 3 15X3 10X 3 15X3
(1kg) (1kg) (1.5kg) (1.5kg) (1.5kg) (1.5kg) (2kg) (2kg D) (2.5kg) (2.5kg

DB)

Session 4 times a week

Frequency

Aerobic 70- 85% HRmax, monitored using the A300, Vantage NV, Polar Heart Rate Monitor

Intensity

Resistance 60-70 % HRmax, monitored using the A300, Vantage NV, Polar Heart Rate HR Monitor

Intensity

Min-minutes, HRmax- maximum heart rate, Reps- repetition, kg- weight of dumbbells in kilograms
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3.13 FOCUS GROUP DISCUSSIONS AND IN-DEPTH INTERVIEWS

Focus group discussions and in-depth interviews were conducted 1-4 months after the
completion of the 12-week intervention to ensure that there were enough participants for each
group discussion. All recruited participants (n=45) were invited telephonically to participate in
the FGDs and required to sign the focus group discussion and in-depth interview consent form
(Appendix 1) Participants who dropped out of the intervention (n=10) and participants in the
control group who refused the opportunity to participate in the exercise training at the end of
the study (n=7), were also contacted, with the intention to understand potential barriers relating
to participating in the intervention. However, we were either unsuccessful in contacting these
participants or they were not willing to participate. During the telephone recruitment for the
FGDs, participants were informed that they would be remunerated with R50 South African
Rands to cover their transport costs to the venue and R20 South African Rands to compensate

for their time and inconvenience.

Participants who seemed to have the strongest opinions during the FGDs were invited to
participate in the IDIs, optimising the opportunity to further explore the themes identified and
adding to the richness of the information collected during the FGDs (237). The moderator and
the scribe selected these participants in a debriefing session after each FGD using the notes
taken by the scribe to consider the flow of the group discussion and the contribution of the

various participants.

The semi-structured FGDs (Table 6) were formulated by the research team based on previous
qualitative work done in a similar group of women from the study community (46). The focus
group questions were aimed at investigating the participants’ perceptions about the exercise
intervention, and barriers and motivators that might have influenced compliance during the

exercise intervention. The interviewer allowed the participant to share her experiences of the
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exercise sessions, while prompting her to elaborate on salient points arising from the focus
groups. The voices of most of the participants were therefore heard and additional data was
collected through the IDIs to ensure that all issues raised in the FGDs were adequately explored.
The IDIs contained a single open-ended question to allow the interviewer to follow topical
trajectories in the conversation, as well as provide the participants freedom to express their
views in their own terms (238, 239). The purpose of the IDIs was to eliminate the influence of
others’ opinions that could have occurred during the FGDs (237). A trained facilitator and
scribe who were fluent in both English and IsiXhosa, the vernacular of the study population,
conducted all the FGDs and IDIs. This ensured that no participant was excluded from the FGDs

because of language barriers (240).

The FGDs and interviews were audio recorded and a scribe made notes during the FGDs. The
FGDs and IDIs were conducted at the data collection site and took between 45 and 60 minutes.
No time restriction was set for these discussions and the duration was deemed appropriate for
the number of participants in the FGDs and the question schedules. The audio recordings were
transcribed from IsiXhosa into English by an independent translator, fluent in both English and
IsiXhosa. The accuracy of the transcriptions both in tone and language against the notes taken

by the scribe were checked.
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Number Focus group discussion gquestions

1 Can you please briefly share with us what you have been up to since we last saw
you?

2 What is the first thing that comes to mind when you hear the word ‘exercise’?

3 What are your perceptions about exercise?

4 What are some of the things that influenced you to attend the exercise sessions?
This can either be barriers or motivating factors.

5 What did you like the most about the exercise sessions?

6 What did you not like about the exercise sessions?

7 How did the exercise training affect your daily life?

8 What did your friends and family have to say when they found out that you are
exercising?

9 Is there anything that could be changed about the exercise training sessions to
encourage you to continue exercising and for your friends and family to start
exercising?

10 Of all the questions that were discussed today, is there one which you feel was
the most important to you?

In-depth interview question

1 How did you experience the exercise sessions?
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Chapter 4

Changes in physical behaviour patterns in response to a 12-week exercise intervention

in women living with overweight and obesity from a low- resourced setting.
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4.1 INTRODUCTION

Low CRF is one of the strongest predictors of all-cause mortality and the development of NCDs
(154, 155). There is indisputable evidence for the effectiveness of regular exercise for
increasing CRF (17, 20, 149, 150), and reducing cardio-metabolic risk factors that include
obesity (2, 17, 20, 147, 149), abdominal obesity (17, 20, 147, 148, 156) high blood pressure
and an unfavourable lipid profile (147, 148, 156). Regardless, one in four adults do not engage
in the recommended levels of PA (9). In response, ‘exercise is medicine’ was developed with
the primary goal of targeting the implementation of interventions that will prevent, slow, stop
and reverse the progression of chronic disease (157, 158). However, few exercise training
studies to date have been conducted in developing countries (17-19, 160, 161, 174) and even
less in low-resourced communities (156, 162-164). Women from low-resourced settings
participate in low levels of leisure time PA (13, 39), which are usually performed at a moderate
to vigorous intensity. Rather, women from low-resourced settings accumulate PA through
walking for transport, which is undertaken at a low to moderate intensity (12-14). Cultural
norms and fewer opportunities to access safe, affordable and appropriate opportunities to be
active are cited as some of the contributing factors to insufficient PA amongst these
communities (56). There is little data available on the changes in physical behaviour patterns

in response to exercise interventions in these settings.

Studies exploring changes in PA and SB patterns in response to an exercise intervention have
reported decreases in sedentary time (18, 174). This is of relevance as the recent PA guidelines
by WHO have suggested that in addition to increasing PA, there should be a focus on reducing
SB (83, 84). Sedentary behaviours have been associated with increased adiposity (241), risk of
obesity (133, 242), T2DM (133, 243) and MetS (244-247). Despite abundant literature
reporting on the adverse health effects of SB and recommendations by WHO, to date there is

insufficient evidence to quantify a specific SB threshold (83, 84). Other studies exploring
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changes in PA patterns in response to exercise interventions have also reported a shift in the
composition of daily PA towards higher intensity activity and this occurred at the expense of a
decrease in LIPA (248). A cross-sectional study of SA women from a low-resourced setting
showed that reallocating 30 minutes of LIPA to 30 minutes of MVVPA was associated with
1.8% lower total body FM (107). This research highlights the need for exercise interventions

to target an increase in MVVPA to improve CRF, reduce body FM and time spent in SB.

The primary aim of this randomised controlled trial was to evaluate the changes in PA and SB
patterns in response to a 12-week aerobic and resistance exercise intervention among women
living with overweight and obesity from a low- resourced setting. The secondary aim was to
determine the associations between changes in PA and SB patterns with exercise dose, and
changes in CRF and weight. We hypothesise that exercise training will increase TPA,
particularly MVVPA, which may result in less time spent in SB among the exercise intervention

group compared to the non-interventional control group.

4.2 METHODS

Detailed methods on the collection of all variables reported in this chapter are outlined in the
methods section (Chapter 3). Briefly, forty-five women met the inclusion criteria and were
randomised into either an exercise group (EXE; n=23) or a control group (CON; n=22). The
EXE group attended four weekly combined aerobic and resistance exercise training sessions
over a 12-week period. Questionnaires were used to collect information on age, ancestry,
exercise training, and measures on SES which includes asset index, household density, food
security, educational status and current employment status. The household food insecurity

access scale was used to measure food security (222).

The training load of every session was monitored with a HR monitor and RPE Borg scale (6-

20) scale (236). Percentage of maximum heart rate and RPE data were recorded for each
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session. Exercise dose was calculated as the mean %HRmax from all completed sessions
multiplied by the number of exercise sessions completed. Heart rate is often presented as a
percentage of age-predicted maximum HR (249) and the current study used the traditional
formula for age-predicted HRmax of 220-age (250). Pre and post intervention CRF and body
composition were determined by measuring VOzpeak and DXA scan, respectively.
Accelerometers were used to measure PA (ActiGraph GT3X+) and SB (ActivPAL) and were
worn simultaneously for seven days at baseline (week prior to exercise training), and again
during weeks 4, 8, and 12 of the intervention. Duration (minutes) and proportion of time (%)

spent in each physical behaviour are reported.

For the ActiGraph data, Troiano cut-points were used to categorise physical activity into LIPA,
MVPA, and TPA (119), and the proportion of time spent in the PA intensities was quantified.
Various ActiGraph cut-points are used to determine LIPA in adults, with some studies
classifying LIPA as 100-1951 cpm (39, 116, 117), while others classified it is as 100-760 cpm
(118) and 100-2019 cpm (16). LIPA is also defined as the intensity range between SB and

moderate intensity, comprising of activities with 1.5-2.9 METs (81).

The ActivPAL variables of interest included steps, total sitting time, number of sit-to-stand
transitions, number of sitting bouts and time spent in sitting bouts (30-minute and 60-minute).
Physical activity and SB variables were further differentiated into exercise days and non-
exercise days. Exercise days only included weekdays as this is when the exercise sessions were
hosted. Non-exercise days included both week and/or weekend days. Exercise adherence is

presented as number and percentage of sessions attended over the 12-week intervention.
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4.3 STATISTICAL ANALYSIS

Statistical analyses were performed using STATA (v.13, STATA Corp, College Station, TX).
Statistical significance was set at an alpha level of p<0.05. The Shapiro-Wilk test with visual
inspection of the data distribution was used to assess normality of the continuous data.
Continuous data are presented as mean + standard deviation if normally distributed (PA and
SB data). The median (25" - 75" percentile) are presented for skewed data such as FFSTM.
Fischer’s exact was used to analyse the difference between groups in categorical variables such

as employment status, educational status, marital status and food security at baseline.

T-test for independent samples was applied to assess the difference in normally distributed
continuous variables between groups. While Mann-Whitney U test for independent variables
was conducted to analyse the difference in skewed continuous variables between groups. A
two-way repeated measures analyses of variance was conducted to determine main and
interaction (group x time) effects of the exercise intervention on body composition and CRF.
Repeated measures mixed models were used to assess the change in all PA and SB variables
of interest over time (baseline, weeks 4, 8 and 12) between groups. For these analyses, averages
were not used, rather to capture the variation in the data, each individual day of data was
considered a single data point (i.e., all valid seven days considered in the model) in the mixed
models. Mixed models were run to compare the following:

1. CON vs EXE, all days considered.

2. CON vs EXE, non-exercise days only considered for EXE group.

3. CON vs EXE, exercise days only considered for EXE group.

Mixed models for all of the above (1, 2 and 3) included all four time points (weeks 0, 4, 8 and
12). To account for the three separate analyses conducted to explore the changes in PA and SB
in response to the intervention, Bonferroni correction was applied and the statistical
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significance was set at an alpha level of p<0.017 (p<0.05/3) for these analyses. Associations
between the change in PA (LIPA, MVPA, steps) and SB (sitting time, time in 60-minute bouts)
variables with exercise dose, and changes in CRF (VOzpeak) and weight (kg) were explored
using Pearson and Spearman’s rank correlations for normally distributed and skewed data,
respectively. Post hoc power analysis was conducted for all valid days to determine if the main
outcomes (SB, TPA and MVPA) were sufficiently powered based on the final sample size from

both the EXE group (n=20) and CON group (n=15) and significance level of p<0.05.

4.4 RESULTS

4.4.1 Participants characteristics

Participants were SA women from a low-resourced setting (Khayelitsha, Western Cape
Province), aged 21-27 years and living with overweight and obesity. Details of the total number
of recruited participants is illustrated in figure 2 under the methods chapter (Chapter 3). Briefly,
forty-five women met the inclusion criteria and were randomised into either the EXE group
(n=23) or CON group (n=22). During the 12-week exercise intervention, 3 participants from
the EXE group withdrew from the study, 1 due to pregnancy while the other two withdrew due
to time commitments, resulting in 20 EXE group participants completing the intervention.
Seven CON group participants withdrew from the study, 5 due to time commitments, and 2

were lost to follow-up, resulting in 15 CON group participants completing the intervention.

The median (IQR) age of the participants included in the analyses was 22 (21-24) years with
similar mean ages between the exercise and control groups (Table 7). There were no differences
in any of the sociodemographic variables between the groups at baseline (Table 7). Majority
of the EXE group (65%) reported being food secure to mildly food insecure, while majority of
the CON group (73%) reported being moderate to severely food insecure with a significant

difference between groups (p=0.027). Additionally, majority of the participants were
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unmarried, unemployed, with a household income of <R10 000 (<US$541.21) a month and
staying in a brick house (formal housing). There was no significant difference in education

level between the groups (p=0.234). No significant differences were observed in alcohol intake

between the groups (p=0.480).
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Variables EXE Group (n=20) CON Group (n=15) P-value
Age (years) 22 (21-24) 23 (21-27) 0.764
Household density 1.1+0.4 1.4+0.7 0.176
Asset Index 7 (5-9) 7 (7-9) 0.880
<R10 000 15 (75) 15 (100)
R10 000- R20 000 3(15) 0(0) 0.112
>R20 000 2 (10 0(0
Brick house 16 (80) 9 (60) 0.179
Informal housing 4 (20 6 (40

10 (50 0.556
Completed grade 12 (high school) 15 (75) 8 (57.14)
Did not complete grade 12 (high school 5 (25 6 (42.9 0.234
Married/cohabiting 3(15) 2 (13.3) 0.640
Not married 17 (85 13 (86.7
Never 7 (35) 9 (60)
Monthly or less 7 (35) 3 (20) 0.480
2-4 times a month 5 (25) 2 (13)
2-3 times a week 1(5 1(7
Food secure to mildly food insecure 13 (65) 4(26.7) 0.027
Moderately - severely food insecure 7 (35) 11 (73.3)

(%); EXE (exercise); CON (control).

Normally distributed continuous data reported as mean + standard deviation. Skewed and ordinal data reported as median (25" — 75" percentile). Categorical data presented as n
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4.4.2 Compliance to the 12-week intervention

A total of 48 exercise training sessions were conducted, in which participants attended on
average 77.2% (range: 52-100%). The heart rate responses were recorded during each exercise
session with a mean intensity over the 12 weeks of 79.6 + 4.0 %HRmax (Figure 8) and an RPE
(6-20 Borg scale) of 141 arbitrary units (AU) (Figure 9), which reflects training in the
moderate intensity zone throughout the intervention. Exercise dose (sessions attended

multiplied by the mean %HRmax) over the 12-week intervention report was 2572.4+504.6.

113 |Page



95
Week 0-4 of Intervention

Week 4-8 of Intervention

Week 8-12 of Intervention

90

[w's]
%))

co
o
Y
A}
|
I

(% HRmax)

-
%))

-~
=

65

Exercise Sessions

60
12 3 4 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48

Figure 8: Training load over the 12-week intervention reported as a percentage of maximum heart rate (Y0HRmax) during each exercise training

session. Data reported as mean + standard deviation.
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Figure 9: Training load over the 12-week intervention reported as mean rating of RPE on a 6-20 scale during each exercise training session. Data

reported as mean + standard deviation.
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4.4.3 Changes in body composition and cardiorespiratory fitness

Changes in body composition and CRF variables in response to the 12-week intervention are
displayed in Table 8. There was a significant group by time interaction for weight (p=0.007)
and BMI (p=0.006), such that they increased in the CON group and decreased in the EXE
group. Additionally, there was a significant group x time interaction observed for gynoid fat
(%FM; p=0.002), with a decrease observed in only the EXE group. Despite the changes in
weight, no significant changes were observed for DXA-derived abdominal VAT and SAT and
FFSTM between the EXE and CON group. Furthermore, VO2peax, €Xpressed in absolute terms
(ml.min?), relative to weight (ml.min?. kg?), or FFSTM (ml.min. FFSTM?), increased in the

EXE and not the CON group over the 12-week intervention (p<0.001 for interaction).
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EXE (n=20) CON (n=15) Unadjusted p values
Variables Pre Post Pre Post Time Group Group x time
interaction
Body composition
Height (m) 157458 | = - 16201 | - [ T e
Weight (kg) 84.1+8.7 83.319.7* 87.8+10.9 88.8+10.9* 0.787 0.187 0. 007
BMI (kg/m?) 34.1+2.8 33.8+3.1* 33.4+2.7 33.8+2.7 0.898 0.695 0.006
Fat-free soft tissue mass (kg) 36.6+3.5 36.6+3.6 38.315.6 38.845.8 0.405 0.239 0.347
Subtotal FM (kg) 38.6+5.5 38.6+6.7 40.3+6.9 41.2+6.2 0.179 0.366 0.199
Subtotal FM (%) 66.0+6.5 66.0+6.9 63.2+8.3 62.5+7.9 0.408 0.213 0.436
Android Fat (%) 8.3t1.0 8.1£1.0 7.9t14 7.9115 0.092 0.544 0.402
Gynoid fat (%) 18.5+1.7 18.2+1.5* 19.4+2.3 19.6+2.3 0.190 0.084 0.002
Visceral adipose tissue (cm?) 137.5+28.3 132.3+28.1 123.5+41.0 122.4+36.9 0.263 0.293 0.455
Subcutaneous adipose tissue 528.8+74.4 523.4+81.4 530+103.7 530.8+108.7 0.640 0.890 0.540
(cm?)
Cardiorespiratory fitness
VOgzpeak (MI.min?) 2077.4£211.4 | 2277.8£230.7* 2099.4+281.9 2032.3+196.2 0.130 0.100 0.004
VO2zpea (Ml.min. kg™) 24.9+2.4 27.6+3.4* 23.9+2.9 22.9+2.6 0.078 0.003 0.001
VOzpeak (Ml.Mint, FFSTM?) 57.1+5.6 62.5+.3* 55.4+8.5 52.9+7.7 0.143 0.009 0.001

All data is normally distributed and reported as mean + standard deviation. Categorical data reported as n (%). Abbreviations: VAT (visceral adipose tissue); SAT
(subcutaneous adipose tissue); FM (fat mass); EXE (exercise); CON (control); (FM) fat mass; (FFSTM) fat free soft tissue mass; (VOzpeak) peak oxygen uptake; (ml.min?)
millilitres per minute; (ml.min?. kg*) millilitres per minute per kilogram; (cm2) square centimetre; (kg) Kilograms; (m) Meters; (kg/m2) Kilograms per square meter;
Significant within group change p<0.05*.
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4.4.4 Changes in physical activity and sedentary behaviour patterns in response to the
intervention

4.4.4.1 Mixed-models analysis comparing all valid days in EXE and CON groups.

Physical activity and SB for all valid days in EXE and CON groups are reported in Table 9.
Considering all valid days and compared to the CON group, MVVPA increased in the EXE group
from baseline to weeks 4 (p<0.001), and remained elevated compared to baseline at weeks 8
(p<0.001) and 12 (p<0.001), with no changes observed in the control group. In addition, the

power for MVPA in min/d and % for weeks 4-12 was between 98%-99%.

This translated to only the EXE group showing a significant increase in TPA (%) from baseline
to week 8 (p=0.008) and week 12 (p=0.001), but TPA (%). However, TPA in min/d and % for
weeks 4-12 were not sufficiently powered, with the power between 12%-24% and 11%-41%
respectively. The number of steps increased from baseline to week 4 (p=0.008), week 8
(p=0.001) and 12 (p=0.001) in the EXE group, whereas no change was observed in the CON
group. Furthermore, daily steps were sufficiently powered for weeks 4-12, with the power

between 94%-99%. In contrast, there were no changes in LIPA over time in either group.

In terms of SB variables, even though sit-to-stand was not sufficiently powered for weeks 4-
12, with the power of 0.05%, a significant group x time interaction was observed for sit-to
stand transitions (p=0.016), with the EXE group demonstrating an increase from baseline to
week 8 in comparison to the CON group. Further, a significant decline below baseline in time
(%) spent in SB at week 8 (p=0.008 for interaction) and week 12 (p=0.001 for interaction) was
observed in the EXE group, whereas no changes were reported in the CON group. Furthermore,
the time (%) spent in SB was not sufficiently powered for weeks 4-12, with the power between

11%-40%.
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EXE: All valid days CON: All valid days Group x time
interaction

PA Week 0 Week 4 Week 8 Week 12 Week 0 Week 4 Week 8 Week 12

variables

Days (n) N=114d N=112d N=119d N=117d N=81d N=88d N=84d N=76d | = ----—-

LIPA 312.0+86.3 | 313.1+76.8 315.3+83.4 335.3+86.5 |360.6+107.0 | 344.1 +100.4 | 332.7 £ 107.7 | 345.7 £ 108.5 | week 0: reference

(min/d) week 4: p=0.940
week 8: p=0.187
week 12: p = 0.165

MVPA 444 +£29.2 | 67.3+43.2# 69.6 £+45.0# 69.0+449# 49.7 £ 37.8 425 +31.0 459+ 275 38.9 £28.9 | week 0: reference

(min/d) week 4: p <0.001
week 8: p <0.001
week 12: p <0.001

TPA 356.4+91.8 | 380.4+97.4 | 384.8+103.0# | 404.3+103.2# |410.2+124.6 | 386.5+114.1 | 378.6 + 116.7 | 384.6 £ 120.3 | week 0: reference

(min/d) week 4: p=0.176

week 8: p =0.009
week 12: p = 0.003
LIPA (%) 35.9+8.73 35.7+£8.1 354+£8.11 38.1+8.7 41.2 £10.6 399+111 37.7+114 39.2+12.3 | week 0: reference
week 4: p=0.759
week 8: p=0.177
week 12: p=0.102
MVPA (%) 52+34 7.7+49% 7.9+5.0# 8.0+ 54# 5642 49+ 3.6 53+3.2 44+31 week 0: reference
week 4: p <0.001
week 8: p <0.001
week 12: p <0.001
TPA (%) 41.1+94 43.3+10.6 43.3+10.2# 46.1 £ 11.1# 46.8+£12.2 449+12.9 429+124 43.5+13.4 | week 0: reference
week 4: p=0.235
week 8: p=10.008
week 12: p=0.001
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Steps 9429 £ 4019 | 11298 + 5247 | 11114 +57544# | 11632 £5848 # | 10131 £ 4561 | 9306 + 4112 | 8954 + 4394 | 9450 £ 3777 | week O: reference
(per/d) # week 4: p =0.008
week 8: p =0.001
week 12: p = 0.001
Sedentary Behaviour variables
Sedentary 58.9+9.4 56.7 + 10.6 56.7 + 10.2# 53.9+ 11.1# 53.2+12.2 55.1+12.9 571124 56.4 + 13.4 | week 0: reference
time (% of week 4: p=0.235
waking week 8: p =0.008
time) week 12: p =0.001
N=114d N=125d N=125d N=112d n=98d N=95d N=91d N=84d
Nocturnal 10.2+£2.6 10.3+2.4 9.8+24 95120 10.1+ 2.7 10.3+£3.0 105+£2.7 10.0£2.4 | week 0: reference
sleep time week 4: p=0.710
(min/d) week 8: p= 0.059
week 12: p=0.213
Sitting 6.2+£23 6.3+£2.2 6.9+238 6.2+21 6.3£2.6 6.9+£23 6.1+£22 6.8+£2.38 week 0: reference
(hours/d) week 4: p =0.641
week 8: p=0.114
week 12: p=0.289
Sit-to-stand 31+10 33x+11 36 + 13# 35+ 10 36 + 16 35+ 14 35+ 14 3714 week 0: reference
(n) week 4: p=0.164
week 8: p =0.016
week 12: p = 0.254
Time in > 87.8+108.2 | 73.6+87.8 105.7 + 117.9 63.9 £ 92.9 76.6 £105.1 | 67.8+£83.1 53.0 £ 68.8 74.2 £87.4 | week 0: reference
60min bouts week 4: p=0.784
(min/d) week 8: p =0.018
week 12: p = 0.225
60min bouts 09+£1.1 0.8x0.9 11+1.1 0.7x1.0 0.7x0.9 0.8+£1.0 0.6+£0.8 0.8+£0.9 week 0: reference
(n) week 4: p=10.353

week 8: p=0.069
week 12: p =0.099
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Normally distributed data are reported as mean + standard deviation, skewed data is reported as median (25" — 75" percentile) and categorical data are presented as n
(%).Abbreviations: LIPA (light-intensity physical activity); MVPA (moderate and vigorous intensity physical activity); TPA (total physical activity); EXE (exercise); CON
(control); Day (d); A mixed-model was used to explore the effect of group, time and group X time interaction, with the interaction P value presented in the final column.

After Bonferroni correction, p<0.017; # represents a significant time effect from baseline.
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4.4.4.2 Mixed-models analysis considering only exercise days in EXE group and all valid
days in CON group

When comparing only exercise days in the EXE group with all valid days for the CON group
(Table 10); as expected significant group x time interactions were observed for MVPA min/d
(Figure 10a) and % (Figure 11a) where MVPA increased from baseline to week 4 (p<0.001);
week 8 (p<0.001) and week 12 (p<0.001) in the EXE group and not the control group.
Similarly, group x time interactions were observed for TPA min/d (Figure 12a) and % (Figure
13a), such that EXE group showed increases in TPA from baseline to week 4 (p=0.004), week
8 (p<0.001) and week 12 (p<0.001). Furthermore, daily step counts increased from baseline to
week 4 (p<0.001), week 8 (p<0.001) and week 12 (p <0.001) in the EXE group and no changes
were observed in the CON group. Notably, all measures of PA changed between baseline and

week 4, and then remained constant over the remaining 8 weeks.

In terms of SB behaviour measures, there was a significant group x time interaction for sit-to
stand transitions (p=0.013) at week 4, where increases in sit-to stand transitions from baseline
were observed in the EXE group and not the CON group, and there was also a tendency for the
EXE group to increase sit-to stand transitions at week 12 (p=0.036). Significant group x time
interactions were also seen for the % of waking time spent in sedentary behaviour (Figure 14a),
which decreased from baseline to week 4 (p=0.001), week 8 (p<0.001) and week 12 (p < 0.001)
in the EXE group only, with no changes observed between weeks 4 and 12 of the exercise
intervention (Figure 14b). Although accumulated time spent in sedentary bouts more than 60
minutes and number of sedentary bouts >60 minutes did not change from baseline to week 4,
there was a significant change from week 4 to 8 and week 8 to 12 in the EXE group with no
significant changes observed among the CON group. When compared to week 4, the EXE
group showed a significant increase in accumulated time spent in sedentary bouts more than

60 minutes (p=0.008) and number of sedentary bouts >60 minutes (p<0.001) at week 8.
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However, at week 12, accumulated time spent in sedentary bouts more than 60 minutes
(p<0.001) and number of sedentary bouts >60 minutes (p=0.001) decreased significantly from

week 8 towards baseline values.
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PA variables

EXE: Exercise days only

CON: All valid days

Week 0

Week 4

Week 8

Week 12

Week 0

Week 4

Week 8

Week 12

Group X time
interaction

Days (n)

N=113d

N=55d

N=53d

N=43d

N=81d

N=88d

N=84d

N=76d

LIPA
(min/d)

312.0 £ 86.3

324.3 +63.2

316.8+71.0

330.9+71.0

360.6 + 107.0

344.1 +100.4

332.7 +107.7

345.7 +108.5

week 0: reference
week 4: p=0.684
week 8: p =0.240
week 12: p = 0.417

MVPA
(min/day)

44.4 +29.2

91.9 + 30.5#

99.0 + 33.6#

104.3 + 36.3#

49.7 +37.8

42.5+31.0

459 %275

38.9+28.9

week 0: reference
week 4: p <0.001
week 8: p <0.001
week 12: p <0.001

TPA (min/d)

356.4 +91.8

416.2 + 76.0#

415.8 + 83.4#

435.2 + 88.3#

410.2 +124.6

386.5+114.1

378.6 + 116.7

384.6 + 120.3

week 0: reference
week 4: p =0.004
week 8: p <0.001
week 12: p <0.001

LIPA (%)

35.9+8.73

37.3+6.4

35.6 +6.3

38.7+6.7

41.2 +10.6

399+111

37.7+114

39.2+12.3

week 0: reference
week 4: p= 0.569
week 8: p =0.197
week 12: p = 0.120

MVPA (%)

5.2+34

10.7 + 3.6#

112 + 3.7#

12.4 + 4.4#

5.6+4.2

49+3.6

5.3+3.2

44+31

week 0: reference
week 4: p <0.001
week 8: p <0.001
week 12: p <0.001

TPA (%)

41.1+94

48.0 + 8.0#

46.8 + 7.5#

51.1+9.1#

46.8 £12.2

449+12.9

429+124

43.5+134

week 0: reference
week 4: p =0.001
week 8: p <0.001
week 12: p <0.001
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Steps (per/d) | 9429 + 4019 15050 + 14780 15695 £ 3550# | 10131 + 4561 | 9306 + 4112 | 8954 £4394 | 9450 + 3777 | Week O: reference
3167# 42244 week 4: p<0.001
week 8: p <0.001
week 12: p <0.001
Sedentary Behaviour variables
Sedentary 58.9+94 52+ 7.9# 53.2 £ 7.5# 48.9 + 9.1# 53.2+12.2 55.1+129 57.1+124 56.4 £13.4 | week O: reference
time week 4: p =0.001
(Yowaking week 8: p <0.001
time) week 12: p < 0.001
N=113d N=54d N=49d N=41d n=98d N=95d N=91d N=84d
Nocturnal 10.2+£2.6 10.3+19 9.7£ 2.3 64+1.6 101+ 2.7 10.3+£2.6 105+27 10.0+24 week 0: reference
sleep time week 4: p=0.851
(hours/d) week 8: p =0.090
week 12: p = 0.226
Sitting 6.2+23 6.8+2.1 6.9+2.0 6.5+24 6.3+2.6 6.9+23 6.1+2.2 6.8+2.8 week 0O: reference
(hours/d) week 4: p=0.942
week 8: p = 0.472
week 12: p = 0.758
Sit-to-stand 31+10 36 + 9 34+11 37+9 36 +16 35+14 35+14 37+14 week 0: reference
(n) week 4: p=0.013
week 8: p=0.102
week 12: p = 0.036
Accumulate | 87.8+108.2 | 67.1£85.9* | 91.7+103.1* | 71.3+88.6* | 76.6+105.1 | 67.8+83.1 53.0 + 68.8 74.2 +87.4 | week O: reference
d time in > week 4: p=0.667
60 min bouts week 8: p =0.111
(min/d) week 12: p=0.534
Sedentary 0911 0.7+0.9* 1.0£1.0* 0.8+0.9* 0.7+0.9 08x10 06+0.8 0.8+0.9 week 0: reference
bouts >60 week 4: p= 0.225
min bouts week 8: p =0.217
(n) week 12: p =0.326
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Normally distributed data is reported as mean + standard deviation. Day (d); Abbreviations: LPA (light-intensity physical activity); MVPA (moderate- and vigorous-
intensity physical activity); TPA (total physical activity); EXE (exercise); CON (control). A mixed-model was used to explore the effect of group, time and group X time
interaction, with the interaction P value presented in the final column After Bonferroni correction, p<0.017; # represents a significant time effect from baseline and *
represents change over time during week 4, 8 and 12
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Figure 10a Figure 10b

Average daily MVPA (min/d) reported as all valid days and mean * standard deviation over the 12- week intervention with (a) representing EXE
group for baseline all valid days and exercise days only at week 4, 8 and 12 and (b) CON group all valid days. There was a significant increase (#)
in MVPA (min/d) from baseline, at week 4 (p<0.001); week 8 (p<0.001) and week 12 (p<0.001) in the EXE group, with no significant changes in

the CON group.
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Average daily MVPA (%) over the 12- week intervention with (a) representing EXE group for baseline all valid days and exercise days only at
week 4, 8 and 12 and (b) CON group all valid days. There was a significant increase (#) in MVPA (%) from baseline, at week 4 (p<0.001); week

8 (p<0.001) and week 12 (p<0.001) in the EXE group, with no significant changes in the CON group.
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Average daily TPA (min/d) reported as all valid days and mean + standard deviation over the 12- week intervention with (a) representing EXE

group for baseline all valid days and exercise days only at week 4, 8 and 12 and (b) CON group all valid days. There was a significant increase (#)
in TPA (min/d) from baseline, at week 4 (p<0.004); week 8 (p<0.001) and week 12 (p<0.001) in the EXE group, with no significant changes in
the CON group.
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Average daily TPA (%) over the 12- week intervention with (a) representing EXE group for baseline all valid days and exercise days only at week
4, 8 and 12 and (b) CON group all valid days. There was a significant increase (#) in TPA (%) from baseline, at week 4 (p = 0.001); week 8
(p<0.001) and week 12 (p<0.001) in the EXE group, with no significant changes in the CON group.
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Average daily awake SB (%) over the 12- week intervention with (a) representing EXE group for baseline all valid days and exercise days only at
week 4, 8 and 12 and (b) CON group all valid days. There was a significant decrease (#) in daily awake SB (%) from baseline, at week 4 (p =
0.001); week 8 (p<0.001) and week 12 (p<0.001) in the EXE group, with no significant changes in the CON grou
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4.4.4.3 Mixed-models analysis considering only non-exercise days in EXE and all valid
days in CON groups

Data comparing all non-exercise days in the EXE group compared to all valid days in the CON
group are reported in Table 11. There were no significant group x time interactions for all PA
variables. Nonetheless, the EXE group demonstrated the tendency to increase daily MVPA
(min/d) (p=0.036) and TPA (min/d) (p=0.026) and TPA (%) (p=0.033) from baseline to week

12 of the intervention during non-exercise days.

In terms of the sedentary variables, accumulated time spent in >60 minutes bout of SB
increased from baseline to week 8 among the EXE group (p=0.011) and not in the CON group.
In contrast, there was tendency to increase sit-to stand transition from baseline to week 8 in the
EXE group (p=0.022) when compared to the CON group. Furthermore, the tendency to reduce
SB (% waking time) during non-exercise days (p=0.034) was observed in the EXE group only

at week 12 of the intervention.
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EXE: Non-exercise days

CON: All valid days

PA variables

Week 0

Week 4

Week 8

Week 12

Week 0

Week 4

Week 8

Week 12

Group x time
interaction

Days (n)

N=113d

N=57d

N=66d

N=74d

N=81d

N=88d

N=84d

N=76d

LIPA (min/d)

312.0 £ 86.3

302.4 +87.3

314.0 +92.6

337.9+94.7

360.6 + 107.0

344.1 +100.4

332.7 £ 107.7

345.7 +108.5

week 0: reference

week 4: p=0.775
week 8: p=0.198
week 12: p = 0.086

MVPA
(min/d)

44.4 +29.2

43.4 +40.4

46.0 + 38.7

48.5+35.9

49.7 +37.8

42.5+31.0

459+ 275

38.9+28.9

week 0: reference

week 4: p=0.483
week 8: p=0.453
week 12: p = 0.036

TPA (min/d)

356.4 +91.8

345.8 +103.8

360.0 + 110.8

386.4 +107.5

410.2 +124.6

386.5+114.1

378.6 +116.7

384.6 + 120.3

week 0: reference

week 4: p=0.975
week 8: p=0.163
week 12: p = 0.026

LIPA (%)

359+8.7

341+£93

353+94

37.8+£9.7

41.2 +10.6

399+111

37.7+11.4

39.2+12.3

week 0: reference

week 4: p=0.473
week 8: p =0.205
week 12: p = 0.108

MVPA (%)

5.2+34

48+43

5.1+4.72

5.5+4.2

5.6+4.2

49+3.6

53%3.2

44+31

week 0: reference

week 4: p=0.754
week 8: p=0.681
week 12: p = 0.052

TPA (%)

41.1+94

38.8+10.9

405+11.2

43.2+111

46.8 £12.2

449+12.9

429+12.4

43.5+134

week 0: reference

week 4: p=0.589
week 8: p=0.199
week 12: p = 0.033

Steps (d)

9429 + 4019

8444 + 4696

8750 + 5374

9285 + 5636

10131 + 4561

9306 + 4112

8954 + 4394

9450 + 3777

week 0: reference
week 4: p=0.965
week 8: p=0.252
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week 12: p =0.319

Sedentary Behaviour variables

Sedentary 435+ 16.1 422 +175 48.7 £ 145 40.0 £ 14.7 532122 55.1+12.9 57.1+124 56.4 + 13.4 | week 0: reference
time week 4: p =0.590
(% of waking week 8: p=0.200
time) week 12: p =0.034
N=113d N=71d N=76d N=71d n=98d N=95d N=91d N=84d | = --—---
Nocturnal 10.2+£2.6 10.2+2.8 98+24 9521 10.1+x2.7 10.3+2.6 105x2.7 10.0+ 2.4 | week O: reference
sleep time week 4: p=0.667
(min/d) week 8: p=0.101
week 12: p =0.215
Sitting 6.01+2.6 59127 6.9+24 6.6+2.4 6.05+25 6.0+2.7 6.0+2.6 6.3t 2.5 week 0: reference
(hours/d) week 4: p=0.641
week 8: p=0.114
week 12: p = 0.289
Sit-to-stand 3110 32+12 37+14 33+11 36+ 16 35+ 14 35+ 14 37+ 14 week 0: reference
(n) week 4: p=0.665
week 8: p=0.022
week 12: p = 0.532
Accumulated 87.8 +108.2 78.5+89.4 114.7 + 59.7+95.6 | 76.6+105.1 | 67.8+83.1 53.0 + 68.8 74.2 £ 87.4 | week 0: reference
time in > 60 126.3# week 4: p=0.881
min bouts week 8: p=0.011
(min/d) week 12: p = 0.187
Sedentary 09+11 09+£1.0 12+1.1 0.7+£11 0.7£0.9 08+£1.0 0.6+£0.8 0.8+0.9 week 0: reference
bout >60 min week 4: p=0.533
(n) week 8: p=0.049

week 12: p = 0.087

Equally distributed data is reported as mean + standard deviation. Abbreviations: LPA (light-intensity physical activity); MVPA (moderate and vigorous intensity
physical activity); TPA (total physical activity); Day (d); Significant group x time interaction effect, p<0.017#.
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4.5 Relationship between changes in body weight, cardiorespiratory fitness, physical
activity, sedentary behaviour patterns and exercise dose

When considering all participants (EXE and CON), an increase in MVPA from baseline to
week 12 of the intervention (all valid days) was associated with a decrease in body weight
(rho=-0.546, p=0.002) after the 12-week intervention. Increases in MVPA (rh0=0.397, p=0.03)
and TPA (rho=0.397, p=0.033) from baseline to week 12 of the intervention were associated
with increases in VOzpeak (MI.Mint) over the 12-week intervention. Changes in LIPA, total
sitting time, and accumulated time spent in >60-minute bouts were not correlated with changes
in VOzpeak (MI.Min) or changes in body weight (p>0.05). Furthermore, exercise dose was not
associated with changes in CRF in the EXE group (p>0.05). Lastly, no significant group

interactions (EXE and CON) were observed in any of the associations that were explored.

135|Page



4.6 DISCUSSION

To the best of our knowledge, this is the first randomized control trial to explore the changes
in habitual physical behaviour patterns in response to an aerobic and resistance exercise
intervention among women living with overweight and obesity from a low socio-economic
setting on the African continent. By design it was expected that the exercise intervention will
increase PA, particularly MVPA on the exercise training days, which also resulted in a
reduction in time spent in SB. However, this did not translate to meaningful changes in physical

behaviours on non-exercise training days throughout the 12-week intervention.

Findings from the current study showed that the exercise intervention resulted in an increase
in MVPA and TPA, but not LIPA. This does not come as a surprise since the EXE group
engaged in supervised exercises 4 times a week over the 12-week intervention and the exercise
duration progressed weekly, from 40 min to 60 min per session. Furthermore, an increase of
approximately 60 min in MVVPA min/d and 79 min TPA min/d was observed in the EXE group
during exercise days only. Similar findings have been reported in literature where young
women with abdominal obesity increased their daily physical activity in response to a 12-week
exercise and nutrition intervention (19). Even 5 months exercise intervention studies conducted
among middle age (x 37yrs) men have reported increased ActiGraph-derived MVPA and TPA
as the result of the structured group exercise training (17). Notably, the increase in PA in this
study were attributed to the exercise intervention itself. Although the EXE group presented
with the tendency to reduce SB (% of awake time) and increase MVVPA min/d (p=0.036), TPA
min/d (p=0.026) and TPA (%) (p=0.033) during non-exercise days at week 12 of the
intervention, this was not a meaningful change with an increase of only ~5 min/d of MVPA
being observed on the non-exercise days. Furthermore, at baseline, women from both the CON
and EXE group accumulated an average of 40 min of MVPA per day but this increased to 92-

104 min/d in response to the intervention. This highlights a shift from meeting the minimum
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PA guidelines by the WHO towards meeting the higher end recommendation of >300 minutes
of Mod PA per week for possible weight loss. The WHO recommends at least 150-300 minutes
of Mod PA or 75-150 min of Vig PA to be accumulated throughout the week (9). Not
surprisingly, this study also shows that a higher MVVPA was associated with increased CRF and

reduced weight, both risk factors for the future development of NCD (25, 26, 154, 155).

The daily MVPA findings at baseline from the current study mirror those reported from a
similar population where majority of young middle-aged Black SA women from low-resourced
setting were meeting the PA guidelines according to the GPAQ (12-14). Walking for transport
was the domain that contributed to the most overall weekly PA, with less than 50% of women
participating in leisure time PA (12, 14). Findings from the current study showed that women
from the CON group maintained the daily average of 40 min of MVVPA with 10 min less MVPA
recorded at week 12 of the intervention. Daily steps are an outcome of total daily PA, with
10,000-10,999 steps/d translating to 40-47 min/d of MVPA in adults (251). Accordingly, it is
not surprising that at baseline most participants met the guidelines of 10,000 steps/d, which
increased to more than £14780 steps/d during exercise days for the EXE group. However, the
EXE group accumulated less daily steps during non-exercise days (£9285 steps/d). On the other
hand, the CON group was only able to achieve the recommended daily steps guidelines during
week-0 of the intervention, where they recorded +10,131 steps/d, but this declined to a
maximum of +9450 steps/d during the course of the intervention with corresponds with their

decrease in daily MVPA.

Notably, there was a compositional shift in physical behaviour patterns during the 12 weeks of
the exercise intervention where a 10% reduction in % of awake time spent in was observed
among the EXE group during week 12 of exercise days (58.9£9% to 48.9%). In contrast, time

spent in SB (% awake time) increased from baseline to week 12 in the CON group (53.2 £
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12.2% to 56.4 + 13.4%). Decreased time in spent SB has been reported in response to a short
term, (3-4 weeks) (173, 174), middle term (12-weeks) (172) and more long term (6 months)
exercise interventions among adults (171). Within a low socio-economic setting in SA,
accelerometer derived sedentary time was associated with increased triglycerides levels (39).
Furthermore, findings from the Nord-Trgndelag Health Study 3 (HUNT3) comprising of 50
817 adults aged >20 years showed that >10 hrs/d total sitting time had a 65% and 115% greater
risk of all-cause and cardiometabolic disease related mortality after adjustment for sex,
education, BMI, PA, smoking, self-rated general health and cardiometabolic disease status
(252). Thus, it is important that health professionals not only promote the importance of
participating in PA but should also raise awareness about the detrimental health effects of

increased sedentary time despite being physically active.

During exercise days in the EXE group, there was a significant increase in the accumulated
time spent in more than 60 minutes sedentary bouts during week 8, when compared to baseline.
However, the increase was only = 4 min, and may possibly be an indicator of compensatory
behaviour characterised by intervention fatigue that coincides with a trending decrease in
exercise intensity (%MHR), while maintaining a moderate to vigorous RPE. These levels
returned to baseline by week 12. Furthermore, there was evidence of breaking up prolonged
sitting time through increases in sit-to stand transitions among the EXE group during this
period. Sedentary bouts of 60-90 minutes are not only reported to be associated with higher
total abdominal fat (visceral fat and subcutaneous fat) (136), but also the increased risk of all-
cause mortality in adults (253). Conversely, interrupting prolonged sitting time with frequent

brief bouts of LIPA, may enhance cardiometabolic health in adults (231).

Findings from the current study also showed that the increases in MVVPA was associated with

reduced body weight and improved CRF among all participants. Similar findings have been
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reported in literature, where moderate exercise resulted in decreased body weight (254, 255)
and reduced fat around the gynoid area (256) in a cohort of young adults. Furthermore, findings
from a cross-sectional study among young women from USA showed that accumulating more
than 90 minutes of ActiGraph-derived daily MVPA was associated with reduced percent body
fat (257). Within a SA setting, reallocating 30 minutes of sitting/lying to MVVPA and 30 minutes
of standing to MVPA was associated with a 0.3% and 1.4% lower FM in middle-aged women

(41-72 yrs of age), respectively (107).

Exercise participants from the current study showed a small, but significant weight loss (~1kg),
while the CON group gained ~1kg weight and BMI increased by 1kg/m2. The decrease in
weight and BMI in the EXE group is consistent with interventions with similar exercise
protocols (mixed training regime, frequency of exercise sessions per week, length of
intervention and no dietary intervention) (2, 258). Nonetheless, our results suggest that exercise
training is appropriate for small reductions in weight and for weight maintenance, but to obtain
clinically significant weight reductions, exercise training may need to be complimented with
other lifestyle-related interventions, such as dietary interventions (259), nutritional and /or
dietary education (19). Furthermore, research has consistently shown that regular exercise
increases CRF (17, 20, 149, 150). Greater CRF is associated with improved lipid profile, and
increases in insulin sensitivity before and after adjusting for fat mass (39). Even though the
exercise training resulted in only small changes in body composition, the substantial
improvement in CRF highlights the need for long term aerobic and resistance community-
based group exercise interventions for this population to possibly reduce cardiometabolic risk

factors.

139 | Page



4.7 STRENGTHS AND LIMITATIONS

This study presents significant strengths in methodology. In particular, hip and thigh worn
accelerometery were used as objective measures for PA and SB, respectively. Further, the
changes in habitual PA patterns were collected from both groups across four time points during
the 12-week intervention. Moreover, weekly sleep log sheets were used to exclude sleeping
time from sedentary time. Another strength of the current study was the reporting of changes
in daily steps throughout the 12-week intervention period. There is paucity of literature
reporting on changes in daily steps in response to an exercise intervention. The limitation of
the current study is the limited statistical power of some of the main outcomes (TPA and SB)
due to the fact that findings reported in this thesis are secondary outcomes from the primary
study. In addition, the high dropout rate in the CON group (N=7) in comparison to the EXE
group (N=3), relatively small sample size and unequal distribution between the exercise and
control group can also be viewed as limitations. Also, the unequal number of days obtained
from the PA and SB variables through the four times points of the intervention from both
groups can be viewed as a limitation. However, we were able to obtain data for a maximum of
114 valid days and minimum of 53 valid for a specific time point during the 12-week

intervention, enabling us to capture the variability of the collected data.

4.8 CONCLUSION

In conclusion, the current study showed that TPA and MVPA significantly increased, with a
compensatory reduction in SB (% of awake time) from baseline to week 12 in response to the
exercise intervention. Our findings provide a clear indication that the overall PA increases in
the exercise group were largely due to the increased PA accumulated during exercise sessions.
Although the EXE group demonstrated a tendency to reduce SB and increase sit-to-stand
transitions, MVVPA and TPA during non-exercise days, these changes were not meaningful.
The positive changes in physical behaviour patterns and CRF experienced by the EXE group
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have the potential to improve the cardiometabolic health of this population. Even though the
exercise intervention did not translate to clinically meaningful changes in body weight, the
improvement in CRF highlights the need for long term aerobic and resistance community-
based group exercise interventions for this population. It can be argued that the significant
increase in MVPA and TPA with compensatory reduction in SB (% of awake time) can be
viewed as clinically meaningful as previous research has shown that reallocation of 30 min/d
of sedentary behaviour with MVPA is associated with reduced fat mass and higher insulin
sensitivity in middle-aged SA adults (107, 121). Furthermore, it is also important to assess the
targeted populations’ perceptions and experiences about the delivered health intervention for
the purpose of determining the effectiveness of the intervention in a real-world setting.
Moreover, the impact on body image and self-efficacy which are important determinants for

sustainability in such interventions should be explored.
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CHAPTER 5

The effect of a 12-week exercise intervention on perceived body image and self-efficacy

in women living with overweight and obesity from a low- resourced setting.
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5.1 INTRODUCTION

The high prevalence of overweight and obesity among Black SA women is a public health
challenge as described in the literature review (Chapter 2). It may be argued that acceptance of
living with a larger body size by Black SA women (42-44, 46, 182) is a contributing factor to
the high prevalence of overweight, obesity and associated cardiometabolic diseases among this

population (14, 30, 32, 260, 261).

Body image is often defined as the degree of satisfaction with physical appearance (size, shape
and general appearance) (1, 262), or how a person feels about their appearance (2). Studies
conducted among young and middle-aged Black SA women from rural and urban areas suggest
that these women have a preference for a larger body size as it is associated with beauty,
dignity, confidence (182), respect, happiness (187), wealth and the appearance of being
respectable (43, 183). In contrast, a thin body was viewed as not respectable and also associated
with poverty (43) and sickness (46). Despite these perceptions, other studies in young and
middle-age Black SA women in rural and urban settings reported body image dissatisfaction,
with some women indicating the desire to be thinner (44, 45, 47, 186). Accordingly, the concept
of body image in Black SA women is complex and requires an in-depth understanding of the
local cultural, community and personal perceptions to advise on target interventions aimed at

reducing cardiometabolic risk.

A qualitative study exploring perceptions of body size in young and middle-aged Black SA
women reported that the women considered exercise as a potential strategy to improve health
and showed interest in participating in a community based exercise intervention (46). Exercise
training has consistently been shown to improve cardiometabolic outcomes (19, 147, 148, 156,
263). However, there is a dearth of research reporting on the effects of exercise training on

perceived body image and self-efficacy in Africa. According to the SCT, self-efficacy is a focal
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determinant of health behaviour change, because it is the common pathway through which self-
regulatory efforts influence physical health (210). Studies conducted in postpartum women
(197) and women living with overweight and obesity in Canada (23), Iran (192), and Turkey
(191) have shown improved perceptions of body image and levels of self-efficacy (197)

following participation in an exercise intervention ranging from 4-16 weeks.

Therefore, we hypothesise that exercise training will improve perceptions of body image and
self-efficacy in Black SA women living with overweight/obesity. This study aims to determine
the effects of a 12-week combined aerobic and resistance exercise training intervention on
perceived body image and self-efficacy in young Black SA women living with overweight and

obesity.

5.2 METHODS

Body image perception was assessed pre and post the 12-week intervention using a set of nine
silhouettes (188), also known as figure rating scales (Appendix G) (22). While perceived self-
efficacy was measured by means of the Generalized self-efficacy (Appendix G) (221). Detailed
methods on the collection of all variables reported in this chapter are outlined in the methods

section (Chapter 3).

5.3 STATISTICAL ANALYSES

Results are reported as means + standard deviations (M+SD) for normally distributed data (i.e.
body composition and fat distribution) and median and interquartile range (25"-75" percentile)
for skewed (i.e. dietary intake) and/or ordinal data (i.e. body image and self-efficacy). Dietary
intake and changes in food security were assessed as potential covariates. T-test for
independent samples were applied to assess the difference in equally distributed continuous
variables between groups. While Mann-Whitney U test for independent variables was

conducted to analyse the difference in skewed continuous variables between groups.
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A two-way repeated measure of analyses of variance was conducted to determine main and
interaction (group x time) effects of the exercise intervention on dietary intake, self-efficacy
and perceptions of body image. Statistical analysis was performed using Statistica (TIBCO,

v13.3.0, CA, USA). Significance level was set at P<0.05.

5.4 RESULTS

5.4.1 Changes in perceptions of body image and weight classification in response to the

12-week intervention

Despite 80% (n=33) of women being classified as living with obesity (BMI >30 kg/m?) at
baseline, when using questionnaires, 31.4% (n=11) of women classified themselves as normal
weight, 65.7% (n=23) as overweight and only 2.9% (n=1) as living with obesity. In response
to the intervention the CON group on average gained 1 kg and the EXE group lost 1 Kkg.
However, following the intervention, the majority (60.0%, n=21) of participants in both groups
classified themselves as normal-weight (Figure 15). In the EXE group, only one participant
classified herself as living with obesity at baseline, but following the exercise intervention, she
classified herself as normal weight. When provided silhouettes to classify their BMI categories
(Figure 16) the women rather classified themselves as overweight (Table 12). Results also
showed a FID score (body size dissatisfaction) of 1 (1-2), which suggests that most women
desired a smaller body size at baseline and this did not change in response to the intervention

(Table 12).

The PAD score, which represents the discrepancy between perceived and actual weight from
the Stunkard’s Silhouette is shown in table 13. Commensurate with the results from the
perceived BMI classification, majority of participants from both EXE and CON groups (95%
and 100%, respectively) under-estimated their weight status and perceived themselves to be

overweight at baseline. Only one participant from the EXE group and none from the CON
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group perceived themselves as living with obesity at baseline. No participants perceived

themselves as living with obesity after the intervention.
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Figure 15: Change in body mass index classification in response to the 12-week intervention in EXE (A) and CON (B) groups. All data is
categorical, with the (n) reported above the bars.
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Figure 16: Stunkard’s silhouettes body image rating scale for women (188)

Variables EXE (n=20) CON (n=15)
_ _ Time Group Time* Group

Baseline Follow-up Baseline Follow-up
The feel silhouette 6 (5-7) 6 (5-6) 6 (6-6) 6 (6-7) 0.928 0.840 0.669
The Ideal silhouette 5 (4-5) 5 (4-5) 5 (4-5) 5 (4-5) 0.896 0.974 0.896
Perception of normal weight 5 (4-5) 5 (4-5) 5 (5-5) 5 (4-5) 0.872 0.997 0.723
Perception of obese 9(9-9) 9(9-9 9(9-9) 9(9-9 0.969 0.716 0.805
FID score 1(1-2) 1(1-1.5) 1(1-2) 2 (1-2) 1.000 0851 | = -
All data is ordinal and reported as median (25"-75" percentile); sample size (n); FID score (calculated by subtracting the ‘ideal’ from the ‘feel’
silhouette); EXE (exercise); CON (control)
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EXE Group (n=20) CON Group (n=15)
PAD score category Baseline (N) % Follow-up (N) % Baseline (N) % Follow-up (N) %
Underestimate weight status (negative score) 19 95 20 100 15 100 14 93
Accurate estimation of weight status (score=0) 1 5 0 0 0 0 1 7
PAD score (discrepancy score between perceived and actual weight) reported as categorical, n (%); EXE (exercise); CON (control)
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5.4.2 Baseline and changes in GSE in response to the 12-week intervention

Participants that completed the intervention (n=35) presented with significantly higher GSE at
baseline in comparison to the drop out participants (n=8; 24.3+3.4 vs. 20.5+6.4, p=0.002).
Changes in GSE in response to the exercise intervention are reported in Figure 17. The CON
group presented with significantly higher general self-efficacy compared to the EXE group at
both baseline (p=0.003) and post intervention (p=0.036). A decline in GSE was observed in
both groups post intervention (p=0.021 for time effect), and this did not differ between groups

(p=0.801 for interaction effect).
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Figure 17: Differences between groups and changes in generalized self-efficacy in response

to the 12-week intervention. p<0.05*
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5.4.3 Changes in dietary intake and food security score between the exercise and control

group in response to the 12-week exercise intervention

As shown in Table 14, there was no differences in total energy intake, macronutrient and sugar

intake between the groups and over time.
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Variables EXE (n=20) CON (n=15) p values

Pre Post Pre Post Time | Group | Time*group
Total energy intake (Kj) 8369 (7015-10566) 8443 (7595-9919) 8139 (6493-9434) 8406 (7335-9509) 0.889 | 0.861 0.752
Carbohydrate (%) 55.1+5.4 52.7+8.3 54+5.7 57.9+7.5 0.659 | 0.236 0.054
Protein (%) 13.24¢2.5 13.743.0 14.3£1.9 13.6+2.2 0.816 | 0.454 0.295
Fat (%) 30.4+6.7 32.245.9 30.9+5.6 27.746.6 0.638 | 0.185 0.095
Sugar (%) 12.743.8 14.746.1 13.646.3 13.346.8 0.457 | 0.861 0.337
E\Iormalll)y distributed continuous data reported as mean + standard deviation. Skewed and ordinal data reported as median (25" — 75" percentile); Kilojoules (Kj); EXE (exercise); CON
contro

152 |Page



5.5 DISCUSSION

This is the first study to investigate the effects of a 12-week combined (aerobic and resistance)
exercise training on perceived body image and GSE in Black SA women from a low socio-
economic setting and who are living with overweight and obesity. In this randomised controlled
trial, we showed that the women underestimated their body size (body size discordance) and
that the body size discordance was exacerbated with exercise training alongside no clinically

relevant shift in body weight.

The body size discordance reported in our study resemble those of recent studies from a similar
population of Black SA adults with obesity that assessed weight underestimation and body size
dissatisfaction (49, 186). Okop and colleagues found that 89% of adults living with obesity and
79% with overweight underestimated their body size (49). The body weight discordance has
been associated with an increased prevalence of obesity and cardiovascular diseases (49) and
may have important implications for weight management and the prevention of non-

communicable diseases (264).

Majority of the women wanted to be a smaller body size. The desire to have a smaller body
size has been observed in other studies conducted among economically disadvantaged African
American and African women with overweight and obesity (45, 48, 49, 179), urban Black SA
women with and without T2DM (44), as well as in rural and urban populations (43, 186).
Results from a study on lifestyle and psycho-social factors in predicting changes in body
composition in Black SA women found that more women wanted to be leaner in the group that
underestimated their body size when compared to those that knew their body size (60.1% vs
47.5%) (190). It may then be argued that the women in the current study underestimated their

body size because they desired to be smaller, thus presenting with body size dissatisfaction.
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Our findings and others emphasise that Black SA adults living with overweight and obesity

present with the dichotomy of body weight discordance and dissatisfaction.

Based on the BMI classification, the current study reports that exercise training promoted the
perception of a slimmer body. Indeed, half of the women in the exercise group perceived that
their weight status decreased from obese/overweight to normal-weight BMI category in
response to the 12-week exercise intervention. Findings by Bastug and colleagues report
positive effects of CrossFit, Pilates, and Zumba exercises on body weight, BMI and perceived
body image using the Body Areas Satisfaction Scale, a sub-dimension of the Multidimensional
Body-Self Relations Questionnaire (2). This constancy may be due to similarities of exercise
protocols (mixed training regime, frequency of exercise sessions per week and length of
intervention). Furthermore, recent findings by Bak-Sosnowska using Stunkards Silhouette’s
and Body shape questionnaire reported that regular exercise over three-months in women living
with obesity promoted a perception of their own body as slimmer and having less body shape
concerns (22). However, the change in perceived body shape was more pronounced with
endurance exercise, when compared to endurance and strength exercise training (22). Although
these findings may be interpreted as an improvement in body image perception, the results
were not supported by the results of the silhouettes, which did not change in response to the
intervention. In low resource settings such as in this study, women do not have access to scales,
and the concept of BMI and BMI categories may not be fully understood. Accordingly, the
body silhouette images may provide a better representation of their body size compared to
understanding the concept of BMI categories and may be a more appropriate tool for educating
women from low resource settings about obesity and adverse health effects because of its visual

nature.
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Individuals with a positive body image have been reported to have a better sense of self-
efficacy (265). According to Yoon and colleagues, self-efficacy is an individual’s confidence
in his or her ability to organise regular exercise, belief in ability to perform the elemental
aspects of a task, confidence in successfully completing an activity and ability to perform the
tasks under challenging conditions (208). This is similar to GSE, which is general beliefs in
one’s ability to respond, and control environmental demands and challenges (221). The 77.7%
attendance rate to the exercise sessions in the current study (Chapter 4) indicates their ability
to control environmental demands and challenges that might have been related to the exercise
intervention. This is not surprising as the intervention participants had significantly higher GSE
compared to the drop out participants. However, results from the current study showed a
significant decrease in GSE in both groups after 12 weeks of exercise. The GSE findings from
the current study differ from those previously reported, where exercise training resulted in
enhanced physical self-efficacy among college students (24), significant improvements in GSE
among sedentary women (191), and schedule, physical, exercise-worries efficacy in women
living with overweight and obesity (6). Even though the GSE scale has been used in other low-
income settings such as Uganda where it was culturally adapted and validated (209). The GSE
questionnaire may not capture the participants response to an exercise training intervention
adequately and this specific questionnaire has not been validated in this context previously,
and requires further investigation among South African population. Further insight and
interrogation into self-efficacy in response to exercise interventions using a qualitative

approach may better capture the nuances in this population.

5.6 STRENGTHS AND LIMITATIONS

For the first time, the current study provides information on the effects of exercise training on
perceptions of body image in African women with obesity, which may inform future

interventions in women with overweight and obesity. A limitation of the current study was the
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small sample size, unequal distribution at follow-up between the exercise and control group
and the use of the GSE questionnaire, which has not, to our knowledge, been specifically

validated in this population and context.

5.7 CONCLUSION

In conclusion, the current study showed that participation in a 12-week supervised aerobic and
resistance exercise intervention in young Black SA women living with overweight and obesity
from a low socioeconomic exacerbated body size discordance. However, the perceptions of
overweight and obesity based on BMI were underestimated to a greater extent likely due to a
lack of understanding of BMI categories. Rather, visual silhouettes may be a better tool for
communicating body size in this setting. Despite body size discordance, the women in the study
desired to be smaller in body size and may be receptive to health and weight-loss exercise
interventions. Further, our findings offer informative information that should be used in future
interventions about educating participants about body weight and adverse heath effects a larger
body size. Self-efficacy may play an important role in supporting exercise behaviour as it is
the general beliefs in one’s ability to respond, and control environmental demands and
challenges. Therefore, should be explored in detail using qualitative research. Qualitative
research strategies such as FGD and IDI may provide an in-depth understanding of the barriers
and facilitators that may influence participation in an exercise intervention. Furthermore,
qualitative research may provide more details on the perceptions and experiences of the
implemented intervention. Such information can assist in implementing tailored community
exercise interventions, which could potentially result in high adherence and adoption of an

active lifestyle.
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CHAPTER 6

Perceptions and experiences of young Black South African women with obesity from a

low socioeconomic community after following a 12-week structured exercise intervention.

(This chapter was published in Frontiers in Sports and Active Living, Appendix J)

Phiri, L. P., Micklesfield, L. K., Mendham, A. E., Goedecke, J. H., & de Villiers, A. Frontiers
in Sports and Active Living, 2022 (4) 1-11. Perceptions and experiences of young Black South
African women with obesity from a low socioeconomic community after following a 12-week

structured exercise intervention.
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6.1 INTRODUCTION

Historically, Black SA women have not perceived obesity as a threat to their health (48), but
rather associated it with wealth and beauty (43, 45, 46). As discussed in detail under the
literature review (Chapter 2), studies have shown Black SA women prefer a bigger body size
as it is associated with beauty, dignity, confidence (182), respect from others, happiness (187)
and wealth (183), with some women commenting that “Our culture says that you are supposed
to be fat” (46). African women, have been reported to perceive thinness to be associated with
diseases such as HIV, AIDS and TB (45, 266), with some women mentioning comments such
as “What will people think if I lose weight” (182). These cultural and societal perceptions
around a bigger body size in Black SA women could influence whether these women engage

in healthy behaviours such as physical exercise.

More recently, indications are that there has been a transition in the perception of obesity
towards Western norms of thinness in young SA women have been reported (267, 268).
However, the latest South African Demographic and Health Survey has reported that 26.5%
Black adult females are living with overweight and 40.9% with obesity (11). This has occurred
alongside reduced physical activity and an increase in the prevalence of NCDs (269).
Accordingly, exercise interventions designed to alter physical behaviour patterns and prevent
the development of NCDs in young women with obesity are warranted. Findings of previous
qualitative work conducted in our study community reported that young Black SA women from
a low-resource setting were interested in participating in community-based exercise
interventions that incorporate dancing, aerobics and lifting weights as a strategy to lose weight

and improve health (46).

When engaging groups from resource-constrained environments in exercise, there are barriers

such as lack of time, cost, accessibility to facilities, other people’s perceptions and an unsafe
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residential environments that must be considered (199). However, little is known about how
these barriers affect the adherence and sustainability to a structured exercise programme. It is
anticipated that exploring women’s perceptions and experiences of ‘exercise’ after
participating in an exercise intervention will assist in identifying barriers and enablers that can
be used to design future long-term exercise interventions. Therefore, this study aimed to
investigate the perceptions and experiences of a 12-week structured exercise intervention in a
group of young Black SA women living with overweight and obesity from a low-resource

setting.

6.2 MATERIALS AND METHODS

6.2.1 Post-intervention qualitative data collection

Focus group discussions and IDIs were conducted 1-4 months after the completion of the 12-
week intervention to ensure that there were enough participants for each group discussion. All
recruited participants (n=45) were invited telephonically to participate in the FGDs.
Participants who dropped out of the intervention (n=10) and participants in the control group
who rejected the opportunity to participate in the intervention at the end of the study (n=7),
were also contacted, with the intention to understand potential barriers relating to participating
in the intervention. However, we were either unsuccessful in contacting these participants or
they were not willing to participate. During the telephone recruitment for the FGDs,
participants were informed that they would be remunerated with R50 South African Rands to
compensate for their transport to the venue and R20 South African Rands per hour for their
time and inconvenience to participate in the FGDs and IDIs. Two of the eight participants in
the control group who completed the post-intervention exercise training participated in the

interviews.
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The semi-structured focus group questions were formulated by the research group and were
based on previous qualitative work done in a similar group of women from the study
community (46). Following the question formulation, we sought independent input from
external researchers with extensive experience in working with women from similar settings.
The focus group questions were aimed at investigating the participants’ perceptions about the
exercise intervention, and barriers and motivators that might have influenced compliance
during the exercise intervention (Table 15). The IDIs contained a single open-ended question.
The interviewer allowed the participant to share her experiences of the exercise sessions (Table

15), while prompting her to elaborate on salient points arising from the focus groups.

The purpose of the IDIs was to eliminate the influence of others’ opinions that could have
occurred during the FGDs (270). Participants who seemed to have the strongest opinions
during the FGDs were invited to participate in the IDIs, optimising the opportunity to further
explore the themes identified and adding to the richness of the information collected during
the FGD (271). The moderator and the scribe selected these participants in a debriefing session
after each FGD, using the notes taken by the scribe to consider the flow of the group discussion

and the contribution of the various participants.
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Number Focus group discussion questions
1 Can you please briefly share with us what you have been up to since we last saw
you?
2 What is the first thing that comes to mind when you hear the word ‘exercise’?
3 What are your perceptions about exercise?
4 What are some of the things that influenced you to attend the exercise sessions?

This can either be barriers or motivating factors.

What did you like the most about the exercise sessions?

What did you not like about the exercise sessions?

How did the exercise training affect your daily life?

| N| o o1

What did your friends and family have to say when they found out that you are
exercising?

9 Is there anything that could be changed about the exercise training sessions to
encourage you to continue exercising and for your friends and family to start
exercising?

10 Of all the questions that were discussed today, is there one which you feel was the
most important to you?

In-depth interview question

1 How did you experience the exercise sessions?

A trained facilitator and scribe who were fluent in both English and IsiXhosa, the vernacular
of the study population, conducted all the FGDs and IDIs. This ensured that no participant was
excluded from the FGD because of language barriers. At the start of each FGD the facilitator
and scribe introduced themselves and explained the purpose and reasons for doing the research.
The FGDs and interviews were audio recorded and a scribe made notes during the FGDs. The
FGDs and IDIs were conducted at a venue at the university and took between 45 and 60
minutes. No time restriction was set for these discussions and the duration was deemed

appropriate for the number of participants in the FGDs and the question schedules. The audio
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recordings were transcribed from IsiXhosa into English by an independent translator, fluent in
both English and IsiXhosa. The accuracy of the transcriptions both in tone and language were

checked against the notes taken by the scribe by the first author.

6.2.2 Qualitative data analysis

The first author Lindokuhle Phiri (LP) applied qualitative content analysis to analyse the
transcripts (272) using the Atlasti Qualitative Data Analysis Software (Scientific Software
Development GmbH, Berlin, Germany). This methodological approach allowed description
and interpretation of the data using quantification of the data to develop themes. The analysis
process started with reading the transcribed data in detail. Thereafter, a consensus process of
drafting a coding framework was followed with another researcher Anniza de Villiers (AD)
and the codes were then systematically applied to the transcripts. If relevant, applicable codes

were applied more than once to the data generated from the same participant.

Main themes and sub-themes were then generated by LP and reviewed by both LP and AD
after which clear definitions and names for each theme and subtheme were generated. These
were checked by the rest of the research group and suggested changes were incorporated in the
final document. Data saturation was achieved in the sense that all participants, intervention,
control, and dropouts were invited to participate in the qualitative study and all those who
agreed, took part in the FGDs. The voices of most of the participants were therefore heard and
additional data was collected through the IDI to ensure that all issues raised in the FGDs were

adequately explored.

6.3 RESULTS
6.3.1 Participant characteristics
From all the contacted participants, 17 participants agreed to participate in the FGDs (Exercise,

n=12; Control, n=5). There were no differences in age (24t4 vs. 24+4 years), BMI (33.2+2.4
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vs. 34.3+3.0 kg/m?) or socio-demographic characteristics, including education (7 vs. 5
participants with tertiary education), household income (75% vs. 72% earned >R5000/month)
or housing density (1.3+0.6 vs. 1.4+0.9 people/room living in the household), between the
participants who agreed to participate in the FGD and those who did not, respectively.

Five of the FGD participants were selected (Exercise, n=4; Control n=1) to complete IDIs. Two
FGDs (FGD 1 and 2) comprised of only exercise participants who completed the intervention,
and the other two FGDs (FGD 3 and 4) included a mix of participants from the exercise and

control groups. Each FGD consisted of between three to five participants (Figure 18).

Telephonic invitation to all recruited participants
N=45
Accepted invites
N=17
FGD 1 FGD 2 FGD 3 FGD 4
Exercise group Exercise group Exercise group Exercise group
(n=5) (n=4) (n=3) (n=3)
Control group Control group
(n=1) (n=1)
IDIs IDIs IDIs IDIs
Exercise group Exercise group Control group
(n=2) (h=2) (n=1) (n=0)

Figure 18: Participant distribution for focus group discussions (FGD) and in-depth interviews

(IDI).
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6.3.2 Perceptions of the exercise intervention and the perceived barriers and facilitators
Six themes (T) with 2-3 subthemes (ST) each were identified during the analysis process. These
themes and subthemes are presented in Table 16. Numbers included in the table reflect the
number of fragments of experiences and perceptions brought together to first form the
subthemes and later the main themes. Table 16 shows that experiences relating to motivation
and the acceptability of the intervention were the themes with the most quotations attached to
them. These were followed by barriers experienced; sustainability and being an influencer; the
perceived and experienced benefits of exercise, and lastly how the term ‘“exercise” was

perceived and defined.
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Barriers

Sustainability and
influencing others

Benefits of being
physically active

Definitions and
perceptions of “exercise”

and exercise regime that
participants disliked

Number Theme Subthemes Number of
Quotations
coded
1 Motivational factors Extrinsic (financial, weight loss, 44
training environment) and intrinsic
(enjoyment and mental wellness)
motivation to continue with the
intervention
Extrinsic motivation to enrol in the 27
intervention (financial and
anticipated weight loss)
Total quotations 71
2 Exercise program Aspects of wellness and the 28
acceptability training environment participants
liked
Aspects of the training environment 26

Total quotations

54

Travel constraints 11
Time 10
Total quotations 21

Serve as influencer

16

Keep on exercising

Total quotations

20

Improved self-efficacy 7
Disease prevention and reduced 5
stress levels

Lifestyle changes 4

Total quotations

Maintaining a healthy body 6
Change in body composition 3
Fit and active 1
Total quotations 10
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Theme 1: Motivational factors

During the analysis process, factors that the participants perceived to play a motivational role
during the intervention were grouped together into two sub-themes namely (1) those factors
that motivated the participants to enrol in the intervention, and (2) factors that kept the
participants in the intervention. These identified factors are to be distinguished from the aspects
that participants liked about the intervention which are included in the next theme (acceptability
of the programme). Although there are overlaps, the codes informing this theme were drawn
specifically from discussion points around what motivated the participants to enrol and then

stay in the intervention.

Motivation to enrol: Extrinsic factors played an important role in the decision of participants
to enrol in the intervention. Perceived financial advantage was mentioned by participants in all
FGDs and some IDIs. This was followed by anticipated weight loss with some participants
indicating that both factors played a role in their decisions.

“The money, because I was like, I saw the pamphlet, then I said okay this is so

much money, then | was like | need money, and this is going to help me in many

things that 7 need”. (IDI: Participant 36; exercise participant)

“My personal goal was basically to lose weight. I wanted to see how much
weight I could lose within those three months... .... ” (IDI: Participant 25;

exercise participant)

“This exercise sessions I was going to lose weight. I was going to be on good
shape, and I was going to get money” (FGD 4: Participant 45; control

participant)
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The in-depth interviews revealed additional insight into why financial considerations were so
important, with participants reporting that they bought basic food (often refined carbohydrates)

with the money.

“The hamper. The rice, the mealie meal, the flour and the sugar, white sugar”.

(IDI: Participant 19; exercise participant)

Motivation to continue: Participants reported both extrinsic (financial, weight loss, training
environment and support from others) and intrinsic (enjoyment and mental wellness) factors
that motivated them to remain in the intervention. Financial considerations remained important

even in the face of challenges to continue.

“My time was also affected by the exercise sessions, especially the 4 o’clock
one because | would end up getting home at about 7pm. | would arrive home
late and that would affect my cooking schedule, and they would shout at me at
home for being late, but I didn’t give up because I would be getting money.”

(FGD1: Participant 31; exercise participant).

The participants felt toned and fitter as they could now walk long distances faster and climb

stairs without becoming breathless.

But then I didn’t really care about losing weight because I actually felt fitter, 1
can walk from .... [suburb of Cape Town] to here in 10 minutes. So those were
one of the things that | felt the exercise sessions really helped me with” (IDI:

Participant 23; exercise participant).

Influence of family and friends also served as motivators for participants from both the FGD’s

and IDI’s.
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“I've got a lot of support from my family. They actually gave me the go ahead,
if it is going to work for you, do it. We are behind you all the way. There was
also a point where | changed the way | eat, so they were also supporting me in
that and my friends also got support from them, there was no negativity”.

(FGD2: Participant 29; exercise participant)

“My family, they motivated me to go to the exercise because it is important for the

health . (IDI: Participant 36; exercise participant)

Other participants however reported remaining motivated despite the negative opinions of
friends and family. They persevered with the intervention even though their families expressed
that their weight was “normal”; receiving remarks that they cannot see that they have lost any

weight; or were warned about the negative effects of losing weight.

“My friends. My family was like no your body is okay, and we love you as you
are. You don’t have to lose weight; you know how family is. They were just so
supportive of you that they don’t even see that there is a problem......But what
about me? What about what | want? So, | told myself that | am going to do it

and I did it”. (FGD2: Participant 29; exercise group)

No, people were like, are you really exercising we see no difference. They were
demotivating me and it was annoying me because they say when you exercise
it’s like chemotherapy you just go and then come out very thin like thin,
extremely thin. It doesn’t work like that. With exercise, it takes time to show that

you are losing weight.”. (FGD4: Participant 25; control group)
Theme 2: Acceptability of programme

Participants shared their experiences about participating in the intervention and what they liked

or disliked about the exercise programme, providing insight into the acceptability of the
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programme. The disliked aspect can be distinguished from the barrier theme (theme 3) in that
the barriers are mostly logistical aspects that made it difficult for the participants to attend the
sessions while the disliked aspects were related to various aspects of the exercise programme.
Likes and dislikes were equally distributed with many of the aspects of the programme
appearing in both the “like” and “dislike” sub-themes, such as assistance from trainers and the

types of exercises.

Aspects that were liked: Four main aspects came to the fore when participants discussed what
they liked about the intervention. Three of these relate to the training environment. Participants
liked and appreciated the support and assistance from the trainers and research team, this was
followed by the type of exercises, music as part of exercise routines and lastly, wellness aspects

(including friendship, feeling energized and having fun).

Positive experiences around support from the intervention team included factors such as having

patience with and appreciating their challenges such as being late for the exercise classes.

“The things that I loved most about the exercise is the aerobic sessions, the fact
that when we are tired, instructors would be patient with us. They would be very

supportive. (FGD1: Participant 24; exercise participant).

As highlighted in the previous quote, aerobics was the type of exercise session that was enjoyed
the most. Music was used with all exercise routines and this component of the exercise
programme was enjoyed by many participants. The importance of music was reiterated in the

IDls.

In addition, participants enjoyed training in a group setting and making new friends. This was

reaffirmed in the IDIs.

“The one thing that I like the most is that we do it as a group, firstly. It’s not

like you 're doing it alone. | can do it with someone else, with people, that is nice
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and different types of exercises that | enjoyed is that what the question was

about” (FGD3: Participant 23; control group).

Aspects that were disliked: Five aspects of the intervention were identified by the participants
as contributing to negative experiences. The most discussed were the training environment
followed by the types of exercises, time allowed for the exercises, the physical activity

monitoring equipment and lastly, the instructors.

The venue, outdoor exercises and perceived racial discrimination were factors in the training
environment that contributed to negative experiences. Concerning the racial discrimination
some participants indicated that they sometimes felt unwelcome in the training venue and

perceived this to be because they were black.

“I feel like sometimes when we are here, other people down there, were looking
at us badly because we are black, they used to say that we are disturbing them,
especially when there was another class. They would want us to put our music
softer but when we were outside, no one would complain”. (FGD1: Participant

19; exercise participant)

Participants identified that the heart rate monitors were uncomfortable to wear. Some of the
participants also disliked certain high intensity exercises such as running up and down stairs,

sit-ups, jumping jacks and running outside in the sun.

“Having to wear equipment while exercising. Not the watch. Our equipment is
very irritating. | get irritated by just looking at it” (FGD 3: Participant 44;

exercise participant).

Time available to complete the exercise sessions and negative experiences with the instructors
were also raised as factors that negatively affected experiences, the latter were raised by a

participant during the IDIs.
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“I think it would be a bit more fun if the starter could maybe try to have different
trainers with different experience... If there were different trainers maybe that
would make things funnier or exciting. There were times when she will seem

like she was not in the mood for exercise sessions”. (IDI: Participant 23;

exercise participant)

Theme 3: Barriers

The most common barriers were travel constraints and lack of time. Some participants felt that
the venue was not central, and they had to travel long distances to get to the venue. Three of

the five participants mentioned the issue of transport as a barrier during the IDIs.

“It does not accommodate everyone, only accommodate those who are closer

to the buildings.... So, the traveling is also a barrier” (FGD2: Participant 29;

exercise participant)
Most of the participants identifying time as an issue were university students, some of whom
worked part time in addition to their studies and had challenges finding time to attend the
programme.

“It affected my daily life when I had things to do, and I had to come here to the

aym... ... ... So it was very difficult for me to manage time because I had to come

here at half past four. I was always late”. (FGD1: Participant 27; exercise

participant)
Theme 4: Sustainability and influencing others

Participants shared their perceived enthusiasm to continue with the exercise programme after
the end of the intervention and influence others to exercise. All FGDs participants indicated

that they would encourage family and friends to start exercising. Further, being more physically
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active as a result of the intervention made them more aware of the benefits and importance of

exercise and physical activity

“I will say yes or motivate someone to go to the gym because black people’s
mentality is that- one has to have curves. We are the ones, we are Black, you
understand because when you're exercising like you are minimizing certain

illness so I would say yes” (FGD4: Participant 32; control participant).

Continuing with an exercise programme came up in the FGDs and was explored further in the
IDIs. Three of the five participants who participated in the IDIs continued training on their own

after the intervention, one with the help of a volunteer instructor in an informal group setting.

“I jog with my friends to the certain place and then when we get there we meet
like other people and there’s like [Xhosa] we have an instructor, but we don’t
pay. There is an instructor, but they do it for fun, for the love of it”. (FGD1:

Participant 19; exercise participant).

One participant however reported difficulty in being consistent with the exercise regime mostly

because of a lack of a supportive training environment.

“Because I don’t have a personal trainer, so I don’t have someone looking after

me. I do go sometimes, sometimes I don’t go”. (IDI: Participant 23; exercise

participant)
Theme 5: Benefits of being physically active

Most participants acknowledged that after completing the programme they were more aware
of the benefits and importance of being physically active. The perceived benefits could be

grouped in three sub-themes. Improved self-efficacy was the strongest sub-theme, followed by

disease prevention and reduced stress levels, and lastly, lifestyle changes.

172 |Page



Some participants reported improved self-efficacy in the form of coping and scheduling skills.
They expressed that the exercise programme helped improve their ability to cope with busy

schedules and assisted with scheduling their busy daily routines.

“Third year students have a lot of work so if | come home late, my body is tired
but since | have been exercising, | have been coping. | would leave my room at
4 or 5 and | would have to come back and cook, eat and do schoolwork but what
| realized was that | could cope unlike before when I used to sleep for 30
minutes. Since the gym | feel alright so that was the positive part about the gym.
I could cope and be able to climb the stairs”. (FGD4: Participant 37; control

participant)

“So, like the fact that I had to allocate like some of my time to the gym, like to commit
some of my time to this gym thing that’s happening, it helps me to plan my daily

activities”. (FGD1: Participant 24; exercise group)

Participants perceived that exercise increased their energy levels, reduced stress and may

reduce risk of diseases such as high blood pressure, diabetes and heart disease.

“like I see exercising as a tool that reduces high blood pressure”. (FGDA4:

Participant 32; control participant)

“Exercise for me personally is a stress reliever”. (FGD3: Participant 39;

exercise participant)

The participants furthermore perceived exercise to be associated with positive lifestyle changes

such as changes in diet and participating in more active leisure time activities (i.e., going to the

gym).
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Theme 6: Definitions and perceptions of “exercise”
Several sub-themes emerged from the discussion around what the term “exercise” means.
Participants defined “exercise” most often in terms of maintaining a healthy body, followed by
changes in body composition such as weight loss and increased muscle mass, engaging in any
physical activities, and lastly the perception that it is something that a specific group of people
do.

“I think the word exercise means getting yourself to be healthy, trying to change

your body, get more muscles by doing exercises”. (FGD3: Participant 39;

exercise participant)

“I feel like exercise has to do more with physical activities than anything else.
It is a physical activity. You don’t have to do a certain thing and say it’s
exercising. You can walk, you can [do] anything, moving your body in general”.

(FGD3: Participant 44; exercise participant)
A few of the participants from the FGD perceived exercise to be associated with ethnicity.

“like I'm going to be very honest, like the word exercise to me, like it has the
whiteness on it, like this whiteness, like it’s for white people”. (FGD1:

Participant 24; exercise participant)

Figure 19 presents these themes as described in the following presentation of the results and
shows some of the possible associations and overlaps between the various themes and sub-

themes.
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Intervention Experiences & Perceptions
T2: Acceptability (of program)
Training
environment

T1: Motivational Factors

Training environment
Music/group setting

Support from

Liked aspects %

Wellness aspects
Continue energized/ Having fun

Wellness aspects

T5 Benefits (of being physically
active)

Disease prevention & reduced stress |

\
Lifestyle changes

Sustainability
\ and influencing
others

T 6: Definitions and perception of ‘exercise’

Figure 19: Themes and subthemes with possible associations and overlaps.
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6.4 DISCUSSION

In this study we aimed to gain an understanding of the experiences and perceptions of young
Black SA women living with obesity following their participation in a 12-week structured
exercise intervention. Six themes were identified from the focus groups and in-depth interviews
and included motivating factors, acceptability of the programme, barriers, sustainability and

influencing others, benefits of being physically active, and perceptions of the term ‘exercise’.

Financial advantage in the form of remuneration for costs relating to travel and time were
identified as an important extrinsic motivator for enrolling and staying in the programme. This
is not a unique finding as financial incentives have, even in high income settings, shown to be
effective in behaviour change and achieving physical activity goals, as well as to moderate the
effects of self-efficacy on weight-loss in adults with obesity participating in interventions (273,
274). Although there is no data on the role of financial gain on physical activity interventions
within the South African context, conditional cash transfers have been used in South African
high school girls to reduce HIV incidence among young women and address structural factors
such as poverty (275). However, the amount of money provided to our participants as
reimbursement for their travel and time was small and the perception of financial advantage
gained from the project may point to the socio-economic hardships suffered in the communities
from which our participants were drawn (276). This opinion is supported by the finding that
participants reported using the money to buy high-energy dense staple foods such as maize-
meal and sugar. These choices suggest high levels of food insecurity in the households of our
participants. The consumption of high energy dense foods in low socio-economic populations

and the link with obesity has been consistently reported in the literature (59, 60).

In addition to the financial incentive, participants reported weight loss (anticipated and actual)

as a motivator for enrolling and staying in the intervention. Participants were reminded at
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recruitment that substantial changes in body weight are not commonly shown in response to
exercise only interventions (149, 277). Although only a small but significant weight loss was
achieved by the intervention group (~1 kg) (278), this was experienced positively by the
participants. Physical benefits such as a perceived increase in fitness levels and muscle tone
could have contributed to these positive experiences. The multiple socio-cultural,
environmental and behavioural factors involved in the risk for Black SA women to become
obese (59) provides a further understanding for why even a small weight loss could have been

considered an achievement.

Another benefit reported by participants was an improvement in psychological wellbeing
(improved mood and self-esteem). These findings are supported by quantitative results
previously reported from the same intervention, showing reduced symptoms of depression and
improved sleep quality in response to the exercise training (277). Our findings are also
consistent with previous research findings which suggested that improved psychological and
physical wellbeing are related to increased exercise adherence in women with obesity (279). A
study by Cleo et al. (280) reported that participants in a weight loss programme were impressed
by the “indirect ripple effect” of health benefits they experienced aside from weight loss, and

this seems to be true for our study as well.

Another benefit identified is the perceived increased level of self-efficacy of participants. Some
indicated that participation in the programme assisted them with improving their scheduling
behaviour while feelings of enhanced physical fitness, reduction of stress, and improved mood
were all evident and have previously been shown to strengthen self-efficacy (208). An increase
in self-efficacy is furthermore associated with persistence in exercise training even in the
presence of challenging barriers (24). Barriers to attending the training sessions in our study

included lack of time, distance to the training venue, and limited transport to the training venue,
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all of which have been previously reported in low socioeconomic settings (199). This is
different from barriers identified in similar studies such as scheduling conflicts with

schoolwork, lack of motivation and social obligation to family or friends (201).

Moreover, participants reported aspects of the programme that they did not like such as the
venue, some personal characteristics of the trainers, high intensity exercises and perceived
racial discrimination at the venue. The latter is important as racial “everyday discrimination”
were found to be positively related to distress (199) and potentially may weaken the positive
experiences of participants to similar programmes. When considered together with the
perception of exercise as an activity done by “white” people only, careful attention should be
given to this aspect in exercise programme development. The dislike of high intensity exercise
supports the results of Foster et al. (281) that in a group of relative untrained young adults the

exercise regime with the highest intensity had the lowest enjoyment score.

Intrinsic and extrinsic aspects of the training programme and training environment, such as
support by the instructors and group, types of exercises, friendships, fun and music were
identified as well-liked aspects of the programme, which are similar to those reported by Guess
(200). Participants suggested that these positively experienced factors are important when
considering the sustainability of the programme, made them feel motivated to influence others
to exercise and motivated them to continue with the intervention. According to Withall et al.
(199) once people are active, high levels of social interaction, interest and enjoyment, are
associated with improved levels of retention. Our results show that the perceived benefits
(motivators) outweighed dislikes and barriers and facilitated the continuation and completion
of the intervention. Not only did most participants (87%) complete the programme, but some
went on to continue exercising, and all saw themselves as potentially motivating loved ones to

embark on exercise programmes.
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The non- attendance of some of the control participants for the FGDs and IDs can be viewed
as a limitation. Another limitation of the study is that no member checking was done to explore
the credibility of the findings. Various aspects of the study however contribute to the credibility
of the findings. Firstly, the study was preceded by formative work in a similar group of women
and the research team had insight into the lived experiences of the study participants. Although
the exercise training was prescriptive and not self-selected, the mode of training was based on
this formative work (46). Furthermore, extensive notes were taken by a scribe and these notes
were considered during the analysis process. The current study only included participants that
completed the intervention, as drop out participants were not contactable, but the aim was to

describe the perceptions and experiences of those that completed the intervention.

6.5 REFLECTION ON THE TRUSTWORTHINESS OF THE DATA ANALYSIS

Even though there was no member checking conducted to explore the credibility of the
findings. The current study ensured credible findings by ensuring that the FGDs and IDIs were
audio recorded, IsiXhosa words translated to English and transcribed by independent service
providers. The presence of the scribe during the FGDs and IDIs was to confirm the information
from the audio recordings. Furthermore, the identification of themes and subthemes was
applied to ensure transferable information from the audio recordings to enable us to answer our
research question. In addition, the generation of themes and subthemes by one research member
and reviewed by the rest of the research team ensured trustworthiness of the analysed data and

reporting of dependable findings.

6.6 CONCLUSION
The current study showed that the young Black SA women from a low-resourced setting that
participated in a 12-week structured exercise intervention identified perceived financial gain

and perceived weight loss as motivators for exercise adherence. Furthermore, adherence to an
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exercise training programme was identified to enhance mood, increase self-esteem, self-
efficacy, and the development of skills to cope with perceived barriers. A targeted intervention
approach that incorporates elements such as the presence of an exercise instructor, music and
dancing in a group setting should be considered when developing public health programmes
for sustainability in young women from low-income settings. It can be argued that the group-
based exercise setting created a sense of a safe training environment for the participants. The
negative influence of unsafe neighbourhood in low-resourced settings in SA as presented ealier
in the literatue review of this thesis suggest that safe exercise enviroments need to be
considered for this population. Some of the practical barriers that should be taken into
consideration in implementing similar intervetions is the limited availability of equipment,
funding, venues and trained personnel to present and supervise the exercise sessions in the
communities on a regular basis. Lastly, ease and cost of access to training facilities is key to
increasing and/or maintaining participation adherence in similar exercise training programmes
in this population and should be considered for programme sustainability. Collectively,
improved self-efficacy may play an important role in supporting exercise behaviour and should
be a component that is assessed to ensure sustainability when implementing future exercise
programmes. Despite the participants receiving the reimbursement for transport and
compensation for their time and inconvenience, we are of the opinion that financial incentives
are not likely to be a sustainable approach for long term interventions. Further research is
required to address other sustainable motivators to exercise adherence such as self-selected
exercise training modes and intensities, and combining diet and exercise to maximise weight

loss.
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CHAPTER 7

Summary discussion and conclusions
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7.1 OVERVIEW OF THE RATIONALE FOR THE THESIS

Despite a high prevalence of overweight (26.5%) and obesity (40.9%) reported among Black
SA women (11), majority of Black SA women meet the recommend PA guidelines and are
classified as physically active (12-16). However, a large percentage of this PA is accumulated
through walking for transport (12, 14), which is undertaken at a low to moderate intensity. In
contrast, a few Black SA women, particularly from low-resourced settings, participate in
leisure time PA (13). Leisure time PA, which is achieved through structured exercise
interventions, increases MVPA (17) and has also been associated with altered physical
behaviours (i.e. reduced SB) (18), improvements in body composition (19), CRF (20, 21),
perceptions of body image (22-24) and self-efficacy (6, 24) in women living with overweight
and obesity. However, most of these exercise interventions have been conducted in HICs (17-

19, 22-24, 160, 161, 174, 191), with few studies from Africa (156, 162-164).

Formative research has shown that Black SA women living in a low resource setting consider
exercise as a strategy to improve health and have demonstrated interest in participating in a
community-based exercise intervention that includes exercises such as dancing, aerobics and
lifting weights (46). However, it is not known how participation in a structured exercise
intervention will alter habitual physical behaviours, or body image and self-efficacy. Further,
little is known about the barriers and facilitators that influence participation in a structured
exercise program among women living with overweight and obesity from a low-resourced
setting. Therefore, this thesis adopted a randomised control study design and examined the
effects of a 12-week combined (aerobic and resistance) exercise training intervention on: i) the
changes in physical behaviours; and ii) body image and self-efficacy in women. Lastly, iii) this
thesis explored the perceptions and experiences of the women after participating in the 12-
week combined exercise training intervention. The summary of significant findings,

implications and novelty of each chapter are presented in table 17.

182 |Page



Chapter title

Summary of significant research findings

Implications

Novelty

Chapter 4:

behaviour patterns in response to a 12-

Changes in physical
week exercise intervention in women
living with overweight and obesity from

a low- resourced setting.

- ~ 1kg weight loss, decreased % gynoid fat
and increased CRF were observed in the EXE
group in response to the intervention, while ~
1kg weight gain and a decline in CRF were
observed in the CON group.

- Compared to the CON group and when
considering exercise days only, the following
changes were observed in response to the
exercise training in the EXE group from
baseline:

1. Significant increase in MVPA (min/d and
%) during weeks 4, 8 and 12.

2. Significant increase in TPA (min/d and %)
during week 8 and 12.

3. Accumulation of more steps during week 4,
8 and 12.

4. Decline in SB (% of awake time) during
week 4, 8 and 12.

5. Increase number of sit-to-stand transitions

during week 8.

- These findings showed that the overall daily
increases in MVPA and TPA were largely due
to the increased PA accumulated during the
exercise sessions. This corresponded with the
significant decrease in SB (% of awake time)
from baseline to week 12 among the EXE
group.

- The increase in time spent in 60 min/d
sedentary bouts by the EXE group during
week 8 of non-exercise days suggest a
compensatory behaviour that may be as a
result of fatigue from participating in the
intervention. However, the EXE group
participants seem to have overcome this in
week 12 as the time spent in 60 min bouts
reduced by almost half, an indication of
positive changes in SB as a result of the 12-

week exercise intervention.

- This is the first study to
show changes in physical
behaviours (an increase in
objectively measured overall
PA and decrease in SB (%
of awake time) in response
to a combined exercise
intervention among women
living with overweight and
obesity from low-resourced

setting.
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6. Sit-to-stand transitions significantly
increased during week 4.

- Compared to the CON group, no changes
from baseline were observed in the EXE
group during non-exercise days except for the
increased time spent (114.7 + 126.3 min/d) in
60 minutes bouts of SB during week 8.

- Lastly, increases in MVPA and TPA were
associated with increases in CRF and reduced

body weight for all participants.

Chapter 5: The effect of a 12-week
exercise intervention on perceived body
image and self-efficacy in women living
with overweight and obesity from a low-

resourced setting.

- Majority (80%) of participants from both
groups were living with obesity, but under-
estimated their BMI status and perceived
themselves to be overweight at baseline.

- Using Stunkard’s silhouettes to assess
perceptions of body image, women from both
groups desired a smaller body size and this did
not change in response to the intervention.

- Majority (60.0%) of participants in both
groups classified themselves as normal-

weight following the intervention, despite

- Findings from this study are in line with
previous research in a similar setting, where
women underestimated their body size. The
exercise intervention might have exacerbated
the underestimation of body size discordance
amongst these women.

- Underestimation of body size might have
adverse health effects such as increased risk of
developing overweight and obesity-related
NCDs.

- Despite

presenting with body size

discordance, FID score results suggested that

- This is the first study to
show that participation in a
12-week combined exercise
intervention among young
Black SA women living with
overweight and obesity from
a low- socioeconomic setting
exacerbated body size
discordance and reduced
generalized self-efficacy,

measured using Stunkard’s
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80% and 20% of the women living with
obesity and overweight

- A significant decline in general self-
efficacy was observed in both groups in

response to the intervention

most women desired a smaller body size at
baseline, and this did not change in response
to the intervention,

- The decline in the generalized self- efficacy
might negatively affect the women’s
confidence and ability to organize regular
exercise. However, the sensitivity of the tool
to assess GSE in this populations requires

further investigation.

silhouette and Generalized -
self-efficacy questionnaire.

Chapter 6: Exploring the perceptions
and experiences of young Black women
with obesity after following a 12-week

structured exercise intervention.

- Weight loss (anticipated and actual) and
remuneration costs relating to travel and time
were identified as important extrinsic
motivators for enrolling and staying in the
programme.

- Improvements in psychological wellbeing
(improved mood and self-esteem), increased
levels of perceived self-efficacy are some of
the benefits identified by the participants.

- Lack of time, distance to the training venue,
and limited transport to the training venue
were some of the barriers identified by the

women

- In contrast to the self-efficacy measured
using GSE, results of the FGD showed
increased levels of perceived self-efficacy
may have contributed to the participants
overcoming barriers and being able to
organise their time and responsibilities around
PA, an indication that they attained multiple
domains of self-efficacy including task,
coping and scheduling self-efficacy.

- Our results showed that the perceived
benefits (motivators) outweighed dislikes and
barriers and facilitated the continuation and

completion of the intervention.

- This is the first study to
report on improvements in
psychological wellbeing
(improved mood and self-
esteem) in response to a 12-
week combined exercise
intervention in young Black
SA women living with
overweight and obesity from
a low socioeconomic. In
addition, this study
highlighted barriers and
facilitators to attending an

exercise intervention.
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- Programme aspects not liked by the women
included some personal characteristics of the
trainers, high intensity exercises and
perceived racial discrimination at the venue.

- Programme aspects liked by the women
included support by the instructors and group,

types of exercises, friendships, fun and music

Abbreviations: BMI: body mass index; CRF: cardiorespiratory fitness; CON: control; EXE: exercise; FID score (calculated by subtracting the ‘ideal’ from the ‘feel’

silhouette); PA: physical activity; Min/d: minutes per day; MVPA: moderate and vigorous physical activity; NCDs: hon-communicable diseases; SA: South Africa; SB:
sedentary behaviour; %: percentage; TPA: total physical activity; ~: approximately.
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7.2 MAIN FINDINGS

This is a summary of the main findings from the various chapters presented in this thesis. At
baseline (non-exercise days), women from both the CON and EXE group accumulated an
average of 40min of MVPA/d, suggesting that these women are accumulating > 200 min/d of
MVPA throughout the week, exceeding the 75-150 min of MVPA throughout the week as
recommended by WHO (9). The daily MVPA findings from the current thesis mirror those
reported from a similar population where majority of young and middle-aged Black SA women
from low-resourced settings were reported to be meeting the PA guidelines according to the
GPAQ (12-14). Notably, the participants in the EXE group accumulated an additional >45
min/d in MVPA and >50 min/d in TPA during exercise days, with no changes in LIPA reported.
When considering all valid days, this translated into increases of >20min/d and >25min/d for
MVPA and TPA respectively among the EXE group. This was accompanied by a
commensurate 10% decrease in SB (% of awake time) among the EXE group during exercise
days. These findings show promise of the positive impact of the exercise intervention on

altering physical behaviours such as increasing MVPA and reducing SB.

The significant increase in MVVPA, TPA and daily steps among the EXE group were largely
due to the increased physical activity accumulated during the supervised exercise sessions
presented 4 sessions X wk, which progressed from 40 min to 60 min a session over the 12-week
intervention. The increase in MVPA during the exercise days was accompanied by an increase
in daily steps from +9429 steps/d to more than £14780 steps/d during exercise days throughout
the 12 week intervention, exceeding the recommended guidelines of accumulating 10,000
steps/d (251). In contrast, accumulated daily steps in the CON group decreased non-
significantly from +10,131 steps/d to an average of +9450 steps/d over the course of the
intervention, corresponding with their non-significant decrease in daily MVPA and TPA,

possibly reflecting variability in PA over time, possibly reflecting a variability.
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Even though the exercise intervention resulted in significant improvements in physical
behaviours during the non-exercise days, there was a significant increase in the time spent in
60 min/d sedentary bouts (114.7 + 126.3) among the EXE group during week 8 of the
intervention, suggesting a compensatory behaviour. This is likely due to intervention fatigue
that coincided with the decrease in training load intensity (RPE and %HRmax) among the EXE
group. However, during the non-exercise days, the time spent in 60 min SB reduced to 59.7 +
95.6 min/d in week 12 of the intervention. Furthermore, findings from the current study did not
find significant associations between sedentary time and body composition. This may be due
to the effects of the increase in sedentary time being offset by the increase sit-to stand
transitions during the same period (non-exercise days during week 8 of the intervention).
Interrupted prolonged sitting time has been shown to yield positive health benefits such as
decreased postprandial glucose and insulin levels not only in adults living with overweight and
obesity (282), but also among healthy and normal weight adults (137). Thus, it is important
that health professionals not only promote the importance of participating in exercise, but
should also raise awareness about the detrimental health effects of increased sedentary time
despite being physically active. Such awareness could possibly encourage individuals to break

up prolonged sitting time and engage in MVPA.

Findings from the current thesis also showed that the increases in MVVPA min/d were associated
with reduced body weight and improved CRF among all participants. It can be argued that the
significant increases in PA levels and reduced SB (% of awake time) among the EXE group
was a contributing factor to the small, but significant weight loss (~1 kg) and reduced BMI (~1
kg/m?), % gynoid fat (~0.3%) and improved CRF (VO2peak ~2.7 ml/kg/min) among the EXE
group. There is indisputable evidence showing that regular exercise results in increased CRF
(17, 20, 149, 150). Furthermore, greater CRF has been reported to be associated with improved

lipid profile, and greater insulin sensitivity before and after adjusting for fat mass (39). In
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contrast, low CRF is associated with higher cardiometabolic risk (153) and is also one of the
strongest predictors of all-cause mortality and NCDs (154, 155). The reduced SB (% of awake
time) among the EXE group from the current thesis is also an indication of possible
improvements in cardiometabolic health. Research findings from compositional analysis of the
24 hours movement in adults living with overweight, obesity and pre-diabetes suggest
replacing SB with LIPA may produce metabolic benefits that contribute to the prevention and
management of NCDs such a T2DM (283). Recent findings from a cross sectional study
conducted among SA women from a low-income showed that reallocation of 30 min of sitting
and lying to MVVPA and 30 min of standing to MVVPA were associated with a 0.3% and 1.4%

FM respectively (107).

It is important to note that even though large changes in body weight are not commonly shown
in response to exercise training interventions (148, 149), extrinsic factors such as physical
appearance (203) weight loss and a ‘toned body’ (204) have previously been shown to be
motivating factors for participating in exercise training. Qualitative findings (Chapter 6) from
this thesis showed that weight loss (anticipated and actual) was one of the motivators for
enrolling and staying in the intervention, despite the study aims being focused on the changes
in T2DM risks rather than changes in body weight. The women in the current study
underestimated their body size (based on BMI and silhouettes) at baseline and perceived
themselves to be overweight, as opposed to 80% being classified as living with obesity. This
did not change over time but was exacerbated with exercise training as 60% of the women from

both groups classified themselves as normal weight following the intervention.

It can be argued that exercise training can be considered as therapeutic strategy to improve
perceptions of body image (2, 22, 23). Nonetheless, the perceptions of overweight and obesity

based on BMI may have been underestimated to a greater extent due to a lack of understanding
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of BMI categories. On the other hand, body silhouette images may provide a better
representation of their body size compared to understanding the concept of BMI categories.
For the first time, results from this thesis provide information on the effects of exercise training
on perceptions of body image in Black African women living with overweight and obesity,
which may inform future interventions. Being more accepting of overweight (44, 46) and
obesity (42, 46) has been consistently reported among Black SA women. This may be due to
the fact that a bigger body size is perceived as an indicator of beauty, dignity and even a sign
of affluence (43). Whereas a thin body was viewed as not respectable and also associated with

poverty (43) and sickness (45, 46).

Body size underestimation and body image (discordance) could negatively impact weight
management and the prevention of NCDs. Body weight discordance has been associated with
an increased prevalence of obesity and cardiovascular diseases (49) and may have important
implications for weight management and the prevention of NCDs (264). Moreover, the FID
score (body size dissatisfaction) of 1 (1-2) suggested that most participants desired a smaller
body size at baseline, and this did not change in response to the intervention. The desire to have
a smaller body size has been observed in other studies conducted among economically
disadvantaged African American and African women living with overweight and obesity (45,
48, 49, 179), which may suggest that the women may be receptive to interventions that can

result in more significant weight loss, such as combined diet and exercise interventions.

Community based exercise interventions comprising of dancing, aerobics and lifting weights
have been identified as some of the desirable exercise activities to improve health by Black SA
women from a low-resourced setting (46). These activities were incorporated into the
intervention presented as part of this thesis, which were identified as well-liked aspects of the

intervention in the FGDs. These well-liked intervention aspects could have possibly
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contributed to the high exercise intervention adherence and retention with a recorded
attendance of 77.2%. Once people are active, high levels of social interaction, interest and
enjoyment, are associated with improved levels of retention (199). In addition, participants
from the current study reported that financial remuneration for travelling costs and time were
motivators for enrolling and staying in the intervention, which might have also contributed to
the high attendance rate to the exercise sessions. Financial incentives in adults living with
obesity from high-income countries have been effective in achieving PA goals and moderating
the effects of self-efficacy on weight-loss (273, 274). There is a paucity of data reporting on
the role of financial incentives on physical activity interventions within the SA context.
Financial remuneration is not a sustainable approach for interventions in low resource settings

such as SA, and further research is required to address other sustainable extrinsic motivators.

The common barriers to the intervention reported by the participants during FGDs (Chapter 6)
included lack of time, distance to the training venue, and limited transport to the training venue,
all of which have been previously shown in low-resourced settings (199). Nonetheless, the
77.2% attendance rate to the exercise sessions in the current study (Chapter 4) indicate the
participants’ ability to control environmental challenges that were related to the exercise
intervention. Qualitative findings from this thesis (Chapter 6) provide evidence that
participants attained multiple domains of self-efficacy including task, coping and scheduling
self-efficacy. Thus suggesting that participants developed confidence to participate in physical
activity, overcame barriers, and organised their time and responsibilities around physical
activity (205). According to the SCT, self-efficacy is a focal determinant of health behaviour
change, because it is the common pathway through which self-regulatory efforts influence
health functioning (210). In addition, self-efficacy is an individual’s confidence in his or her

ability to organise regular exercise, belief in ability to perform the elemental aspects of a task,
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confidence in successfully completing an activity and ability to perform the tasks under

challenging conditions (208).

Surprisingly a significant decline in questionnaire based GSE (221), was observed in both
groups post intervention. This is contrasts to the reported improvement in perceived level of
self-efficacy during the FGDs and IDIs (Chapter 6). The GSE findings from the current thesis
(Chapter 5) differ from those previously reported, where exercise training resulted in enhanced
physical self-efficacy among college students (24), significant improvements in general self-
efficacy among sedentary women (191), and schedule, physical, exercise-worries efficacy in
women living with overweight and obesity (6). The GSE questionnaire may not capture the
participants response to an exercise training intervention adequately. This specific
questionnaire has not been validated in this context previously, thus, may not have provided
accurate answers and requires further investigation. Further insight into self-efficacy in
response to exercise interventions using a qualitative approach may better capture the nuances
in this population. Indeed, qualitative findings (Chapter 6) from the current study showed that
improvement in psychological wellbeing (improved mood and self-esteem) were other reported
benefits of the intervention. Feelings of elevation of mood can strengthen self-efficacy and may

play an important role in supporting exercise behaviour (208).
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7.3 STRENGTHS AND LIMITATIONS

Strengths from this thesis include the true experimental design through a randomised control
trial with random assignment of participants to either the treatment (exercise) or control group.
All the exercise sessions were conducted in a group setting and were supervised by a trained
Biokineticist (Exercise Physiologist). In addition, the training intensity of each participant was
captured at each session using heart rate monitors to show that the participants achieved the
desired training intensity of 70-85%HRmax for continuous aerobic training and 60-
70%HRmax for resistance training. Both the control and exercise groups were advised to
maintain their normal dietary behaviour, while only the control group participants were asked
to maintain their normal physical behaviour patterns throughout the 12-week study period.
Physical behaviours and dietary intake were measured in both groups. There were no

significant changes observed in dietary intake over time between the groups.

Other strengths from this thesis include the use of objective tools to measure body composition,
CRF, PA and SB. The DXA was used to measure body composition and CRF was determined
by measuring VOzpeak Using a walking treadmill-based graded exercise test using direct
calorimetry. Furthermore, hip worn (ActiGraph) and thigh worn (ActivPAL) accelerometers
were used to measure PA and SB, respectively. Advantages of using these objective measures
of PA and SB as opposed to subjective measurement tools is their high reliability and validity
for quantifying physical behaviour patterns (95). Changes in PA and SB were collected from
both groups across four time points during the 12-week intervention. Physical activity and SB
variables were further differentiated into exercise days and non-exercise days. Averages were
not used during statistical analysis, but each individual day of data was considered a single data
point for the purpose of capturing variation in the data. Moreover, weekly sleep log sheets were

used to exclude sleeping time from sedentary time.
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A valid and reliable instrument was used for assessing perception of body image previously
used in this population (188). In addition, FGDs and IDIs were used to gather information on
self-efficacy, and the experiences and perceptions of the exercise intervention. The semi-
structured FGD questions were formulated based on previous qualitative work done in a similar
group of women from the study community (46). FGDs provide a conducive environment for
understanding collective social action, accessing group beliefs and understanding behaviours
and attitudes that might be overlooked during IDIs (195) Nonetheless, IDIs comprising of a
single open-ended question allow the interviewer to follow topical trajectories in the
conversation, as well as provide the interviewees freedom to express their views in their own
terms (238, 239). The advantage of IDIs is that it eliminates the influence of others’ opinions
that could have occurred during the FGDs (237). Both the FGDs and IDIs were audio recorded
and a trained facilitator and scribe who were fluent in both English and IsiXhosa, the vernacular
of the study population, conducted all the FGDs and IDIs. This was to ensure that no participant
was excluded from the FGD and IDIs because of language barriers. Familiarity with the
language commonly used by research participants is important both for effective
communication and development of an adequate understanding of their experiences and beliefs
(240). Furthermore, extensive notes were taken by the scribe and these notes were considered
during the analysis process. The audio recordings were transcribed from IsiXhosa into English
by an independent translator, fluent in both English and IsiXhosa. The accuracy of the

transcriptions was checked by the researcher against the notes taken by the scribe.

This thesis reports on secondary outcomes from the primary study and this can be viewed as a
limitation. Two main outcomes of physical behaviours (daily steps and MVPA in min/d and
%) were sufficiently powered (power >80%). However, TPA and %SB were not sufficiently
powered (power <80%). Even though the ActiGraph accelerometer was used to quantify PA

intensity, the various cut points used have not been validated in a South African population and
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this can be viewed as a limitation. Further, the unequal number of days obtained from the PA
and SB variables through the four times points of the intervention from both groups is another
limitation observed in this thesis. Nonetheless, we were able to obtain data for a maximum of
114 valid days and minimum of 112 valid days for the EXE group, while a maximum of 98
valid days and a minimum of 76 valid days were obtained from the CON group for a specific
time point during the 12-week intervention, providing robust data from both groups. Another
limitation observed in this thesis was the higher dropout rate in the CON group (n=7) in
comparison to the EXE group (n=3). The use of the GSE questionnaire for assessing self-
efficacy was another limitation from this thesis as it has never been validated in SA.
Nonetheless, this tool was used in the current study as it is reported to reflect a generalisation
across various domains of functioning in which people use to judge how successful they are
(7). To the best of our knowledge, this tool has not been validated in this population.
Furthermore, the selection of the most vocal participants from the focus groups in the inclusion
of the IDIs may have introduced bias to the results. Possibly, limiting the themes identified in
the current study and needs to be considered when interpreting the outcomes. Furthermore,
only participants that completed the intervention were included in the FGDs and IDs as drop
out participants were not contactable, thus the reasons for dropping out could not be accurately
assessed. Nonetheless, the aim of this thesis was to describe the perceptions and experiences
of those that completed the intervention. Other limitations of the current thesis are the relatively
small sample size and unequal distribution between the treatment and control group. Data on
socioeconomic position were also self-reported, thus may be subject to recall bias. It is also
important to note that findings from this study cannot be generalisable to all populations as it
was only conducted in young Black SA women living with overweight and obesity from a low
resourced setting. Nonetheless, this is an understudied and underserved population that

presents with a high prevalence of overweight, obesity and NCDs risk.
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7.4 CONCLUSION

Findings from this thesis showed an increase of approximately 60 min/d in MVPA and 79
min/d in TPA with a reduction of 9.7% in SB (% of awake time) among the EXE group during
exercise days only at week 12 of the intervention. In addition, an average increase of 25min/d
in MVPA and 48min/d in TPA with a reduction of 5% in SB (% of awake time) was observed
in the EXE group during all valid days. These results indicate the practical significance of
potential positive health outcomes from increased MVPA and reduced SB. Our findings
provide a clear indication that the overall PA increases with exercise training were largely due
to the increased PA accumulated during exercise sessions. These findings suggest that the
exercise intervention may support positive changes in physical behaviours. Even though the
exercise intervention did not translate to clinically meaningful changes in body weight, the
improvement in CRF highlights the need for long term aerobic and resistance community-
based group exercise interventions for this population. We hypothesize that long term exercise
interventions, beyond 12-weeks may result in long term positive health outcomes. Furthermore,
the positive changes in CRF and PA patterns experienced with exercise training may have the
potential to positively impact the cardiometabolic health of this population and also possibly

reduce the prevalence of NCD’s and MetS among this population.

Substituting SB with 30 min/d of MVPA has been reported to result in positive clinical
outcomes among middle-aged South African adults (107, 121). Kufe and colleagues showed
that substituting 30 min/d of sitting/lying, standing or LIPA with the same amount of MVPA
time was associated with increased insulin sensitivity in middle age SA women from a low
socio-economic setting (121). In the same cohort, Mendham and colleagues showed that
reallocation of 30 min/d of sitting/lying to MVPA or 30 min of standing to MVPA in women

were associated with a 0.3% and 1.4% lower FM, respectively (107). Finding from this thesis
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highlight the importance of incorporating MVPA into daily PA, especially for reducing

cardiometabolic risk factors such as insulin resistance and obesity.

Findings from the qualitative interviews (chapter 6) highlighted that following the 12 -week
exercise intervention, participants felt fitter and more toned. Furthermore, the fact that majority
of the participants in the study desired to be smaller in body size suggests that these women
may be receptive to health and weight-loss exercise interventions. On the other hand, the
underestimation of body size which was exacerbated by the intervention might have adverse
health effects as the women age and are at greater risk of developing NCDs. The perceptions
of overweight and obesity based on BMI were underestimated to a greater extent likely due to
a lack of understanding of BMI categories. Rather, visual silhouettes may be a better tool for
communicating body size in this setting. Furthermore, a targeted intervention approach that
incorporates elements such as the presence of an exercise instructor, music and dancing in a
group setting should be considered when developing lifestyle intervention programmes for
sustainability in young women from low-resourced settings. In addition, accessibility to
training facilities is key to increasing and/or maintaining participation adherence in exercise

training in this population and should be considered for program sustainability.

7.5 FUTURE RECOMMENDATIONS

The primary study was a mechanistic study aimed at exploring the changes in insulin sensitivity
among African women living with overweight and obesity in response to a 12-week exercise
intervention. However, FGDs and IDIs were conducted to gain an understanding of the
perceptions and experiences of a 12-week structured exercise intervention for the purpose of
identifying barriers and enablers that can be used to design future long-term exercise
interventions. In addition, explore the effectiveness of the exercise intervention in changing
PA, SB, perceptions of body image and general self-efficacy. Findings from this thesis can be

used to inform implementation of future exercise intervention studies in this population.
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In order to obtain a clinically meaningful weight loss, moderate to vigorous intensity exercise
training needs to be complimented with other lifestyle related interventions such as dietary
interventions (foods to avoid and/or limit) and nutritional and /or dietary education on
consuming healthy foods considering the individuals’ budget. For example, an intervention
study as long as 12-weeks among middle age adults with obesity (18-45 years old) have shown
that combined dietary restriction and exercise yield greater weight loss (-12kg) compared to
exercise only intervention, which only yielded -3.5kg weight loss (284). Being physically
active even outside the structured exercise session (i.e moving more and sitting less) should

also be promoted as it may lead to positive health outcomes.

Future exercise interventions in this population should include educating the women about the
health risks associated with a bigger body size. It can be argued that most women from low-
resourced settings do not have access to body weight scales and the concept of BMI categories
may not be fully understood. However, the body silhouette images may provide a better
representation of their body size and shape and due to its visual nature, may be a more
appropriate tool for educating women from low-resource settings about living with overweight
and obesity and adverse health effects. There seems to be limited research reporting on the
validation of the GSE rating scale among this population and this requires further investigation.
It is also important to assess the targeted populations’ perceptions and experiences about the
delivered health intervention for the purpose of determining the effectiveness of the
intervention in a real-world setting among young and older women and men residing in a low-
resourced setting. Findings from such assessments can provide guidelines on the sustainability
of public health community interventions that are not constantly supervised by the research
and/or health care team. The ease and cost of access to training facilities is key to possibly
increasing and/or maintaining participation adherence in similar exercise training programmes

among this population. Thus, future interventions should ensure easy access to training venues
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and/or facilities. Lastly, similar studies need to be replicated in older men and women as these
populations are not excluded from the risk of NCD’s, posing and additional burden on the
health system.
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The findings presented in this thesis were part of a larger study that aimed to examine the
mechanisms underlying the changes in insulin sensitivity and secretion in response to a 12-
week exercise intervention in Black South African women living with overweight and obesity.

Chapter 1: | drafted the introduction chapter.

Chapter 2: | conducted literature search and drafted the literature review.

Chapter 3: | conducted literature search and drafted the methods for the current study. In
addition, 1 compiled ethical application for the study and was responsible to the annual ethics

renewal application.

Chapter 4: | was responsible for the initialisation, issuing and collection of the accelerometers
from the participants every four weeks. | also delivered the daily supervised exercise training
sessions with the help of the student assistance. Furthermore, | was responsible for
downloading the accelerometers and HR monitors after every exercise training session. In
addition, I analysed all the data with the assistance of Dr Simone Tomaz for the accelerometer

data.

Chapter 5: | collected and analysed the data. In addition, | drafted the entire chapter.

Chapter 6: | formulated the FGD and IDI questions. In addition, I coded and analysed all the
FGD and IDI qualitative data. Thereafter, formulated the main themes and subthemes.

Furthermore, | drafted the published manuscript with the collaboration of the co-authors.

Chapter 7: | drafted the discussion drawing the main findings from the research chapters

presented in this thesis.

199 |Page



Funding: This study was funded by the National Research Foundation of South Africa (NRF),

Competitive Programme for Rated Researchers (Grant no: 93577).

200 | Page



REFERENCES:

1. Rowe DA, Benson J, Baumgartner TA. Development of the body self-image
questionnaire. Meas Phys Educ Exerc Sci. 1999;3(4):223-47.

2. BasTug G OZR, GiiLtekiN D, GiiNay O. The effects of cross-fit, pilates and zumba
exercise on body composition and body image of women. Int J Sports Exerc Train Sci.
2016;2(1):22-9.

3. McKinney J, Lithwick DJ, Morrison BN, Nazzari H, Isserow SH, Heilbron B, Krahn
AD. The health benefits of physical activity and cardiorespiratory fitness. B C Med J.
2016;58(3):131-7.

4. Ross R, Blair SN, Arena R, Church TS, Despreés J-P, Franklin BA, et al. Importance of
assessing cardiorespiratory fitness in clinical practice: a case for fitness as a clinical vital sign:
a scientific statement from the American Heart Association. Circ. 2016;134(24):653-9.

5. Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and physical
fitness: definitions and distinctions for health-related research. Public Health Rep.
1985;100(2):126.

6. Buckley J. Exercise self-efficacy intervention in overweight and obese women. J Health
Psychol. 2016;21(6):1074-84.

7. Luszczynska A, Scholz U, Schwarzer R. The general self-efficacy scale: multicultural
validation studies. J Psychol. 2005;139(5):439-57.

8. World Health Organization Obesity: preventing and managing the global epidemic:
Report of WHO consultation 2000 [cited 2023 15 Nov]. Available from:

https://iris.who.int/handle/10665/42330.

9. World Health Organization . Guidelines on physical activity and sedentary behaviour
Geneva: WHO,; 2020 [cited 2021 Nov 15]. Available from:

https://www.who.int/publications/i/item/9789240015128

201 |Page


https://iris.who.int/handle/10665/42330
https://www.who.int/publications/i/item/9789240015128

10.  World Health Organization: Obesity and overweight 2016 [Available from:

https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight.

11.  South African Department of Health SSA, South African Medical Research Council.
South Africa Demographic Health Survey 2016. Souh Africa2016.

12. Dickie K, Micklesfield LK, Chantler S, Lambert EV, Goedecke JH. Meeting physical
activity guidelines is associated with reduced risk for cardiovascular disease in black South
African women; a 5.5-year follow-up study. BMC Public Health. 2014;14(1):2-11.

13.  Prioreschi A, Wrottesley SV, Norris SA. Physical activity levels, food insecurity and
dietary behaviours in women from Soweto, South Africa. J Community Health. 2021;46:156-
64.

14.  Gradidge PJ-L, Crowther NJ, Chirwa ED, Norris SA, Micklesfield LK. Patterns, levels
and correlates of self-reported physical activity in urban black Soweto women. BMC Public
Health. 2014;14(934):1-10.

15. Muti M, Ware LJ, Micklesfield LK, Ramsay M, Agongo G, Boua PR, et al. Physical
Activity and Its Association With Body Mass Index: A Cross-Sectional Analysis in Middle-
Aged Adults From 4 Sub-Saharan African Countries. J Phys Act Health. 2023;20(3):217-25.
16.  Prioreschi A, Brage S, Westgate K, Norris S, Micklesfield L. Cardiorespiratory fitness
levels and associations with physical activity and body composition in young South African
adults from Soweto. BMC Public Health. 2017;17(1):1-8.

17.  Andersen E, Hastmark AT, Holme I, Anderssen SA. Intervention effects on physical
activity and insulin levels in men of Pakistani origin living in Oslo: a randomised controlled
trial. J Immigr Minor Health. 2013;15(1):101-10.

18. Kozey-Keadle S, Staudenmayer J, Libertine A, Mavilia M, Lyden K, Braun B,
Freedson P. Changes in sedentary time and physical activity in response to an exercise training

and/or lifestyle intervention. J Phys Act Health. 2013;11(7):1324-33.

202 |Page


https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight

19.  Share BL, Naughton GA, Obert P, Peat JK, Aumand EA, Kemp JG. Effects of a multi-
disciplinary lifestyle intervention on cardiometabolic risk factors in young women with
abdominal obesity: a randomised controlled trial. PLoS One. 2015;10(6):1-15.

20.  Ho SS, Dhaliwal SS, Hills AP, Pal S. The effect of 12 weeks of aerobic, resistance or
combination exercise training on cardiovascular risk factors in the overweight and obese in a
randomized trial. BMC Public Health. 2012;12(1):1-10.

21. Kong Z, Sun S, Liu M, Shi Q. Short-term high-intensity interval training on body
composition and blood glucose in overweight and obese young women. J Diabetes Res.
2016;2016(1):1-9.

22. Bak-Sosnowska M, Gruszczynska M, Skrypnik D, Grzegorczyn S, Karolkiewicz J,
Ratajczak M, et al. Type of Physical Training and Selected Aspects of Psychological
Functioning of Women with Obesity: A Randomised Trial. Nutrients. 2021;13(8):1-15.

23.  Ginis KAM, McEwan D, Josse AR, Phillips SM. Body image change in obese and
overweight women enrolled in a weight-loss intervention: The importance of perceived versus
actual physical changes. Body image. 2012;9(3):311-7.

24.  Williams PA, Cash TF. Effects of a circuit weight training program on the body images
of college students. Int J Eat Disord. 2001;30(1):75-82.

25.  Yatsuya H, Li Y, Hilawe EH, Ota A, Wang C, Chiang C, et al. Global trend in
overweight and obesity and its association with cardiovascular disease incidence. Circu J.
2014;78(12):2807-18.

26. De Lucia Rolfe E, Ong KK, Sleigh A, Dunger DB, Norris SA. Abdominal fat depots
associated with insulin resistance and metabolic syndrome risk factors in black African young

adults. BMC Public Health. 2015;15(1):1-7.

203 | Page



27. Lobstein T, Brinsden H, Neveux M. World Obesity Atlas 2022 [cited 2023 25 May].

1-289]. Available from: https://www.worldobesity.org/resources/resource-library/world-

obesity-atlas-2022.

28. Bradshaw D, Joubert J, Abdelatif N, Cois A, Turawa E, Awotiwon O, et al. Estimating
the changing burden of disease attributable to high body mass index in South Africa for 2000,
2006 and 2012. S Afr Med J. 2022;112(8b):583-93.

29.  Sartorius B, Veerman LJ, Manyema M, Chola L, Hofman K. Determinants of obesity
and associated population attributability, South Africa: Empirical evidence from a national
panel survey, 2008-2012. PLoS One. 2015;10(6):1-20.

30.  Crowther NJ, Norris SA. The current waist circumference cut point used for the
diagnosis of metabolic syndrome in sub-Saharan African women is not appropriate. PLoS One.
2012;7(11):1-8.

31.  Chantler S, Dickie K, Micklesfield LK, Goedecke JH. Determinants of change in body
weight and body fat distribution over 5.5 years in a sample of free-living black South African
women. Cardiovasc J Afr. 2016;27(6):367-74.

32.  Gradidge PJ-L, Norris SA, Jaff NG, Crowther NJ. Metabolic and body composition risk
factors associated with metabolic syndrome in a cohort of women with a high prevalence of
cardiometabolic disease. PL0oS One. 2016;11(9):1-13.

33.  Gradidge PJ-LJGha. Factors associated with obesity and metabolic syndrome in ageing
black South African women. 2017;10(1):1-9.

34. Alaba O, Chola LlJljoer, health p. Socioeconomic inequalities in adult obesity
prevalence in South Africa: a decomposition analysis. 2014;11(3):3387-406.

35. Cook I, Alberts M, Lambert E. Relationship between adiposity and pedometer-assessed

ambulatory activity in adult, rural African women. Int J Obesity. 2008;32(8):1327-30.

204 |Page


https://www.worldobesity.org/resources/resource-library/world-obesity-atlas-2022
https://www.worldobesity.org/resources/resource-library/world-obesity-atlas-2022

36. Mukoma G, Wrottesleya SV, Kagurac J, Onid T, Micklesfielda L, Norris SA. The
relationships between socioeconomic status, dietary knowledge and patterns, and physical
activity with adiposity in urban South African women. South Afr J Clin Nutr. 2023;36(2):56—
62.

37.  Odunitan-Wayas F, Okop K, Dover R, Alaba O, Micklesfield L, Puoane T, et al. Food
Purchasing Characteristics and Perceptions of Neighborhood Food Environment of South
Africans Living in Low-, Middle- and High-Socioeconomic Neighborhoods. Sustainability.
2018;10(12):2-16.

38.  Peer N, Lombard C, Steyn K, Gwebushe N, Levitt NJPo. Differing patterns of
overweight and obesity among black men and women in Cape Town: The CRIBSA Study.
PLoS One. 2014;9(9):1-8.

39. Dickie K, Micklesfield LK, Chantler S, Lambert EV, Goedecke JH. Cardiorespiratory
fitness and light-intensity physical activity are independently associated with reduced
cardiovascular disease risk in urban black South African Women: A cross-sectional study.
Metab Syndr Relat Disord. 2016;14(1):1-10.

40. Micklesfield LK, Westgate K, Smith A, Kufe C, Mendham AE, Lindsay T, et al.
Physical activity and posture profile of a South African cohort of middle-aged men and women
as determined by integrated hip and thigh accelerometry. medRxiv. 2021:2-35.

41.  Cook I, Alberts M, Brits JS, Choma SR, Mkhonto SS. Descriptive epidemiology of
ambulatory activity in rural, black South Africans. Med Sci Sports Exerc. 2010;42(7):1261-8.
42. Bosire EN, Cohen E, Erzse A, Goldstein SJ, Hofman KJ, Norris SA. ‘I’d say I'm fat,
I’'m not obese’: obesity normalisation in urban-poor South Africa. Public Health Nutr.

2020;23(9):1515-26.

205 | Page



43. Dandala P, Kolanisi U, van Onselen A, Green JM. Black South African Women’s
perceptions of obesity in the Msunduzi district of Pietermaritzburg. J Consum Sci. 2018;3:22-
9.

44, Devanathan R, Devanathan V, Esterhuizen TM. Incongruence in body image and body
mass index: A surrogate risk marker in Black women for type 2 diabetes mellitus. Afr J Prim
Health Care Fam Med. 2013;5(1):1-6.

45, Devanathan R, Esterhuizen TM, Govender RD. Overweight and obesity amongst Black
women in Durban, KwaZulu-Natal: A ‘disease’of perception in an area of high HIV
prevalence. Afr J Prim Health Care Fam Med. 2013;5(1):1-7.

46. Draper CE, Davidowitz KJ, Goedecke JH. Perceptions relating to body size, weight
loss and weight-loss interventions in black South African women: a qualitative study. Public
Health Nutr. 2015;19(3):548-56.

47.  Gradidge P, Golele P, Cohen E. Body weight perceptions and obesity amongst
university employed South African women. Women Health. 2020;60(8):851-62.

48.  Okop KJ, Mukumbang FC, Mathole T, Levitt N, Puoane T. Perceptions of body size,
obesity threat and the willingness to lose weight among black South African adults: a
qualitative study. BMC Public Health. 2016;16(1):1-13.

49.  Okop KJ, Levitt N, Puoane T. Weight underestimation and body size dissatisfaction
among black African adults with obesity: Implications for health promotion. Afr J Prim Health
Care Fam Med. 2019;11(1):1-8.

50.  Patro BK, Jeyashree K, Gupta PK. Kuppuswamy’s socioeconomic status scale 2010—
The need for periodic revision. Indian J Pediatr. 2012;79(3):395-6.

51. Glymour MM, Avendano M, Kawachi I. Socioeconomic status and health. Social

epidemiology. 2014;2:17-63.

206 |Page



52. Boissonnet C, Schargrodsky H, Pellegrini F, Macchia A, Marcet Champagne B, Wilson
E, Tognoni G. Educational inequalities in obesity, abdominal obesity, and metabolic syndrome
in seven Latin American cities: the CARMELA Study. Eur J Cardiovasc Prev Rehabil.
2011;18(4):550-6.

53. Coogan PF, Cozier YC, Krishnan S, Wise LA, Adams-Campbell LL, Rosenberg L,
Palmer JR. Neighborhood socioeconomic status in relation to 10-year weight gain in the Black
Women's Health Study. Obesity. 2010;18(10):2064-5.

54, Kwon S, Wang M, Hawkins M. Association between Self-Reported Physical Activity
and Obesity among White, Black, Hispanic, and Asian Americans. Ethn Dis. 2013;23(2):129-
35.

55.  HensonJ, Yates T, Biddle SJ, Edwardson CL, Khunti K, Wilmot EG, et al. Associations
of objectively measured sedentary behaviour and physical activity with markers of
cardiometabolic health. Diabetologia. 2013;56(5):1012-20.

56.  World Health Organization . Promoting Physical Activity in the African region: WHO,;

2023 [cited 2023 Nov 11]. Available from: https://www.afro.who.int/publications/promotiong-

physical-activity-african-region.

57. Malambo P, De Villiers A, Lambert EV, Puoane T, Kengne AP. Associations of
perceived neighbourhood safety from traffic and crime with overweight/obesity among South
African adults of low-socioeconomic status. PLoS One. 2018;13(10):1-11.

58. He Z, Bishwajit G, Yaya S, Cheng Z, Zhou Y. Perceived neighborhood safety and
exercise behavior among community dwellers in Gauteng, South Africa. Med. 2020;99(51):1-
10.

59. Micklesfield LK, Lambert EV, Hume DJ, Chantler S, Pienaar PR, Dickie K, et al.
Socio-cultural, environmental and behavioural determinants of obesity in black South African

women: review articles. Cardiovasc J of Afr. 2013;24(9):369-75.

207 |Page


https://www.afro.who.int/publications/promotiong-physical-activity-african-region
https://www.afro.who.int/publications/promotiong-physical-activity-african-region

60.  Adeniyi OV, Longo-Mbenza B, Goon D. Female sex, poverty and globalization as
determinants of obesity among rural South African type 2 diabetics: a cross-sectional study.
BMC Public Health. 2015;15(298):2-8.

61. Nakhooda Re, Wiles N. Consumption of added sugars among undergraduate students
at a South African university and its association with BMI. South Afr J Clin Nutr.
2020;33(3):64-71.

62.  Ware LJ, Kim AW, Prioreschi A, Nyati LH, Taljaard W, Draper CE, et al. Social
vulnerability, parity and food insecurity in urban South African young women: the healthy life
trajectories initiative (HeLT1) study. J Public Health Policy. 2021;42(3):373-89.

63. Hunter-Adams J, Battersby J, Oni T. Food insecurity in relation to obesity in peri-urban
Cape Town, South Africa: Implications for diet-related non-communicable disease. Appetite.
2019;137:244-9.

64. FAO. Declaration of the world summit on food security. FAO Rome, Italy; 2009. p. 16-
8.

65.  Jones AD, Ngure FM, Pelto G, Young SL. What are we assessing when we measure
food security? A compendium and review of current metrics. Adv Nutr. 2013;4(5):481-505.
66. Bocquier A, Vieux F, Lioret S, Dubuisson C, Caillavet F, Darmon N. Socio-economic
characteristics, living conditions and diet quality are associated with food insecurity in France.
Public Health Nutr. 2015;18(16):2952-61.

67. Kehoe SH, Wrottesley SV, Ware L, Prioreschi A, Draper C, Ward K, et al. Food
insecurity, diet quality and body composition: data from the Healthy Life Trajectories Initiative
(HeLTI) pilot survey in urban Soweto, South Africa. Public Health Nutr. 2021;24(7):1629-37.
68.  Temple NJ, Steyn NPJN. The cost of a healthy diet: A South African perspective.

2011;27(5):505-8.

208 |Page



69. Nedzingahe V, Tambe BA, Zuma MK, Mbhenyane XG. Associations among Food
Systems, Food Environments, Food Choices, Food Security, and Nutrition Transition in
Limpopo Province, South Africa: A Cross-Sectional Study. Int J of Environ Res Public Health.
2023;20(16):1-21.

70. Dicken SJ, Batterham RL. The role of diet quality in mediating the association between
ultra-processed food intake, obesity and health-related outcomes: a review of prospective
cohort studies. Nutrients. 2021;14(1):1-38.

71.  Shatwan IM, Almoraie NM. Correlation between dietary intake and obesity risk factors
among healthy adults. Clin Nutr Open Sci. 2022;45:32-41.

72. Motswagole B, Jackson J, Kobue-Lekalake R, Maruapula S, Mongwaketse T, Kwape
L, et al. The Association of General and Central Obesity with Dietary Patterns and
Socioeconomic Status in Adult Women in Botswana. J Obes. 2020;2020(1):1-10.

73. Mashiane JT, Monyeki KD, Kengne AP, Rosina NM, Monyeki MS. Ellisras
Longitudinal Study 2017: The relationship between dietary intake and body mass index among
young rural adults in South Africa aged 18 to 30 years (ELS 18). Cardiovasc J Afri.
2018;29(5):301-4.

74. Bussmann JB, van den Berg-Emons RJ. To total amount of activity..... and beyond:
perspectives on measuring physical behavior. Front Psychol. 2013;4:1-6.

75.  Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ, Lee I-M, et al.
Quantity and quality of exercise for developing and maintaining cardiorespiratory,
musculoskeletal, and neuromotor fitness in apparently healthy adults: guidance for prescribing
exercise. 2011:1334-59.

76. Pate RR, O'Neill JR, Lobelo F. The evolving definition of" sedentary". Exerc Sport Sci

Rev. 2008:36(4):173-8.

209 |Page



77. Hildebrand M, Van Hees V, Hansen B, Ekelund U. Age Group Comparability of Raw
Accelerometer Output from Wrist- and Hip-Worn Monitors. Med Sci Sports Exerc.
2014;46(9):1816-24.

78. Hamrik Z, SigmundovA;j D, Kalman M, Pavelka J, Sigmund E. Physical activity and
sedentary behaviour in Czech adults: Results from the GPAQ study. Euro J Sport Sci.
2014;14(2):193-8.

79. Haskell WL, Lee I-M, Pate RR, Powell KE, Blair SN, Franklin BA, et al. Physical
activity and public health: updated recommendation for adults from the American College of
Sports Medicine and the American Heart Association. Phys Act Public Health.
2007;39(8):1082-93.

80. Hagstromer M, Oja P, Sjostrom M. Physical activity and inactivity in an adult
population assessed by accelerometry. Med Sci Sports Exerc. 2007;39(9):1502-8.

81. Fuezeki E, Engeroff T, Banzer W. Health benefits of light-intensity physical activity: a
systematic review of accelerometer data of the National Health and Nutrition Examination
Survey (NHANES). Sports Med. 2017;47:1769-93.

82.  Van Remoortel H, Camillo CA, Langer D, Hornikx M, Demeyer H, Burtin C, et al.
Moderate intense physical activity depends on selected Metabolic Equivalent of Task (MET)
cut-off and type of data analysis. PLoS One. 2013;8(12):1-9.

83.  Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, et al. World
Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br J Sports
Med. 2020;54(24):1451-62.

84. Hamilton MT, Healy GN, Dunstan DW, Zderic TW, N O. Too Little Exercise and Too
Much Sitting: Inactivity Physiology and the Need for New Recommendations on Sedentary

Behavior. Inact Physiol. 2008;2:292-8.

210 | Page



85. Governments A. Department of Health. Australia’s Physical Activity and Sedentary
Behaviour Guidelines. 2016.

86. Fuzéki E, Vogt L, Banzer W. German national physical activity recommendations for
adults and older adults: methods, database and rationale. Gesundheitswesen (Bundesverband
der Arzte des Offentlichen Gesundheitsdienstes (Germany)). 2017;79(S 01):S20-S8.

87. Mclintyre L, Dutton M. Eating and activity guidelines for New Zealand adults: Ministry
of Health (New Zealand); 2015 [cited 2023 25 May]. Available from:

https://www.tewhatuora.govt.nz/health-services-and-programmes/nutrition/eating-and-

activity-guidelines.

88.  Tremblay MS, Carson V, Chaput J-P, Connor Gorber S, Dinh T, Duggan M, et al.
Canadian 24-hour movement guidelines for children and youth: an integration of physical
activity, sedentary behaviour, and sleep. Appl Physiol, Nutr &, Metab. 2016;41(6):311-27.
89.  Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE, et al.
International physical activity questionnaire: 12-country reliability and validity. Med Sci
Sports Exerc. 2003;35(8):1381-95.

90. Cleland CL, Hunter RF, Kee F, Cupples ME, Sallis JF, Tully MA. Validity of the global
physical activity questionnaire (GPAQ) in assessing levels and change in moderate-vigorous
physical activity and sedentary behaviour. BMC Public Health. 2014;14(1255):1-11.

91. Bull FC, Maslin TS, Armstrong T. Global physical activity questionnaire (GPAQ): nine
country reliability and validity study. J Phys Act Health. 2009;6(6):790-804.

92.  Trinh OT, Do Nguyen N, Van Der Ploeg HP, Dibley MJ, Bauman A. Test-retest
repeatability and relative validity of the Global Physical Activity Questionnaire in a developing
country context. J Phys Act Health. 2009;6(1):46-53.

93.  Kastelic K, Sarabon N. Comparison of self-reported sedentary time on weekdays with

an objective measure (activPAL). Meas Phys Educ Exerc Sci. 2019;23(3):227-36.

211 |Page


https://www.tewhatuora.govt.nz/health-services-and-programmes/nutrition/eating-and-activity-guidelines
https://www.tewhatuora.govt.nz/health-services-and-programmes/nutrition/eating-and-activity-guidelines

94.  Thakkar N, Jamnik V, Ardern Cl. Cross-associations between physical activity and
sedentary time on metabolic health: a comparative assessment using self-reported and
objectively measured activity. J Public Health. 2018;40(4):464-73.

95.  Atkin AJ, Gorely T, Clemes SA, Yates T, Edwardson C, Brage S, et al. Methods of
measurement in epidemiology: sedentary behaviour. Int J Epidemiol. 2012;41(5):1460-71.
96. Baumgartner TA, Jackson AS, Mahar MT, Rowe DA. Measurement for evaluation in
kinesiology: Jones and Bartlett Publishers; 2015.

97. Matthews CE, Ainsworth BE, Thompson RW, Bassett Jr DR. Sources of variance in
daily physical activity levels as measured by an accelerometer. Med Sci Sports Exerc.
2002;34(8):1376-81.

98.  Trost SG, Mciver KL, Pate RR. Conducting accelerometer-based activity assessments
in field-based research. J Am Coll Sports Med. 2005;37(11):S531-S43.

99. An H-S, Kim Y, Lee J-M. Accuracy of inclinometer functions of the activPAL and
ActiGraph GT3X+: A focus on physical activity. Gait Posture. 2017;51:174-80.

100. Sasaki JE, John D, Freedson PS. Validation and comparison of ActiGraph activity
monitors. J Sci Med Sport. 2011;14(5):411-6.

101. Matthews CE, Chen KY, Freedson PS, Pate RR, Schlundt DG, Buchowski MS, Troiano
RP. Amount of time spent in sedentary behaviors in the United States, 2003-2004. Am J of
Epidemio. 2008;167(7):875-81.

102. Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M. Physical
activity in the United States measured by accelerometer. Med Sci Sports Exerc.
2008;40(1):181-8.

103. Dugas LR, Kliethermes S, Plange-Rhule J, Tong L, Bovet P, Forrester TE, et al.
Accelerometer-measured physical activity is not associated with two-year weight change in

African-origin adults from five diverse populations. PeerJ. 2017;5:1-20.

212 |Page



104. Mielke Ggl, da Silva IcCM, Owen N, Hallal PC. Brazilian adults' sedentary behaviors
by life domain: population-based study. PL0oS One. 2014;9(3):1-7.

105. Beale C, Rauff EL, O’brien WJ, Shultz SP, Fink PW, Kruger R. Are all sedentary
behaviors equal? An examination of sedentary behavior and associations with indicators of
disease risk factors in women. Int J Environ Res Public Health. 2020;17(8):1-13.

106. Cook 1. Objectively-measured physical activity patterns and longitudinal weight
category status in a rural setting. BMC Res Notes. 2019;12(624):1-7.

107. Mendham AE, Goedecke JH, Kufe NC, Soboyisi M, Smith A, Westgate K, et al.
Physical Behaviors and Their Association With Adiposity in Men and Women From a Low-
Resourced African Setting. J Phys Act Health. 2022;19(8):548-57.

108. Esliger DW, Copeland JL, Barnes JD, Tremblay MS. Standardizing and optimizing the
use of accelerometer data for free-living physical activity monitoring. J Phys Act Health.
2005;2(3):366-83.

109. Lee I, Shiroma EJ. Using accelerometers to measure physical activity in large-scale
epidemiological studies: issues and challenges. Br J Sports Med. 2014;48:197-201.

110.  Aguilar-Farias N, Brown WJ, Peeters G. ActiGraph GT3X+ cut-points for identifying
sedentary behaviour in older adults in free-living environments. J Sci Med Sport.
2014;17(3):293-9.

111. Kozey-Keadle S, Libertine A, Lyden K, Staudenmayer J, Freedson PS. Validation of
wearable monitors for assessing sedentary behavior. Med Sci Sports Exerc. 2011;43(8):1561-
7.

112. Healy GN, Clark BK, Winkler EA, Gardiner PA, Brown WJ, Matthews CE.
Measurement of adults' sedentary time in population-based studies. Am J Prev Med.

2011;41(2):216-27.

213 |Page



113. Chastin S, Granat MHJG, posture. Methods for objective measure, quantification and
analysis of sedentary behaviour and inactivity. Gait Posture. 2010;31(1):82-6.

114. Bellettiere J, Winkler EA, Chastin SF, Kerr J, Owen N, Dunstan DW, Healy GN.
Associations of sitting accumulation patterns with cardio-metabolic risk biomarkers in
Australian adults. PLoS One. 2017;12(6):1-17.

115. Matthews CE, Chen KY, Freedson PS, Buchowski MS, Beech BM, Pate RR, Troiano
RP. Amount of time spent in sedentary behaviors in the United States, 2003-2004. Am J of
Epidemio. 2008;167(7):875-81.

116. Bakrania K, Edwardson CL, Bodicoat DH, Esliger DW, Gill JM, Kazi A, et al.
Associations of mutually exclusive categories of physical activity and sedentary time with
markers of cardiometabolic health in English adults: a cross-sectional analysis of the Health
Survey for England. BMC Public Health. 2016;16(25):2-10.

117. Madas A, del Pozo-Cruz B, Rodriguez-Gémez 1, Leal-Martin J, Losa-Reyna J,
Rodriguez-Mafias L, et al. Dose-response association between physical activity and sedentary
time categories on ageing biomarkers. BMC Geriatr. 2019;19(270):2-10.

118. Cook I. Objectively-measured step cadence and walking patterns in a rural African
setting: a cross-sectional analysis. BMC Res Notes. 2022;15(155):2-8.

119. Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M. Physical
activity in the United States measured by accelerometer. Med Sci Sports EXxerc.
2008;40(1):181-8.

120. Micklesfield LK, Westgate K, Smith A, Kufe CN, Mendham AE, Lindsay T, et al.
Physical Activity Behaviors of a Middle-Age South African Cohort as Determined by
Integrated Hip and Thigh Accelerometry. Med Sci Sports Exerc. 2022;54(9):1493-505.

121. Kufe CN, Goedecke JH, Masemola M, Chikowore T, Soboyisi M, Smith A, et al.

Physical behaviors and their association with type 2 diabetes mellitus risk markers in urban

214 |Page



South African middle-aged adults: an isotemporal substitutionapproach. BMJ Open Diab Res
Care. 2022;10(4):1-11.

122.  Miller NE, Strath SJ, Swartz AM, Cashin SE. Estimating absolute and relative physical
activity intensity across age via accelerometry in adults. J Aging Phys Act. 2010;18(2):158-70.
123.  World Health Organization: : A Technical package for increasing physical activity;
2018 [cited 2023 25 May]. Available from:

https://www.who.int/publications/i/item/9789241514804.

124. World Health Organization: Atlas of African health statistics 2018: Universal health
coverage and the sustainable development goals in the WHO African Region 2018 [cited 2022

11 Nov]. Available from: https://iris.who.int/bitstream/handle/10665/311460/9789290234135-

eng.pdf.

125. Micklesfield L, Munthali R, Prioreschi A, Said-Mohamed R, van Heerden A, Tollman
S, et al. Understanding the relationship between socio-economic status, physical activity and
sedentary behaviour, and adiposity in young adult south African women using structural
equation modelling. Int J Environ Res Public Health. 2017;14(10):1-12.

126. Cook I, Alberts M, Lambert EV. Influence of cut-points on patterns of accelerometry-
measured free-living physical activity in rural and urban black South African women. J Phys
Act Health. 2012;9(2):300-10.

127. Cook |I. Deriving objectively-measured sedentary indices from free-living
accelerometry data in rural and urban African settings: a cost effective approach. BMC Res
Notes. 2019;12(1):1-7.

128. Malambo P, Kengne AP, Lambert EV, De Villers A, Puoane T. Association between
perceived built environmental attributes and physical activity among adults in South Africa.

BMC Public Health. 2017;17(1):1-16.

215 | Page


https://www.who.int/publications/i/item/9789241514804
https://iris.who.int/bitstream/handle/10665/311460/9789290234135-eng.pdf
https://iris.who.int/bitstream/handle/10665/311460/9789290234135-eng.pdf

129. Ntsie R, de Hoop M, Moodley V, Morran D. Strategy for the Prevention and
Management of Obesity in South Africa: 2023-2028 2023 [cited 2024 25 May]. Available

from: https://www.health.gov.za/wp-content/uploads/2023/04/Cover-pages-Strateqy-for-the-

prevention-and-Man-of-obesity-14-04-2023.pdf.

130. Chandiwana N, Venter WF, Manne-Goehler JM, Wade A, le Roux CW, Mbalati NL,
et al. Obesity is South Africa’s new HIV epidemic. S Afr J Med. 2024;114(3):1-4.
131. World Health Organization: Noncommunicable diseases country profiles 2018 2018

[cited 2023 25 May]. Available from: https://www.who.int/teams/noncommunicable-

diseases/surveillance/data/profiles-ncd.

132. Sugiyama T, Wijndaele K, Koohsari MJ, Tanamas SK, Dunstan DW, Owen N. Adverse
associations of car time with markers of cardio-metabolic risk. Prev Med. 2016;83:26-30.
133. Hu FB, Li TY, Colditz GA, Willett WC, Manson JE. Television watching and other
sedentary behaviors in relation to risk of obesity and type 2 diabetes mellitus in women. JAMA.
2003;289(14):1785-91.

134. Harrington DM, Barreira TV, Staiano AE, Katzmarzyk PT. The descriptive
epidemiology of sitting among US adults, NHANES 2009/2010. J Sci Med Sport.
2014;17(4):371-5.

135. Owen N, Healy GvN, Matthews CE, Dunstan DW. Too much sitting: the population-
health science of sedentary behavior. Exerc Sport Sci Rev. 2010;38(3):105-13.

136. Henson J, Edwardson CL, Morgan B, Horsfield MA, Khunti K, Davies MJ, Yates TJO.
Sedentary Time and MRI-Derived Measures of Adiposity in Active Versus Inactive
Individuals. Obes. 2018;26(1):29-36.

137. Peddie MC, Bone JL, Rehrer NJ, Skeaff CM, Gray AR, Perry TL. Breaking prolonged
sitting reduces postprandial glycemia in healthy, normal-weight adults: a randomized crossover

trial. Am J Clin Nutr. 2013;98(2):358-66.

216 |Page


https://www.health.gov.za/wp-content/uploads/2023/04/Cover-pages-Strategy-for-the-prevention-and-Man-of-obesity-14-04-2023.pdf
https://www.health.gov.za/wp-content/uploads/2023/04/Cover-pages-Strategy-for-the-prevention-and-Man-of-obesity-14-04-2023.pdf
https://www.who.int/teams/noncommunicable-diseases/surveillance/data/profiles-ncd
https://www.who.int/teams/noncommunicable-diseases/surveillance/data/profiles-ncd

138. Altenburg TM, Rotteveel J, Dunstan DW, Salmon J, Chinapaw MJ. The effect of
interrupting prolonged sitting time with short, hourly, moderate-intensity cycling bouts on
cardiometabolic risk factors in healthy, young adults. J Appl Physiol. 2013;115(12):1751-6.
139. Dowd KP, Harrington DM, Bourke AK, Nelson J, Donnelly AE. The measurement of
sedentary patterns and behaviors using the activPAL™ Professional physical activity monitor.
Physiol Meas. 2012;33(11):1887-9.

140. Husu P, Suni J, Tokola K, Vaha-Ypya H, Valkeinen H, Méaki-Opas T, et al. Frequent
sit-to-stand transitions and several short standing periods measured by hip-worn accelerometer
are associated with smaller waist circumference among adults. J Sports Sci. 2019;37(16):1840-
8.

141. Jakicic JM, Otto AD. Physical activity considerations for the treatment and prevention
of obesity—. Am J Clin Nutr. 2005;82(1):226-9.

142. Liguori G, Feito Yuri, Fountain Charles, Roy Brad. ACSM's guidelines for exercise
testing and prescription: Wolters Kluwer; 2022.

143. Granata C, Jamnick NA, Bishop DJ. Principles of exercise prescription, and how they
influence exercise-induced changes of transcription factors and other regulators of
mitochondrial biogenesis. Sports Med. 2018;48(7):1541-59.

144. Norton K, Norton L, Sadgrove D. Position statement on physical activity and exercise
intensity terminology. J Sci Med Sport. 2010;13(5):496-502.

145.  Trapp E, Chisholm D, Freund J, Boutcher S. The effects of high-intensity intermittent
exercise training on fat loss and fasting insulin levels of young women. International journal
of obesity. 2008;32(4):684-91.

146. Lunt H, Draper N, Marshall HC, Logan FJ, Hamlin MJ, Shearman JP, et al. High

intensity interval training in a real world setting: a randomized controlled feasibility study in

217 |Page



overweight inactive adults, measuring change in maximal oxygen uptake. PLoS One.
2014;9(1):1-11.

147. Arslan E, Can S, Demirkan E. Effect of short-term aerobic and combined training
program on body composition, lipids profile and psychological health in premenopausal
women. Sci Sports. 2017;32(2):106-13.

148. Mendham AE, Duffield R, Marino F, Coutts AJ. A 12-week sports-based exercise
programme for inactive Indigenous Australian men improved clinical risk factors associated
with type 2 diabetes mellitus. J Sci Med Sport. 2014(1052):1-6.

149. Dobrosielski DA, Gibbs BB, Chaudhari S, Ouyang P, Silber HA, Stewart KJ. Effect of
exercise on abdominal fat loss in men and women with and without type 2 diabetes. BMJ Open.
2013;3(11):1-7.

150. Delextrat AA, Warner S, Graham S, Neupert E. An 8-week exercise intervention based
on Zumba improves aerobic fitness and psychological well-being in healthy women. J Phys
Act Health. 2016;13(2):131-9.

151. Peterman JE, Harber MP, Imboden MT, Whaley MH, Fleenor BS, Myers J, et al.
Accuracy of exercise-based equations for estimating cardiorespiratory fitness. Med Sci Sports
Exerc. 2021;53(1):1-8.

152.  Eriksen L, Gregnbaek M, Helge J, Tolstrup J. Cardiorespiratory fitness in 16 025 adults
aged 18-91 years and associations with physical activity and sitting time. Scand J Med Sci
Sports. 2016;26(12):1435-43.

153. Knaeps S, Lefevre J, Wijtzes A, Charlier R, Mertens E, Bourgois JG. Independent
associations between sedentary time, moderate-to-vigorous physical activity, cardiorespiratory

fitness and cardio-metabolic health: a cross-sectional study. PLoS One. 2016;11(7):1-13.

218 |Page



154. Imboden MT, Harber MP, Whaley MH, Finch WH, Bishop DL, Kaminsky LA.
Cardiorespiratory fitness and mortality in healthy men and women. J Am Coll Cardiol.
2018;72(19):2283-92.

155. Robsahm TE, Falk RS, Heir T, Sandvik L, Vos L, Erikssen JE, Tretli S. Measured
cardiorespiratory fitness and self-reported physical activity: associations with cancer risk and
death in a long-term prospective cohort study. Cancer Med. 2016;5(8):2136-44.

156. Mathunjwa M, Semple S, du Preez C. A 10-week aerobic exercise program reduced
cardiometabolic disease risk in overweight/obese female African University students. Br J of
Sport Med. 2013;23(17):143-8.

157. Thompson WR, Sallis R, Joy E, Jaworski CA, Stuhr RM, Trilk JL. Exercise is medicine.
Am J Lifestyle Med. 2020;14(5):511-23.

158. Lobelo F, Stoutenberg M, Hutber A. The exercise is medicine global health initiative:
a 2014 update. Br J Sports Med. 2014;48(22):1627-33.

159. Barwais FA, Cuddihy TF, Tomson LM. Physical activity, sedentary behavior and total
wellness changes among sedentary adults: a 4-week randomized controlled trial. Health and
quality of life outcomes. 2013;11(1):1-8.

160. Hollowell RP, Willis LH, Slentz CA, Topping JD, Bhakpar M, Kraus WE. Effects of
Exercise Training Amount on Physical Activity Energy Expenditure. Med Sci in Sports Exerc.
2009;41(8):1640-5.

161. Rangan VV, Willis LH, Slentz CA, Bateman LA, Shields AT, Houmard JA, Kraus WE.
Effects of an 8-month exercise training program on off-exercise physical activity. Med Sci
Sports Exerc. 2011;43(9):1744-51.

162. Makamu-Beteck SJ, Moss SJ, Watson FG, Cameron M. Exercise Intervention Changes
the Perceptions and Knowledge of Non-Communicable Disease Risk Factors among Women

from a Low-Resourced Setting. Int J of Environ Res Public Health. 2022;19(6):1-16.

219 | Page



163. Swanepoel M, De Ridder JH, Wilders CJ, Van Rooyen J, Strydom GL, Ellis S. The
effects of a 12-week resistance training programme on the body composition and resting
metabolic rate in a cohort of caucasian and coloured, premenopausal women aged 25-35 years.
Afr J Phys Health Educ Recreat Dance. 2013;19(41):759-69.

164. Evans R, Hume D, Noorbhai M, Rauch H, van der Schyff N, Lambert E. A 12-week
primary prevention programme and its effect on health outcomes (the Sweet Hearts biokinetics
pilot study). S Afr J Sports Med. 2017;29(1):1-7.

165. Zhang H, Tong TK, Qiu W, Zhang X, Zhou S, Liu Y, He Y. Comparable effects of
high-intensity interval training and prolonged continuous exercise training on abdominal
visceral fat reduction in obese young women. Journal of diabetes research.
2017;2017(1):5071740.

166. Thum JS, Parsons G, Whittle T, Astorino TA. High-intensity interval training elicits
higher enjoyment than moderate intensity continuous exercise. PL0oS One. 2017;12(1):1-11.
167. Mathunjwa M, Shaw |, Moran J, Sandercock GR, Brown GA, Shaw BS.
Implementation of a Community-Based Mind-Body (Tae-Bo) Physical Activity Programme
on Health-Related Physical Fitness in Rural Black Overweight and Obese Women with
Manifest Risk Factors for Multimorbidity. Int J Environ Res Public Health. 2023;20(6463):1-
17.

168. Koster A, Caserotti P, Patel KV, Matthews CE, Berrigan D, Van Domelen DR, et al.
Association of sedentary time with mortality independent of moderate to vigorous physical
activity. PLoS One. 2012;7(6):1-7.

169. Kozey-Keadle S, Staudenmayer J, Libertine A, Mavilia M, Lyden K, Braun B,
Freedson P. Changes in sedentary time and physical activity in response to an exercise training

and/or lifestyle intervention. Journal of Physical Activity and Health. 2014;11(7):1324-33.

220| Page



170. Turner JE, Markovitch D, Betts JA, Thompson D. Nonprescribed physical activity
energy expenditure is maintained with structured exercise and implicates a compensatory
increase in energy intake. Am J Clin Nutr. 2010;92(5):1009-16.

171. Andersen E, Burton NW, Anderssen SA. Physical activity levels six months after a
randomised controlled physical activity intervention for Pakistani immigrant men living in
Norway. Int J Behav Nutr Phys Act. 2012;9(47):2-10.

172. Helgadottir B, Owen N, Dunstan DW, Ekblom O, Hallgren M, Forsell Y. Changes in
physical activity and sedentary behavior associated with an exercise intervention in depressed
adults. Psychol Sport Exerc. 2017;30:10-8.

173. Siddique J, De Chavez PJ, Craft LL, Freedson P, Spring B. The effect of changes in
physical activity on sedentary behavior: results from a randomized lifestyle intervention trial.
Am J Health Promot. 2017;31(4):287-95.

174. Barwais FA, Cuddihy TF, Tomson LM. Physical activity, sedentary behavior and total
wellness changes among sedentary adults: a 4-week randomized controlled trial. Health Qual
Life Outcomes. 2013;11(1):1-8.

175.  Turner JE, Markovitch D, Betts JA, Thompson D. Nonprescribed physical activity
energy expenditure is maintained with structured exercise and implicates a compensatory
increase in energy intake. The American journal of clinical nutrition. 2010;92(5):1009-16.
176. Abotalebi P, Badami R. Providing the training aerobic model based on self
determination theory on instrinsic motivation, persistance and body image on obese women.
2016;2(3):31-40.

177. Ouyang Y, Wang K, Zhang T, Peng L, Song G, Luo J. The influence of sports
participation on body image, self-efficacy, and self-esteem in college students. Front Psychol.

2020;10:30309.

221 |Page



178. Draper CE, Davidowitz KJ, Goedecke JH. Perceptions relating to body size, weight
loss and weight-loss interventions in black South African women: a qualitative study. Public
health nutrition. 2015:1-9.

179. Baruth M, Sharpe PA, Magwood G, Wilcox S, Schlaff RA. Body Size Perceptions
among Overweight and Obese African American Women. Ethn Dis. 2015;25(4):391-8.

180. Ard JD, Greene LF, Malpede CZ, Jefferson WK. Association between body image
disparity and culturally specific factors that affect weight in Black and White women. Ethn
Dis. 2007;17:34-9.

181. Manafe M, Chelule PK, Madiba S. The perception of overweight and obesity among
South African adults: Implications for Intervention strategies. Int J Environ Res Public Health.
2022;19(19):1-10.

182. Puoane T, Fourie JM, Shapiro M, Rosling L, Tshaka NC, Oelofse A. 'Big is beautiful’
- an exploration of urban black women in a South African township. South Afr J Clin Nutr.
2005;18(1):6-15.

183. Puoane T, Tsolekile L, Steyn N. Perceptions about body image and sizes among black
African girls living in Cape Town. Ethn Dis. 2010;20:29-34.

184. Matoti-Mvalo T, Puoane T. Perceptions of body size and its association with
HIV/AIDS. S Afr J Clin Nutr. 2011;24(1):40-5.

185. Puoane T, Fourie J, Shapiro M, Rosling L, Tshaka N, Oelefse A. 'Big is beautiful'-an
exploration with urban black community health workers in a South African township. South
Afr J Clin Nutr. 2005;18(1):6-15.

186. Prioreschi A, Wrottesley SV, Cohen E, Reddy A, Said-Mohamed R, Twine R, et al.
Examining the relationships between body image, eating attitudes, BMI, and physical activity
in rural and urban South African young adult females using structural equation modeling. PL0S

One. 2017;12(11):1-16.

222 |Page



187. Mchiza ZJ, Goedecke JH, Lambert EV. Intra-familial and ethnic effects on attitudinal
and perceptual body image: a cohort of South African mother-daughter dyads. BMC Public
Health. 2011;11(1):1-8.

188. Stunkard AJ, Sorensen T, Schulsinger F. In: Ketty SS, Rowland LP, Sidman SW,
Mathysee SW, editors. Use of the Danish Adoption Register for the study of obesity and
thinness. New York: Raven Press; 1983.

189. Mchiza Z, Goedecke JH, Steyn NP, Charlton K, Puoane T, Meltzer S, et al.
Development and validation of instruments measuring body image and body weight
dissatisfaction in South African mothers and their daughters. Public Health Nutr.
2005;8(5):509-19.

190. Gradidge PJ, Norris SA, Micklesfield LK, Crowther NJ. The Role of Lifestyle and
Psycho-Social Factors in Predicting Changes in Body Composition in Black South African
Women. PLoS One. 2015;10(7):1-14.

191.  Vurgun N. Effects of regular aerobic exercise on physical characteristics, body image
satisfaction and self-efficacy of middle-aged women. S Afr J Res Sport Phys Educ Recreat.
2015;37(1):151-63.

192. Zarshenas S, Houshvar P, Tahmasebi A. The effect of short-term aerobic exercise on
depression and body image in Iranian women. Depress Res Treat. 2013;2013:1-6.

193. Henry RN, Anshel MH, Michael T. Effects of aerobic and circuit training on fitness
and body image among women. J Sport Behav. 2006;29(4):281.

194. Armstrong N, Tomkinson G, Ekelund U. Aerobic fitness and its relationship to sport,
exercise training and habitual physical activity during youth. Br J Sports Med.
2011;45(11):849-58.

195. Lloyd-Evans S. Focus groups. Doing development research. 2006:153-62.

223 |Page



196. D'Alonzo KT, Stevenson JS, Davis SE. Outcomes of a program to enhance exercise
self-efficacy and improve fitness in Black and Hispanic college-age women. Res Nurs Health.
2004;27(5):357-609.

197. LeCheminant J, Hinman T, Pratt K, Earl N, Bailey B, Thackeray R, Tucker L. Effect
of resistance training on body composition, self-efficacy, depression, and activity in
postpartum women. Scand J Med Sci Sports. 2014;24(2):414-21.

198. Baruth M, Sharpe PA, Parra-Medina D, Wilcox S. Perceived Barriers to Exercise and
Healthy Eating Among Women from Disadvantaged Neighborhoods: Results from a Focus
Groups Assessment. Women Health. 2014;54(4):336-53.

199. Withall J, Jago R, Fox KR. Why some do but most don't. Barriers and enablers to
engaging low-income groups in physical activity programmes: a mixed methods study. BMC
Public Health. 2011;11(507):2-13.

200. Guess N. A qualitative investigation of attitudes towards aerobic and resistance exercise
amongst overweight and obese individuals. BMC Res Notes. 2012;5(191):2-12.

201. Peeters C, Marchand H, Tulloch H, Sigal RJ, Goldfield GS, Hadjiyannakis S, Kenny
GP. Perceived facilitators, barriers, and changes in a randomized exercise trial for obese youth:
a qualitative inquiry. J Phys Act Health. 2012;9(5):650-60.

202. Heinrich KM, Patel PM, O'Neal JL, Heinrich BS. High-intensity compared to
moderate-intensity training for exercise initiation, enjoyment, adherence, and intentions: an
intervention study. BMC Public Health. 2014;14:1-6.

203. Egli T, Bland HW, Melton BF, Czech DR. Influence of age, sex, and race on college
students’ exercise motivation of physical activity. J Am Coll Health. 2011;59(5):399-406.
204. McLachlan S, Hagger MS. Do people differentiate between intrinsic and extrinsic goals

for physical activity?. J Sport Exerc Psychol. 2011;33(2):273-88.

224 | Page



205. Sweet SN, Fortier MS, Strachan SM, Blanchard CM. Testing and integrating self-
determination theory and self-efficacy theory in a physical activity context. Can Psychol.
2012;53(4):319-27.

206. Silva MN, Vieira PN, Coutinho SR, Minderico CS, Matos MG, Sardinha LB, Teixeira
PJ. Using self-determination theory to promote physical activity and weight control: a
randomized controlled trial in women. J Behav Med. 2010;33(2):110-22.

207. Gagné M, Deci EL. Self-determination theory and work motivation. J Organ Behav.
2005;26(4):331-62.

208. Yoon S, Buckworth J, Focht B, Ko B. Feelings of energy, exercise-related self-efficacy,
and voluntary exercise participation. J Sport Exerc Psychol. 2013;35(6):612-24.

209. Hennein R, Nanziri LM, Musinguzi J, Ggita JM, Turimumahoro P, Ochom E, et al.
Cultural Adaptation and Validation of the General Self-Efficacy Scale in Ugandan Community
Health Workers. Glob Implement Res Appl. 2022;2(4):371-83.

210. Bandura A. Health promotion by social cognitive means. Health Educ Behav.
2004;31(2):143-64.

211. OQyibo K, Adaji I, Vassileva J. Social cognitive determinants of exercise behavior in the
context of behavior modeling: a mixed method approach. Digit Health. 2018;4:1-19.

212.  Shrestha B, Dunn L. The declaration of Helsinki on medical research involving human
subjects: a review of seventh revision. J Nepal Health Res Counc. 2019;17(45):548-52.

213.  Municipality WCG. Socio-economic Profile Overberg District Municipality 2015

[cited 2023 15 Nov]. 1-31]. Available from: www.westerncape.gov.za.

214. Goedecke JH, Mendham AE, Clamp L, Nankam PAN, Fortuin-de Smidt MC, Phiri L,
et al. An Exercise Intervention to Unravel the Mechanisms Underlying Insulin Resistance in a
Cohort of Black South African Women: Protocol for a Randomized Controlled Trial and

Baseline Characteristics of Participants. JMIR Res Protoc. 2018;7(4):1-19.

225 | Page


file:///C:/Users/u24392007/Downloads/www.westerncape.gov.za

215. Statistics SA. Census 2022 Statistical Release P0301.4 2022 [cited 2023 15 Nov].
Available from:

https://census.statssa.qov.za/assets/documents/2022/P03014 Census 2022 Statistical Releas

e.pdf.

216. Nordby P, Auerbach PL, Rosenkilde M, Kristiansen L, Thomasen JR, Rygaard L, et al.
Endurance training per se increases metabolic health in young, moderately overweight men.
Obesity. 2012;20(11):2202-12.

217. Ortega JF, Hamouti N, Fernandez-Elias VE, Mora-Rodriguez R. Comparison of
glucose tolerance tests to detect the insulin sensitizing effects of a bout of continuous exercise.
Appl Physiol Nutr Metab. 2014;39(7):787-92.

218. Cooper D, Marks AS. Community-based distribution of contraception: a pilot project
in Khayelitsha, Cape Town. Urban Health Newsl. 1996(30):49-55.

219. Camhi SM, Bray GA, Bouchard C, Greenway FL, Johnson WD, Newton RL, et al. The
relationship of waist circumference and BMI to visceral, subcutaneous, and total body fat: sex
and race differences. Epidemiol. 2011;19(2):402-8.

220. American Diabetes Association Executive Summary: Standards of medical care in
diabetes 2012. Diabetes Care. 2012;13(35):4-10.

221. Schwarzer R, Jerusalem M. Generalized self-efficacy scale. Measures in health
psychology: A user’s portfolio Causal and control beliefs. 1995;1(1):35-7.

222. Coates J, Swindale A, Bilinsky P. Household Food Insecurity Access Scale (HFIAS)
for measurement of food access: indicator guide: Version 3. 2007.

223. Altman M, Hart T, Jacobs P. Food security in South Africa. 2015.

224. Shisana O, Labadarios D, Rehle T, Simbayi L, Zuma K, Dhansay A, et al. The South
African National Health and Nutrition Examination Survey, 2012: SANHANES-1: the health

and nutritional status of the nation2014.

226 |Page


https://census.statssa.gov.za/assets/documents/2022/P03014_Census_2022_Statistical_Release.pdf
https://census.statssa.gov.za/assets/documents/2022/P03014_Census_2022_Statistical_Release.pdf

225. Micklesfield L, Reid S, Bewerunge L, Rush E, Goedecke J. A proposed method to
measure body composition in obese individuals using dual-energy X-ray absorptiometry. Int J
Body Compos Res. 2007;5(4):147-51.

226. Micklesfield LK, Evans J, Norris SA, Lambert EV, Jennings C, Joffe Y, et al. Dual-
energy X-ray Absorptiometry and Anthropometric Estimates of Visceral Fat in Black and
White South African Women. Obesity. 2010;18(3):619-24.

227. Micklesfield LK, Goedecke JH, Punyanitya M, Wilson KE, Kelly TL. Dual-Energy X-
Ray Performs as Well as Clinical Computed Tomography for the Measurement of Visceral Fat.
Obesity. 2012;20(5):1109-14.

228. Mclnnis K, Balady G. Comparison of submaximal exercise responses using the Bruce
vs modified Bruce protocols. Med Sci Sport Exerc. 1994;26(1):103-7.

229. Takagi S, Sakamoto S, Midorikawa T, Konishi M, Katsumura T. Determination of the
exercise intensity that elicits maximal fat oxidation in short-time testing. J Sports Sci.
2014;32(2):175-82.

230. Barwais FA, Cuddihy TF, Rachele JN, Washington TL. ActiGraph GT3X determined
variations in-free-living-standing, lying, and sitting duration among sedentary adults. J Sport
Health Sci. 2013;2(4):249-56.

231. Bailey DP, Locke CD. Breaking up prolonged sitting with light-intensity walking
improves postprandial glycemia, but breaking up sitting with standing does not. J Sci Med
Sport. 2015;18(3):294-8.

232. Busse M, Van Deursen R, Wiles CM. Real-life step and activity measurement:
reliability and validity. J Med Eng Technol. 2009;33(1):33-41.

233. Dahlgren G, Carlsson D, Moorhead A, Héager-Ross C, McDonough SM. Test-—retest
reliability of step counts with the ActivPAL™ device in common daily activities. Gait Posture.

2010;32(3):386-90.

227 |Page



234. Harrington DM, Welk GJ, Donnelly AE. Validation of MET estimates and step
measurement using the ActivPAL physical activity logger. J Sports Sci. 2011;29(6):627-33.
235. Byrom B, Stratton G, Mc Carthy M, Muehlhausen W. Objective measurement of
sedentary behaviour using accelerometers. Int J Obes. 2016;40(11):1809-12.

236. Borg G. Borg's perceived exertion and pain scales: Human kinetics; 1998. 29-38 p.
237. Vasileiou K, Barnett J, Thorpe S, Young T. Characterising and justifying sample size
sufficiency in interview-based studies: systematic analysis of qualitative health research over
a 15-year period. BMC Med Res Methodol. 2018;18(148):2-18.

238. DiCicco-Bloom B, Crabtree BF. The qualitative research interview. Med Educ.
2006;40(4):314-21.

239. Given LM. The Sage encyclopedia of qualitative research methods: Sage publications;
2008.

240.  Wilkinson S. Focus groups in health research: Exploring the meanings of health and
illness. J Health Psychol. 1998;3(3):329-48.

241. Goedecke JH, Micklesfield LK. The effect of exercise on obesity, body fat distribution
and risk for type 2 diabetes. Diabet Phys Act. 2014;60:82-93.

242. Misra A, Khurana L. Obesity and the metabolic syndrome in developing countries. J
Clin Endocrinol Metabo. 2008;93(11):9-30.

243. Ford ES, Schulze MB, Kroeger J, Pischon T, Bergmann MM, Boeing H. Television
watching and incident diabetes: Findings from the European Prospective Investigation into
Cancer and Nutrition—Potsdam Study*. J Diabetes. 2010;2(1):23-7.

244. Ford ES, Kohl HW, Mokdad AH, Ajani UA. Sedentary behavior, physical activity, and

the metabolic syndrome among US adults. Obes Res. 2005;13(3):608-14.

228 |Page



245. Bankoski A, Harris TB, McClain JJ, Brychta RJ, Caserotti P, Chen KY, et al. Sedentary
activity associated with metabolic syndrome independent of physical activity. Diabetes Care.
2011;34(2):497-503.

246. Gardiner PA, Healy GN, Eakin EG, Clark BK, Dunstan DW, Shaw JE, et al.
Associations between television viewing time and overall sitting time with the metabolic
syndrome in older men and women: the Australian diabetes obesity and lifestyle study. J Am
Geriatr Soc. 2011;59(5):788-96.

247. Healy GN, Dunstan DW, Salmon J, Cerin E, Shaw JE, Zimmet PZ, Owen N. Breaks in
sedentary time beneficial associations with metabolic risk. Diabetes Care. 2008;31(4):661-6.
248. Wanigatunga AA, Tudor-Locke C, Axtell RS, Glynn NW, King AC, McDermott MM,
et al. Effects of a Long-Term Physical Activity Program on Activity Patterns in Older Adults.
Med Sci Sports Exerc. 2017;49(11):2167-75.

249. Berglund 1J, Sgras SE, Relling BE, Lundgren KM, Kiel 1A, Moholdt T. The relationship
between maximum heart rate in a cardiorespiratory fitness test and in a maximum heart rate
test. J Sci Med Sport. 2019;22(5):607-10.

250. Fox Il SM, Naughton JP. Physical activity and the prevention of coronary heart
disease. Prevent Med. 1972;1(1-2):92-120.

251. Tudor-Locke C, Leonardi C, Johnson WD, Katzmarzyk PT, Church TS. Accelerometer
steps/day translation of moderate-to-vigorous activity. Prev Med. 2011;53(1):31-3.

252. Chau JY, Grunseit A, Midthjell K, Holmen J, Holmen TL, Bauman AE, Van der Ploeg
HP. Sedentary behaviour and risk of mortality from all-causes and cardiometabolic diseases in
adults: evidence from the HUNT3 population cohort. Br J Sports Med. 2013:1-7.

253. Diaz KM, Howard VJ, Hutto B, Colabianchi N, Vena JE, Safford MM, et al. Patterns
of sedentary behavior and mortality in US middle-aged and older adults: a national cohort

study. Ann Int Med. 2017;167(7):465-75.

229 |Page



254.  Chiu C-H, Ko M-C, Wu L-S, Yeh D-P, Kan N-W, Lee P-F, et al. Benefits of different
intensity of aerobic exercise in modulating body composition among obese young adults: a
pilot randomized controlled trial. Health Qaul Life Outcomes. 2017;15(1):1-9.

255.  KimJ-W, Ko Y-C, Seo T-B, Kim Y-P. Effect of circuit training on body composition,
physical fitness, and metabolic syndrome risk factors in obese female college students. J Exerc
Rehabil. 2018;14(3):460-5.

256. Zhang H, Tong TK, Qiu W, Zhang X, Zhou S, Liu Y, He Y. Comparable effects of
high-intensity interval training and prolonged continuous exercise training on abdominal
visceral fat reduction in obese young women. J Diabetes Res. 2017;2017:2-9.

257. Bailey BW, Borup P, LeCheminant JD, Tucker LA, Bromley J. Examining the
relationship between physical activity intensity and adiposity in young women. J Phys Act
Health. 2015;12(6):764-9.

258. ZengJ, Peng L, Zhao Q, Chen Q. Effects over 12 weeks of different types and durations
of exercise intervention on body composition of young women with obesity. Sci and Sports.
2021;36(1):45-52.

259. Hernandez-Reyes A, Camara-Martos F, Molina-Luque R, Romero-Saldafia M, Molina-
Recio G, Moreno-Rojas R. Changes in body composition with a hypocaloric diet combined
with sedentary, moderate and high-intense physical activity: a randomized controlled trial.
BMC Womens Health. 2019;19:1-12.

260. Motala AA, Esterhuizen T, Pirie FJ, Omar MA. The prevalence of metabolic syndrome
and determination of the optimal waist circumference cutoff points in a rural South African
community. Diabetes Care. 2011;34(4):1032-7.

261. Peer N, Lombard C, Steyn K, Levitt N. High prevalence of metabolic syndrome in the
Black population of Cape Town: the Cardiovascular Risk in Black South Africans (CRIBSA)

study. Eur J Prev Cardiol. 2015;22(8):1036-42.

230 | Page



262. Ouyang Y, Wang K, Zhang T, Peng L, Song G, Luo J. The influence of sports
participation on body image, self-efficacy, and self-esteem in college students. Front Psychol.
2020;10(3039):1-10.

263. Ashton RE, Tew GA, Aning JJ, Gilbert SE, Lewis L, Saxton JM. Effects of short-term,
medium-term and long-term resistance exercise training on cardiometabolic health outcomes
in adults: systematic review with meta-analysis. Br J Sports Med. 2020;54(6):341-8.

264. Phaswana-Mafuya N, Peltzer K, Chirinda W, Musekiwa A, Kose ZJGha.
Sociodemographic predictors of multiple non-communicable disease risk factors among older
adults in South Africa. Glob Health Action. 2013;6(20680):1-8.

265. Ma Y. The Relationship Between Social Sites Upward Social Comparison and Social
Anxiety of University Students: The Serial Mediation of Body Image and Self-efficacy.
Harbin: Harbin Normal University. 2019;55:63.

266. Ramgolam Y. Prevalence of overweight and obesity and body image perception
amongst black South African female nurses practicing in Durban, KwaZulu-Natal, South
Africa. Durban, South Africa: University of KwaZulu-Natal; 2018.

267. Gitau TM, Micklesfield LK, Pettifor JM, Norris SA. Changes in eating attitudes, body
esteem and weight control behaviours during adolescence in a South African cohort. PL0oS
One. 2014;9(10):1-10.

268. Gitau TM, Micklesfield LK, Pettifor JM, Norris SA. Ethnic differences in eating
attitudes, body image and self-esteem among adolescent females living in urban South Africa.
Afri J Psychiatry. 2014;17:468-74.

269. Lee I-M, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT. Effect of physical
inactivity on major non-communicable diseases worldwide: an analysis of burden of disease

and life expectancy. Lancet. 2012;380:219-29.

231 |Page



270. Vasileiou K, Barnett J, Thorpe S, Young T. Characterising and justifying sample size
sufficiency in interview-based studies: systematic analysis of qualitative health research over
a 15-year period. BMC Medical Research Methodology. 2018;18(1):148.

271. van Rijnsoever FJ. (I Can’t Get No) Saturation: A simulation and guidelines for sample
sizes in qualitative research. PLoS One. 2017;12(7):1-17.

272. Vaismoradi M, Snelgrove S. Theme in Qualitative Content Analysis and Thematic
Analysis. Forum Qualitative Sozialforschung / Forum: Qualitative Social Research.
2019;20(3).

273. Patel MS, Asch DA, Rosin R, Small DS, Bellamy SL, Heuer J, et al. Framing financial
incentives to increase physical activity among overweight and obese adults: a randomized,
controlled trial. Ann Intern Med. 2016;164(6):385-94.

274.  Faghri P, Simon J, Huedo-Medina T, Gorin AJJoo, medicine e. Perceived self-efficacy
and financial incentives: factors affecting health behaviors and weight loss in a workplace
weight loss intervention. J Occup Environ Med. 2017;59(5):453-60.

275. Pettifor A, MacPhail C, Selin A, Gémez-Olivé FX, Rosenberg M, Wagner RG, et al.
HPTN 068: a randomized control trial of a conditional cash transfer to reduce HIV infection in
young women in South Africa—study design and baseline results. AIDS Behav. 2016;20:1863-
82.

276. Smit W, de Lannoy A, Dover RV, Lambert EV, Levitt N, Watson V. Making unhealthy
places: The built environment and non-communicable diseases in Khayelitsha, Cape Town.
Health Place. 2016;39:196-203.

277. Mendham AE, Goedecke JH, Fortuin-de Smidt MC, Phiri L, Clamp L, Swart J, et al.
Improved Sleep Quality and Depressive Symptoms With Exercise Training in Obese Women
From a Low Socioeconomic Community: A Randomized Controlled Trial. J Phys Act Health.

2021;18(4):1-10.

232 |Page



278.  Fortuin-de Smidt MC, Mendham AE, Hauksson J, Hakim O, Stefanovski D, Clamp L,
et al. Effect of exercise training on insulin sensitivity, hyperinsulinemia and ectopic fat in black
South African women: A randomized controlled trial. Eur J Endocrinol. 2020;183(1):51-61.
279.  Annesi JJ, Unruh JL, Marti NC, Gorjala S, Tennant GJRqfe, sport. Effects of the coach
approach intervention on adherence to exercise in obese women: assessing mediation of social
cognitive theory factors. Rees Q Exerc Sport. 2011;82(1):99-108.

280. Cleo G, Hersch J, Thomas R. Participant experiences of two successful habit-based
weight-loss interventions in Australia: a qualitative study. BMJ Open. 2018;8(5):1-9.

281. Foster C, Farland CV, Guidotti F, Harbin M, Roberts B, Schuette J, et al. The effects
of high intensity interval training vs steady state training on aerobic and anaerobic capacity. J
Sports Sci Med. 2015;14(4):747-55.

282. Dunstan DW, Kingwell BA, Larsen R, Healy GN, Cerin E, Hamilton MT, et al.
Breaking up prolonged sitting reduces postprandial glucose and insulin responses. Diabetes
Care. 2012;35(5):976-83.

283. Swindell N, Rees P, Fogelholm M, Drummen M, MacDonald I, Martinez JA, et al.
Compositional analysis of the associations between 24-h movement behaviours and cardio-
metabolic risk factors in overweight and obese adults with pre-diabetes from the PREVIEW
study: cross-sectional baseline analysis. 2020;17(1):1-12.

284. Christiansen T, Paulsen SK, Bruun JM, Pedersen SB, Richelsen B. Exercise training
versus diet-induced weight-loss on metabolic risk factors and inflammatory markers in obese
subjects: a 12-week randomized intervention study. Am J Physiol Endocrinol Metab.

2010;298(4):E824-E31.

233 | Page



APPENDICES

234 |Page



APPENDIX A: ORIGINAL ETHICS APPROVAL LETTER

' E UNIVERSITY OF CAPE TOWN
Faculty of Health Sciences
Human Research Ethics Committee

Room E52-24 Old Main Building

Groote Schuur Hospital

Observatory 7925

Telephone [021] 406 6338 « Facsimile [021] 406 6411
Email: shuretta thomas@uct.ac.za

11 June 2015
HREC REF: 054/2015

A/Prof ] Goedecke
Sport Science Institute
Dear A/Prof Goedecke

PROJECT TITLE: MECHANISMS UNDERLYING INSULIN RESISTANCE IN BLACK SA WOMEN:
LESSONS FROM AN INTERVENTION STUDY

Thank you for your response to the Faculty of Health Sciences Human Research Ethics Committee
dated 11 June 2015.

The HREC has noted and approved the protocol amendment including the following documentation:
« Informed Consent, Amendment Version 1 dated 5 May 2015.

Please note that the ongoing ethical conduct of the study remains the respensibility of the principal
investigator,

Please quote the HREC REF in all your correspondence.
Yours sincerely

| Signed by candidate |

PROFESSOR MARC BLOCKMAN
CHAIRPERSON, FHS HUMAN RESEARCH ETHICS

235 | Page



APPENDIX B: ETHICS APPROVAL FOR THE CURRENT STUDY

E UNIVERSITY OF CAPE TOWN FACULTY OF HEALTH SCIENCES @
wh ks AR IE S WA K AT Human Research Ethics Commitice

FHS016: Annual Progress Report / Renewal

HREC office use only (FWA00001637; IRE00001938)
_?éfves as notification of annual approval, Inr.ludlng any documentation described below.
Approved Annual progress report | Approved untilnext renewal date h«j’ i1. ?(‘JE’S

| O Mot approved See atftached commenlis
& |
Signature Chairperson of the HREC/ | Signed by candidate
Dasignes |'

j T/"ﬁ/ﬁ:{ Y

Data Signed

Mote: Please email this form and supporting documents {If applicable) in a combined pdi-file to
hrec-enqguiries

Please use the latest farm found on cur website: http:, _health,uct re umanethicsifo

Comments to Pl fram the HREC 7

Tl sm v e Lpungfur Aot N

Principal Investigator to complete the following:

1. Protocol information
|

Dalte
| (when submiting this form) | ' November 2024
HHEG KEF Numbear Current Ethics Approval was granled unlil | 3nma/2024
048/2016 _ 5 . R

The effect of a 12-week exercise training intervention on physical
behaviour patterns and perceptions of body image in Black South

i g African women living with overweight and obesity
/
Prolocol number
(if asplicable) NoapRicabie
Are there any sub-studies inked to ths study? ' ' No

If yes, could you please provide the HREC Reference
number for all sub-studies? Note: A separate FHS016
must be submitted for each sub-study.

13 June 2024 Pags 1af 7 HUMAN RESEARCHShe
ETHICS COMMITTEE

13 HOV 3024

HEALTH SCIEMCES FACULTY
UMVERSITY OF CAPE TOWN

236 |Page



UNIVERSITY OF CAPE TOWN

PN T YASERAPA  uNIVERSITINT VAR S AAPATAS

FACULTY OF HEALTH SCIENCES
Human Research Ethics Committee

Principal Investigator

Professor Julia Goedecke and Dr Amy Mendham

Division of Physiological Sciences; Department of Human Biology

Department and email
address Ayesha.hendricks@uct.ac.za
1.1 Does this protocol receive US Federal funding? 0O Yes X No
1.2 If the study receives US Federal Funding, does the annual report
require full committee approval?
No
Note: Any annual approvals for Full Committee review MUST be O Yes (Not
submitted on the monthly HREC submission dates, applicable)
(Please send electronic combined copy if for full committee review to
hrec-submission@uct.ac.za)
If yes in 1.2 please complete section 1.3 below for invoicing purposes
1.3 Ethics Renewal Fee
Please (tick v")appropriate box for billing purposes:
Submission Type Description r MM tick &
Research funded solely
mﬁmw Annual evaluation of research progress report for RO0,00 v
re-certification %
budget/seif-initiated
research
Non-sponsored student
research for Annual evaluation of research progress report for R0,00 (m}
purposes at UCT/Other re-certification
Universities & Colleges
Clinical Trial & International Grant Funded
Annual re-certification /
Research - Annual evaluation of research progress m]
EIOMERE oyl (FHSO16 | ront for re-certification for Full Committee R7700,00
Approval
Annual re-certification/ | Chinical Trial & International Grant Funded
Progress report (FHS016 | Research - Annual evaluation of research progress R3800.00 m]
Form) report for re-certification for Expedited review
Annual re-certification/ | National grant funded research - Annual evaluation
Progress report (FHS016 | of research progress report for re-certification for R5000.00 0
Form) Full Committee Approval
Annual re-certification / | Natlonal Grant funded research for Annual
Progress report (FHS016 | evaluation of research progress report for re- R1650,00 [m]
Form) | certification for Expedited review ) S
NB: Protocols funded by UCT (e.g. departmental funding / student research) and by certain
J grant funding organizations (e.g. MRC, NRF, CANSA,) are exempt from these charges.
Please provide details for Invoicing, either complete section 1or 2 :
1. Invoice billing - Directly to Sponsor
Sponsor’s name Not applicable
13 June 2024 Page 20f 7 FHS016

237 |Page



UNIVERSITY OF CAPE TOWN

FACULTY OF HEALTH SCIENCES

IYENAESITI TATERARA s UNIVERSIEIE VAR CAARATAS Human Research Ethics Committee

Billing Address of Sponsor:

Vat Number:

Contact person

Telephone number

Email Address

2. Internal Journal Billing:

Fund Number:

Cost Centre Number:

Account Holder Name:

| Division of Account Holder:

2. List of documentation included to support this approval where applicable

Not applicable

3. Protocol status (tick v)

[

o Open Enrolment
o Closed to enrolment (tick v')
o Research-related activities are ongoing
n} Research-related activities are complete, long-term follow-up only
v Research-related activities are complete, data analysis only
o Main study Is complete but sub-study research-related activities are ongoing
o Publication or thesis submitted and final completion?
0 Study is closed > Please submit a Study Closure Form (FHS010)
4. Enrolment
Number of participants enrolled to date 45
Number of participants enrolled, since last HREC Progress report (continuing review) 0
Additional number of participants still required 0
13 June 2024 - — Page 3of 7 ;r;éim

238 |Page



UNIVERSITY OF CAPE TOWN

sva T AL AR - WU ¥AA FRARATAE Human Research Ethics Commitiee

FACULTY OF HEALTH SCIENCES @

5. Refusals ,
I 10
l Total number of refusals (participants invited to join the study, but refused to take part}
6. Cumulative summary of participants |
Total number of participants whao pravided consent 45
MNumber of participants determined 1o be ineligible (i.e. after screening) 200
Number of participants currently active on the study s
| Number of participants completed study (without events leading to withdrawal) 35 |
MNumber of participants withdrawn at participants’ request {i.e. changed their mind) ) _I
. Mumber of participants withdrawn by P| due to toxicity or adverse events 0
; Mumber of participants withdrawn by Pl for other reasons (e.g. pregnancy, poor 1
compliance)
Mumber of participants lost te follow-up. 9

Please comment below on reasons for loss of follow-up.

The research team could no longer get hold of the participants on their provided contact details

Wumber of participants no longer taking part for réasons not listed above,
Please provide reasons below:

testing)

Participants indicated that they were no longer interestad and did not have time to paricipate in the study as the
intervention required 4 months commitment (including pre-testing, 12 weeks exercise intervention and post intervention

7. Progress of study

Please provide a brief summary of the research to date including the overall progress and the prograss since
the last annual report as well as any relevant commentsfissues you would like to report to the HREC:

submitted in January 2024

the supervisars.

Active Living Journal in October 2022.

Thesis abstract and notice of intention to submit PhD thesis forms (DDB0Y) were completed, signed and

PhD IP assessment form (DDB10) was also completed, signed and submitted in January 2024.

The confidentiality on the nomination of examiners {DDB14) was also completed, signed and submitted by

Three results chaplers emanated from this work, one of which was published in the Frontiers in Sporls and

13 June 2024 Page 4 of 7

FHS018

239 |Page



PR T Ve AR BRI TEIR YRR kA PLE RS

FACULTY OF HEALTH SCIENCES @
UNIVERSITY OF CAPE TOWN Human Research Ethics Commities ?

The thesis has been drafted is ready to be submitted on 10 December 2024,

8. Protocol violations and exceptions (tick v all that apply)
v Mo prior violations or exceptions have occurred since the original approval

Prior vialations or exceptions have been reported since the original approval and have already
m] bean acknowledged or approved

If o, did these occur in the |last review period

Unreported minor violations that have ocourred since the last review, as well as significant
deviations not yet reporied, are attached for review !

o

9. Amendments (tick + all that apply) |

v Mo Prior amendments have been made since the original approval
H Prier amendments have been reparted since the lasl review and have already been approved
o Ldew protocol changes/ amendments are requested as parl of this continuing review (See note
alow] :
Mote: if new protocol changes are being requested in this review, please complete an amendment form
(FHSO008).

Specific changes In the amended protocol and consent/assent forms must be belded, ifalicised or tracked and
all changes must include a rationale.

10, Adverse events
10.1 Please provide below or attach a narralive summary of serious adverse events and/ or unanticipated |
problems since the |ast progress report. Please indicate changes made fo the protecel and informed consent
document(s) as a result (if not already reported to the HREC). Please comment on whether causality to any
study procedure or intervention could be established,

None,

10.2 Have participants recelved appropriate treatment/ follow-up/ referral when indicated (e.g. in the case of |
abnormal or incidental clinical findings, distress or anxiety)?

O Yes O No - v Not applicable
If ves, please describe: ‘
Mot Applicable o - ‘

11. Summary of Monitoring and Audit Activities (tick v)
11.1 Was this study monitored or audited by an external agency (e.g. SAHPRA, FDA)? |

13 June 2024 Page Sof T FHS(M6

240 |Page



UNIVERSITY OF CAPE TOWN

Prwh el SaTme 543 0aE RS - I IRITHIE WAS ShariidE

O Yes

FACULTY OF HEALTH SCIENCES
Human Research Ethics Committee

O Nao

\ v’ Not applicable

N/

' 11.2 Did a Data and Safety Monitoring Board publish a repori?

O Yes

| O No

‘ ¥’ Not applicable

113K yes, please identify the agency and aftach a summary of the findings.

¥ Not

Agency Name Rw attached | O Yes 0O Mo axglicabila
DSMB report ¥ Not

attached O Yes |0 No | pplicable

O Yes

¥ MNo

11.4 Has there been any agency, institutional or ather Inquiry into non-compliance in this study, or any
finding of non-compliance concerning a member of the research team?

If yas, please explain:

Mot Applicable

12. Level of risk (tick ¥')

12.1 In light of your experience of this research, please indicate whether the level of risk to participants has:

O | Increased

O | Decreased

¥ | Shown no change

| If there has baen a change, please explain:

12.2 Please provide a narrative summary of recent relevant literature that may have a bearing on the

level of risk.

Mot Applicable

13 Jumie 2024

Page 6 of 7

FHS0ME
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FACULTY OF HEALTH SCIENCES [at=t
E UNIVERSITY OF CAPE TOWN Human Research Ethics Committee ?

13. Insurance
Please confirm that valid no fault insurance is still in place? (tick v}

.

O Yes X No {MNot applicable)

If yes, please complete the following:

Insurer’s name:
Policy no. *Coverage
Period:
For UCT sponsored studies please liaise the Insurance office via fhs.sponsorship@uct.ac.za

regarding the required documentation and infermation required obtain a renewed UCT No-fault
Insurance Carﬁﬁcm‘e

14. Statement of conflict of interest

Has there been any change in the conflict of interest status of this protocol since the original approval?

| {tick ¥) : = =

O Yes | ¥ Neo :

If yes, please explain and if necessary, attach a revised conflict of interest statement (Section #7 in the New

Profocol Application Form FHS013):

15. Signature
' My required signature ceriifies that the above is complete and correct.

Signature of PI | Signed by candidate | Date ‘ 13 November 2024
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APPENDIX C: INFORMED CONSENT

MECHANISMS UNDERLYING INSULIN RESISTANCE IN BLACK SA WOMEN:
LESSONS FROM AN EXERCISE INTERVENTION.

Why is the study being done?

Within South Africa, there are many people living with diabetes (sugar disease), with black
women being the most affected, especially those who are carrying extra body weight (obese).
Many studies in other countries have shown that exercise training reduces the risk for diabetes.
However, there are no studies in South Africa that have studied this. This study will help us
understand the various factors that may cause diabetes in obese black women, including factors
within the muscle, fat and blood, as well as lifestyle factors including food intake, activity
levels and family history. Therefore, the aim of the study is to measure changes in the risk for
diabetes in response to a 12-week exercise-training programme in obese black South African
women, and to examine specific factors linked to the changes in diabetes risk. This study is
important, as it will help us understand if exercise training does reduce the risk of diabetes in

obese black South African women, and help us understand how this is done.

Who can participate?

If you fulfil the following criteria you will be able to take part in the study:
I.  Aged 20-35 years;
II.  Obese (weight in kg divided by height in metres squared: 30-35 kg/m?)
1. No known diseases or not taking medication for any diseases;
IV.  Not smoking or taking recreational drugs;
V.  Not currently pregnant or breast feeding;
VI.  Black South African (both parents are Xhosa);
VII.  No muscle or joint pains or medical problems that prevent you from exercising;
VIIl.  Able to attend four exercise sessions per week for the 12 week study period;
IX.  Weight stable (weight not changed more than 5 kg or no change in your clothes size
over the past 6 months);
X.  Are using injectable contraceptives;
XI. Not currently taking part in organized physical activity (exercise training);

XIl. No previous adverse reactions to an anaesthetic (e.g. at the dentist).
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X1, No surgical procedures in the last 6 months.

How do we decide if you are eligible to take part in the study?

If you meet all the criteria listed above, you will then be asked to complete some tests on one
day at David Flude Memorial Church hall in Khayelitsha to check that you meet the inclusion
criteria of the study. You will be asked to complete the following tests/measurements:

e Complete a questionnaire including information on your age, medication use, ancestry,
medical history, exercise and diet history, physical activity readiness;

e Weight and height will be measured using a scale and a height measure;

e Blood pressure: After a 5 minute relaxation period, blood pressure will be measured 3
times in a row, separated by 5 minutes between readings using a standard blood pressure
monitor.

e Blood glucose (sugar) by using a finger prick and HbA1c by venous blood sample;

e HIV screening will be performed. You will receive pre- and post-test counselling from a
trained counsellor and a referral will be made to an appropriate HIV clinic if you are found
to be HIV positive. If you test negative, you will be able to participate in the trial;

e 8-minute step test to measure your physical fitness: A heart rate monitor will be placed on
your chest to record heart rate and movement counts during the test, and you will be
required to step up and down a step at a certain speed that will get quicker as the test
progresses. When you have completed the test you will be required to sit for a recovery
period of 2 minutes. Only if you are able to complete the 8-minute step test will you be able
to take part in the study.

How many people will take part in the study?

Forty (40) obese women, who meet all the criteria above, can take part in the study.

How long will the study last?

The study will last 14 weeks in total. The first week (week 1) and last week (week 14) will
include testing at the Sports Science Institute in Newlands. Weeks 2-13 (12 weeks) will include

exercise training (4 times per week) in Khayeltisha.

What will happen if you decide to take part in the study?

If you meet all the criteria listed above and decide to take part in the study, you will be asked

to complete all the testing and training procedures outlined below.
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Please note that if you decide to take part in this study, we will need you to give two stool
(toilet) samples before and after the 12-week study. These stool samples are a requirement for
taking part in the study. If you are unhappy or uncomfortable about giving stool (toilet)
samples, you should not take part in this study.

You will be randomly assigned to either an exercise group or a control group. Neither you nor
the investigators will be able to choose which group you will be assigned to. If you are assigned
to the exercise group, you will be required to complete 12 weeks of supervised aerobic training
(training that increases your heart rate and breathing rate) for 1 hour on 4 days/week by a
trained facilitator David Flude Memorial Church hall in Khayelitsha. We request that you do
not participate in any new additional training outside of this study. If you are assigned to the
control group, you can continue with your normal life activities, and we request that you do

not start a new exercise-training programme somewhere else for the 12 weeks.

You are under no obligation to take part in the study and are not required to give a reason if
you do not wish to participate. If you decide to take part in the study, you are free to withdraw
at any time and without giving a reason and without prejudice. If you decide to withdraw from
the study, we will discuss with you what will happen to any information or samples that you
have provided. If the incomplete samples and information can usefully contribute to the study,
we will ask your permission to store them and use them in our analysis. Alternatively, on your

request all your information and samples will be destroyed.

Procedures:

If you meet all the criteria above and are in the control OR experimental group, you will be
required to complete 3 testing sessions before and another 3 sessions at the end of the 12-week
study, as summarised in Table 1 and explained in detail below. All testing will be undertaken
either at the Division of Exercise Science and Sports Medicine, based at the Sports Science
Institute of South Africa (SSISA) in Newlands, at the Academy of Plastic Surgery, Claremont,
or CUBIC at Groote Schuur Hospital. Appropriately trained medical personnel will carry out

all procedures.
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Table 1. Summary of testing schedule the week before and after the 12-week exercise/control intervention

Testing Week

Testing session:

Screening session

Testing session 1

Testing session 2

Testing session 3

-Random glucose and HbA1C
-8-min step test

-Demographic & health
guestionnaire

-Accelerometer and Actipal fitted
-3-day dietary record forms
-pedometer fitted

-Stool sample collection

-stool sample collection

Location: David Flude Memorial Church SSISA SSISA & CUBIC, GSH Academy of Plastic Surgery
hall, Khayelitsha
Time of day: Any 8am 8 am 8 am
Preparation: None Overnight fast and no Overnight fast and no exercise | Overnight fast and no exercise
exercise training for 72 hrs for 3 days prior for 3 days prior
prior
Duration: 2 hrs 4 hrs 2 hrs 1hr
Procedure: Trial information -FSIGT -Fasted resting & exercising -Fat biopsy
-Informed consent -DXA scan fuel use -Muscle biopsy
-Weight and height -Blood pressure -MRS scan -Stool sample collection
-Blood pressure VO2peak test -Blood pressure
-HIV screening -V Ozpeak test
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Testing Session 1: Early morning before breakfast - At SSISA - 4 hours

You will be requested to come to the laboratory at the Sports Science Institute in the morning
after an overnight fast. In other words, you must not eat or drink anything, except water, from
10pm the night before (at least 10 hours). You cannot take part in any exercise training for 72

(3 days) hours before this test.

Insulin test — a measure of insulin secretion and insulin sensitivity:

A small plastic tube will be placed into a vein in each arm. You will then be required to undergo
a test that will measure how much insulin your body produces and how sensitive your body is
to insulin. We will inject a concentrated glucose solution (~ 30-100 ml, depending on your
weight) into one vein over a 1-minute period. Small amounts of blood (1 teaspoon) will be
withdrawn from the other arm at regular intervals (1-2 minutes) for 20 min. After 20 min,
insulin will be infused into your arm, which will assist your body to take up the glucose into
the cells. Further blood samples (1 teaspoon each) will be drawn from your other arm for a
further 3.5 hrs. During this test, a maximum of 200 ml of blood will be drawn (1/3™ of the
amount drawn when you donate blood). During the tests, you will be required to sit or lie

quietly and DVDs will be provided for entertainment.

Questionnaires:

You will be asked questions on various measures of social and economic status (including your
education, where you live and how many people share your home, the work that you do, how
you spend your spare time), as well as questions on food security (access to food), family
history, your personal health and reproductive history, including the number of children you
have, medications that you use and how much physical activity you do. You will also be
interviewed by a dietician who will ask you questions about your diet and the foods that you
normally eat. You will be given a form to record the foods that you eat at home for a period of
three days.

Body composition:
After your insulin test, we will take measurements of your body, including weight, height,
waist and hip circumference. In addition, you will be asked to undergo a scan, which will

accurately measure your fat and muscle mass, as well as your bone density. This is called a
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dual x-ray absorptiometry (DXA) scan. The scan will take approximately 20 minutes to

perform during which you will lie quietly on the scanning table in a medical gown provided.

VO2peak test and Physical activity:

You will be required to complete an exercise test to exhaustion on a treadmill, which has been
used in similar studies in the past. A mask attached to a sampling tube will be placed over your
face to measure your oxygen uptake during the test. You will then begin walking on the
treadmill at 3.5 km/hr (slow walk), and then every 3 minutes, the speed will be increased by 1
km/hr until you reach a speed of 6.5 km/hr (fast walking pace). If you are still able to manage
this intensity, the gradient of the treadmill will increase by 2% every 3 minutes thereafter (in
other words, you will begin walking uphill) until we instruct you to stop or when you are
exhausted. Your heart rate will be monitored continuously throughout the test. Before you start
the test, you will be given the opportunity to familiarise yourself with walking on the treadmill
so that you are comfortable when you start. The mask will not affect your breathing in any way,

or the quality of the air that you breathe in.

You will be given a pedometer to wear every day for the whole 12-week study period. This is a
device that measures the number of steps you take every day. In addition, we will also ask you to
wear other motion sensors (accelerometer, which measures how fast you move and an Actipal that
measures how little you move) for 7 days. Both devices are the size of a small matchbox and will be
attached to your waist with a lightweight belt. You should wear the monitors at all times, except

when swimming, bathing, showering and sleeping.

Testing Session 2: Early morning before breakfast - At SSISA and CUBIC at Groote Schuur

Hospital - 2 hours

You will be requested to come to the laboratory at the Sports Science Institute in the morning
after an overnight fast. In other words, you must not eat or drink anything, except water from
10 pm the night before (at least 10 hours). You may not take part in any exercise training for
72 hours (3 days) before this test.

Fasting and exercising fuel use — respiratory exchange measure — during rest and exercise
After you have rested for 30 minutes, we will take measures of the air that you breathe in and

out while resting quietly in a chair or on a bed for 15 minutes, and during 15 minutes of
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moderate intensity walking exercise on a treadmill (£50% of maximum oxygen uptake;
VO2peak). These measurements will be used to calculate the fuels (fat and carbohydrate) that
you are burning. In order to perform these measures, a mask attached to a sampling tube will
be placed over your face. While wearing the mask you will be able to breathe normally and the

mask will not affect your breathing or the quality of the air that you breathe in.

Stool sample collection

You will be asked to provide 2 stool samples on separate days at baseline and after the 12-week
intervention. For the stool collection, you will be provided with a specific stool collection kit.
You will be asked to pass a stool sample onto the sample collection paper, and using the
provided sample collection scoops, place a 10 ml (£ 2 teaspoons) stool sample into the sample
collection vial provided. You will then place this sample vial in a second container and this is

then placed in a sample collection bag, which you will hand to the researcher.

Magnetic resonance spectroscopy (MRS) scan
The MRS scans will be performed at CUBIC at Groote Schuur Hospital, and will take

approximately 1 hour.

The MRS scan will be used to measure the fat content of your calf muscle, liver and pancreas.
MRS uses magnetic and radio waves, and will be used to generate a picture of your calf, liver
and pancreas. You will be required to lie on a bed, which is moved into a wide-bore tubular
structure. This is open at both ends. You will be required to lie still for 15 minutes while being

in constant voice contact with the Radiographer.

If you have any of the following conditions, you may not have an MRS scan: implanted
medical devices such as aneurysm clips in the brain, heart pacemakers, and cochlear (inner ear)
implants; lead-based tattoos; or pieces of metal close to or in an important organ (such as the

eye); claustrophobia or fear of being confined in a small space.

Session 3: Early morning before breakfast — at the Academy of Plastic Surgery - 1 hour

You will be requested to come to the Academy of Plastic Surgery in Claremont in the morning

after an overnight fast. In other words, you must not eat or drink anything, except water from
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10 pm the night before (at least 10 hours). You may not take part in any exercise training for
72 hours (3 days) before this test.

Fat and muscle biopsies:

You will be requested to undergo a fat biopsy from your buttocks (bum) and you're your
abdominal area (tummy), and a muscle biopsy from your thigh muscle. The samples will be
used to analyse the proteins and hormones produced by the fat cells, and the metabolic
functioning of your muscle, both of which may influence your disease risk. A medical doctor
(plastic surgeon) will perform the biopsies. A local anaesthetic will be administered prior to
the procedure.Please inform us if you have had any previous reactions to any other anaesthetics,

for example at the dentist.

For the fat biopsies, after the anaesthetic has taken effect, a small incision (0.5-1 cm) will be
made in the skin, and fat samples (1.5 cm®) will be removed using a needle connected to a
syringe. After this procedure, a waterproof sterile dressing will be applied. For the muscle
biopsy, after the anaesthetic has taken effect, the doctor will then make a ~6-8 mm cut through
the skin. A biopsy needle will then be inserted through the incision and a small piece of muscle
(~4 mm x 4 mm) will be snipped from the muscle under the skin and removed through the
small incision. The incision will be closed with “Steristrips” (plasters that act like stitches) and

covered with a waterproof dressing and a pressure bandage.

12-week exercise/control intervention

If you are assigned to the control group we will request that you do not start any new exercise
training programs during the 12-week study period, and continue with your daily activities and
diet as usual. When you have completed the 14-week trial, you will be offered the opportunity
to undergo the same exercise training as the exercise group, as described below. This is totally

voluntary.

If you are assigned to the exercise group, you will be required to perform 12-weeks of
supervised aerobic training at a moderate-vigorous intensity for one hour, four times per week.
The exercise training will include cardiovascular exercises in the form of aerobic dance,
boxing, running, skipping, stepping, and strengthening exercises using your own body weight
or minimal equipment for resistance training (e.g. bands and weights). The frequency, duration

and intensity of the exercise intervention are based on the recommendations from the British
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Association of Sport and Exercise Sciences (BASES), to ensure the prevention of injuries. The
60 min classes will include moderate exercise (70-75% of your maximum heart rate) and at
least 30 min of vigorous activity (75-85% of your maximum heart rate), which will be
monitored using heart rate monitors. The exercise classes will be supervised by a trained
biokineticist, who will monitor your progress (using heart rate data) and adjust the classes
accordingly to ensure adequate improvement in cardiorespiratory fitness throughout the 12-
week programme. We request that you do not participate in any new additional training outside
of this study and maintain your normal diet during the 12-week trial.

Monitoring in the control and exercise groups:

If you are in the control or the exercise group, you will be asked to wear a pedometer every day for
the duration of the 12-week study. You will be required to come to the community facility to
download your pedometer every two weeks. This will take 10 min of your time. You will also be
asked to wear the accelerometer and Actipal for 7 days at the beginning and every 4 weeks during
the 12-week trial (week -1, 4, 8 and 12) (as described above). Accelerometers will be used in addition
to pedometers as they provide a more accurate assessment of the intensity of your activity, and
Actipals provide more information on sedentary time. You should wear the monitors at all times,
except when swimming, bathing, showering and sleeping. At the same time that you wear the
monitors (week -1, 4, 8 and 12), we will request that you record your dietary intake for three days,
as explained in the first session. Attendance at each session, and the compliance to the exercise
training will be monitored by the biokineticist.

What are the risks and discomforts of this study?

Insulin test — a measure of insulin secretion and insulin sensitivity:

There are no appreciable risks for this test, other than those associated with routine blood
sampling, including discomfort, bruising, swelling and local infection. All procedures will be
supervised and carried out by a medical doctor and appropriately trained medical personnel
using sterile techniques to minimise any risks of infection. These tests are used routinely in
research to accurately determine insulin secretion and insulin sensitivity. A maximum of 200
ml of blood will be drawn during the entire study, which is less than half that drawn during

standard blood donation.
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Body composition:
The only risk associated with the DXA scan is exposure to radiation. However, the radiation

exposure with a DXA scan is less than half that of a chest x-ray (11.3 microSieverts).

Physical activity monitors:

There are no risks or side-effects from wearing the physical activity monitors.

Fitness, VO2peak test and steady state exercise

There are minimal risks associated with the fitness test, the VOzpeax test and the steady-state
exercise. Heart rate will be monitored during all exercise tests using a heart rate monitor, and
the tests will be terminated early if your heart rate exceeds 90% of age-predicted maximum
heart rate. The risks of being on the treadmill include the possibility of tripping or falling.
However, this is unlikely, as you will only be required to walk on the treadmill. There are
handles on either side of the treadmill to hold onto, and an emergency stop button in the event
that you do trip or fall. All the treadmill testing will be performed under the supervision of a
trained professional. You will be given the opportunity to familiarise yourself with walking on

a treadmill before the tests so that feel totally comfortable before you start the test.

Fuel utilisation - respiratory exchange measure — during rest and exercise
There are no risks associated with measuring fuel utilisation, however, some people feel
anxious with the mask covering their face. Should you experience feelings of anxiousness, the

mask will be removed.

Magnetic resonance spectroscopy (MRS) scan

You will not experience any pain or discomfort when having the MRS scan, and there are no
known harmful long-term effects of the magnetic fields used in this study. When the scanner
takes the pictures, the bed may shake, and you will hear loud banging noises. You will be given
earplugs or headphones to protect your ears. Also, some people feel nervous in a small closed
space, such as when they are in the scanner. You will be able to see out of the scanner at all
times, and we will not start until you tell us that you are comfortable. You will be able to stop
at any time by squeezing a ball that you will hold in one hand and can talk to us using an
intercom that is built into the scanner. If you have any of the following conditions, you may

not have an MRS scan: implanted medical devices such as aneurysm clips in the brain, heart

pacemakers, and cochlear (inner ear) implants; lead-based tattoos; or pieces of metal close to
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or in an important organ (such as the eye); claustrophobia or fear of being confined in a small

space.

Fat and muscle biopsies:

For both the fat and muscle biopsies, you may feel some local stinging for a few seconds after
the local anaesthetic is given. You will experience some discomfort during the biopsies, and
after the biopsies you may experience some bruising, which will generally feel better within 2-
3 days. We have performed many fat and muscle biopsies and have had very few adverse
events. These included the temporary loss of feeling in the area around the biopsy site, which
resolved on its own after a short while; and local infection, which healed without any problem
after treatment. Rarely there may be an allergic reaction to the local anaesthetic or to the
preservative in it, methylparaben, which could cause itching and if severe, wheezing or low
blood pressure that are symptoms of anaphylactic shock. Severe reactions will be treated with

adrenaline, which will be available during the procedure.

Stool sample collection:

There are no risks associated with the collection of stool samples, but you may experience
some social discomfort during the collection of the stool specimens. In order to prevent this,
you will be given the opportunity to collet a sample at SSISA on three separate days when you
feel most comfortable.

12-week exercise/control intervention

The training program is designed for exercise progression to ensure minimal physical
discomfort and associated soreness. In the unlikely event that you sustain an injury due to the
exercise intervention, you will be referred to the appropriate clinic for treatment at no expense
to yourself. However, you might experience some physical discomfort and associated muscle
soreness following the first session (and in some cases the first week) of training. All efforts
will be made to ensure a suitable training environment, including safe setting up and provision
of equipment, sufficient lighting, suitable temperature, suitable ventilation, and convenient
access to toilets, etc. The researchers are trained in first aid and basic life support, and a phone

will be carried at all times should medical assistance be required.
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Are there any benefits to you for being in the study?

You will receive your own results, including body composition (weight, height, waist
circumference, muscle and fat mass and bone density), serum lipid profile, blood pressure, risk
for diabetes, physical fitness and dietary analysis, with some recommendations made by a
dietician on how to adapt your dietary intake to improve your health. If you are in the control
group, after the completion of the study, you will have the opportunity to participate in the
same exercise training as the exercise group. This is completely voluntary. Following the
training (if you were in the exercise or control group), you will receive guidelines and
recommendations on how to continue your exercise training. If you have any abnormal results,
you will be given a referral letter and directed to the appropriate health practitioner or local

clinic.

What will happen when the study is over?

As mentioned above, when the testing of all the women has been completed, you will receive
your individual results and the provisional findings of the study will be presented. Detailed
analysis of the tissues samples will take more time. However, once these analyses have been
completed, the final results of the study will be shared with you. This information will assist in
our understanding of the effect of exercising training on the risk for diabetes, and therefore

help us to prevent and/or manage the problem of diabetes in South African women.

Will any of your blood, muscle, fat and stool samples be stored and used for research in

the future?

The researchers will ask your permission to store your blood, muscle and fat samples for future
research. All samples will be kept in a freezer in a secure facility with access limited to research
personnel. Future research analyses will be based on new research that we are at present not
aware of, but may be important in our understanding of the risk for type 2 diabetes. Any
research done on your blood or tissue in the future must be approved by the Faculty of Health
Sciences Research Ethics Committee at the University of Cape Town that is set up to determine
that the research is done according to accepted standards. You will not be penalized in any way
for not allowing the use of your blood or tissue for future research. If you decide not to donate
blood or tissue for future research, it will be destroyed on completion of this trial. Strict
confidentiality of results will be maintained.
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Will you receive reimbursement for transport, time and inconvenience?

All transport required to get to the training and testing facilities will be arranged by the
researchers and be at no cost to you. You will receive R30/day to cover their transport costs to
the training venue in Khayelitsha (4 x training sessions per week for 12 weeks + 3 monthly
monitoring visits). In addition, either transport will be provided or you will receive R50/day
for transport to the testing facilities at UCT (R50 x 8 testing sessions). The transport money

will be paid to you at the end of each session.

To compensate you for your time and inconvenience, you will be reimbursed R20/hr for the
training session (48 hrs), and R50/hr for the testing sessions (17 hrs of testing and monitoring).
Payment for time and inconvenience will be paid on a pro-rata basis at the end of the 12-week
study period.

Who will see the information that is collected about you during the study?

Strict confidentiality of results will be maintained. Your name will be removed from all data,
and you will be assigned a number, which will be used to identify data relating to you. All
records will be kept in a locked room and in a secure computer database in the research unit.

Your name will not be used in any publication of the results.

What if Something Goes Wrong?

The University of Cape Town (UCT) has insurance cover for the event that research-related
injury or harm results from your participation in the trial. The insurer will pay all reasonable
medical expenses in accordance with the South African Good Clinical Practice Guidelines
(DoH 2006), based on the Association of the British Pharmaceutical Industry Guidelines
(ABPI) in the event of an injury or side effect resulting directly from your participation in the
trial. You will not be required to prove fault on the part of the University.

The University will not be liable for any loss, injuries and/or harm that you may sustain where

the loss is caused by
e The use of unauthorised medicine or substances during the study

e Any injury that results from you not following the protocol requirements or the instructions

that the study doctor may give you
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e Any injury that arises from inadequate action or lack of action to deal adequately with a

side effect or reaction to the intervention
e Aninjury that results from negligence on your part

By agreeing to participate in this study, you do not give up your right to claim compensation
for injury where you can prove negligence, in separate litigation. In particular, your right to
pursue such a claim in a South African court in terms of South African law must be ensured.
Note, however, that you will usually be requested to accept that payment made by the
University under the SA GCP guideline 4.11 is in full settlement of the claim relating to the

medical expenses.

An injury is considered trial-related if, and to the extent that, it is caused by study activities.
You must notify the study doctor immediately of any side effects and/or injuries during the

trial, whether they are research-related or other related complications.

UCT reserves the right not to provide compensation if, and to the extent that, your injury came
about because you chose not to follow the instructions that you were given while you were
taking part in the study. Your right in law to claim compensation for injury where you prove
negligence is not affected. Copies of these guidelines are available on request.

Who do | contact if | have any questions about the study?

If you have any questions or you experience any problems during or after the tests, please
contact Professor Julia Goedecke or Dr Amy Mendham:

Associate Professor Julia Goedecke (PhD)

Principal Investigator

Division of Exercise Science and Sports Medicine

Department of Human Biology

3" Floor, Sports Science Institute of South Africa

Boundary Road, Newlands, 7725

Cape Town

Tel: 021-6504570(w) 0828255616 (cell)

Email : julia.goedecke@uct.ac.za

Dr Amy Mendham (PhD
Project coordinator

Division of Exercise Science and Sports Medicine
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Department of Human Biology

3" Floor, Sports Science Institute of South Africa
Boundary Road, Newlands, 7725

Cape Town

Tel: 021-6504567 (w) 0729 255 347 (cell)

Email : Amy.Mendham@uct.ac.za

Should you have any concerns about this study, you are also free to contact the head of the
University of Cape Town Faculty of Health Sciences Human Research Ethics Committee,

Professor Marc Blockman.

Professor Marc Blockman

Head, Human Research Ethics Committee

Faculty of Health Sciences

Room E52-24 Groote Schuur Hospital Old Main Building, Observatory 7925
Telephone [021] 406 6338. Facsimile [021] 406 6411
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Subject code:

MECHANISMS UNDERLYING INSULIN RESISTANCE IN BLACK SA WOMEN:
LESSONS FROM AN EXERCISE INTERVENTION.

Consent to participate in the study:

“I, , hereby give consent to participate in this research trial to

be conducted by the Division of Exercise Science and Sports Medicine, within the Department

of Human Biology at the University of Cape Town.

| understand that | will need to give two stool (toilet) samples before and after the 12-week
study, and that this is a requirement for taking part in the study.

| understand that | will undergo preliminary testing to determine if I am eligible for the study.
| understand that | will be randomly assigned to the exercise or the control group. If | am
assigned to the exercise group, | understand that I will be required to complete 12 weeks of
exercise training, consisting of 1 hour of aerobic exercise training 4 days/week by a trained
facilitator in a central facility in Khayelitsha. If I am assigned to the control group, I understand
that | will be required to continue with my normal daily living and not start a new exercise-
training programme during the study period, but can be part of the same exercise-training
programme once | have completed the study. | understand that irrespective of the group that |
am assigned to, I will be required to complete 3 testing sessions before and at the end of the
12-week study. In addition, I understand that I will be required to visit the community centre
every 2 weeks to download my pedometer, and have my weight, dietary intake and physical
activity measured every month. I understand that the testing sessions will be performed at the
Sports Science Institute, CUBIC at Groote Schuur Hospital and the Academy of Plastic Surgery
in Claremont, and will include completion of a demographic and lifestyle questionnaire, the
measurement of blood pressure, body composition including whole body scans and MRS scans
of my calf muscle, liver and pancreas, blood lipid and hormone levels, physical fitness,
measures of fuel utilisation at rest and during exercise, stool samples to measure the bacteria

in my gut, as well as a test to measure insulin secretion and sensitivity. | also understand that
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fat samples (~1.5 cm®) will be taken from the fat stores in my abdominal (belly) and gluteal

(bottom) area, and a muscle sample will be taken from my thigh (upper leg) muscle.

| have read and have had explained to me the procedures described. | have had an opportunity
to ask questions and my questions have been answered in a satisfactory way. | understand the
nature of the trial and the risks and benefits associated with my participation and that | am free

to withdraw from this study at any time.

I understand that all the information collected during the study will be treated with the strictest
confidentiality and will only be used for scientific research purposes. All samples will be kept
in a freezer in a secure facility with access limited to research personnel. All records will be
kept in a locked room and in a secure computer database in the research unit. Your name will
not be used in any publication of the results. | understand that for data verification and quality
control purposes regulatory authorities and/or members of the University of Cape Town
Faculty of Health Sciences Human Research Ethics Committee may be allowed access to my
personal data under conditions of strict confidentiality.

I have read the information, or it has been read to me. I have had the opportunity to ask
guestions about it and my questions have been answered to my satisfaction. I consent
voluntarily and understand that I have the right to withdraw my consent without this

affecting the current research study or my medical care.

Print Name of Participant

Signature of Participant

Date
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Subject code:

CONSENT FOR STORAGE AND FUTURE USE OF UNUSED SAMPLES:

Additional consent to: Mechanisms underlying insulin resistance in black SA women:

lessons from an exercise intervention.

Information sheet:

We are seeking permission to store your unused blood, muscle, fat and stool samples for
possible future in either our own research or collaborators’ research studies. Permission to use
these samples is in addition to the use of your samples for the current study. This is important
as these analyses will be based on new research that we are at present not aware of, but may be
important in our understanding of the risk for type 2 diabetes. Before the samples can be used
for future research, approval by the University of Cape Town Faculty of Health Sciences
Human Research Ethics Committee will be obtained. Please be aware that the samples will not

be sold for profit.

When entering into the study, you will receive a unique code that will be used for sample and
data analysis, which serves to maintain your confidentiality. When storing samples, you may
choose that we keep the unique code on the sample so that we can link any new results to your
existing data. If any clinically relevant information relating to this sample is found, we will
inform you of the results. Alternatively, you can remove the identifying number, so that your
information will not be linked to the sample and you will not be informed of any clinical results

relating to the new analyses.

You may also refuse to allow future analyses of samples without being penalised, and your
results relating to the current study will not be compromised in any way. If you refuse to allow
future analyses of samples, your samples will be destroyed on completion of this trial.
Furthermore, you may withdraw permission to use your samples at any time. If you wish to do

this, please contact:

Associate Professor Julia Goedecke (PhD)
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Principal Investigator

Division of Exercise Science and Sports Medicine
Department of Human Biology

3" Floor, Sports Science Institute of South Africa
Boundary Road, Newlands, 7725

Cape Town

Tel: 021-6504570 (w) 0828255616 (cell)

Email : julia.goedecke@uct.ac.za

All information collected during the study will be treated with the strictest confidentiality and
will only be used for scientific research purposes. All samples will be kept in a freezer in a
secure facility with access limited to research personnel; all records will be kept in a locked
room and in a secure computer database in the research unit. Your name will not be used in
any publication of the results. For data verification and quality control purposes regulatory
authorities and/or members of the University of Cape Town Faculty of Health Sciences Human
Research Ethics Committee may be allowed access to my personal data under conditions of

strict confidentiality.

Certificate of Consent:

1) If any of the BLOOD that | have provided for this research project is unused or leftover

when the project is completed (Tick one choice from each of the following boxes)

O 1 wish my blood sample to be destroyed immediately.
O 1 want my blood sample to be destroyed after years.

O | give permission for my blood sample to be stored indefinitely

AND if my blood sample is to be stored:

) 1 give permission for my blood sample to be stored and used in future research but only
on the same subject as the current research project: “Mechanisms underlying insulin
resistance in black SA women: lessons from an exercise intervention”.

1 1 give my permission for my blood sample to be stored and used in future research of
any type, which has been properly approved

) I give permission for my blood sample to be stored and used in future research except
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2)

3)

for research about

AND
1 I want my identity to be removed from my blood sample.

1 I want my identity to be kept with my blood sample.

If any of the MUSCLE that | have provided for this research project is unused or leftover when the
project is completed (Tick one choice from each of the following boxes)

O I wish my muscle sample to be destroyed immediately.

O I want my muscle sample to be destroyed after years.

O 1 give permission for my muscle sample to be stored indefinitely

AND if my muscle sample is to be stored:

1 1 give permission for my muscle sample to be stored and used in future research but only
on the same subject as the current research project : “Mechanisms underlying insulin
resistance in black SA women: lessons from an exercise intervention”.

1 1 give my permission for my muscle sample to be stored and used in future research of

any type, which has been properly approved
1 1 give permission for my muscle sample to be stored and used in future research except

for research about

AND
1 I want my identity to be removed from my muscle sample.

71 I want my identity to be kept with my muscle sample.

If any of the fat that | have provided for this research project is unused or leftover when the project

is completed (Tick one choice from each of the following boxes)

O 1 wish my fat sample to be destroyed immediately.
I I want my fat sample to be destroyed after years.

1 I give permission for my fat sample to be stored indefinitely
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4)

AND if my fat sample is to be stored:

1 1 give permission for my fat sample to be stored and used in future research but only on
the same subject as the current research project : “Mechanisms underlying insulin
resistance in black SA women: lessons from an exercise intervention”.

1 1 give my permission for my fat sample to be stored and used in future research of any
type, which has been properly approved

11 give permission for my fat sample to be stored and used in future research except for
research about

AND
1 I want my identity to be removed from my fat sample.
1 I want my identity to be kept with my fat sample.

If any of the STOOL sample that | have provided for this research project is unused or leftover

when the project is completed (Tick one choice from each of the following boxes)

O 1 wish my stool sample to be destroyed immediately.
O I want my stool sample to be destroyed after years.

O 1 give permission for my stool sample to be stored indefinitely

AND if my stool sample is to be stored:

1 1 give permission for my stool sample to be stored and used in future research but only
on the same subject as the current research project: “Mechanisms underlying insulin
resistance in black SA women: lessons from an exercise intervention”.

1 1 give my permission for my stool sample to be stored and used in future research of any
type, which has been properly approved

1 1 give permission for my stool sample to be stored and used in future research except for

research about

AND
O I want my identity to be removed from my stool sample.

O I want my identity to be kept with my stool sample.

I have read the information, or it has been read to me. I have had the opportunity to ask
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guestions about it and my questions have been answered to my satisfaction. I consent
voluntarily and understand that I have the right to withdraw my consent without this

affecting the current research study or my medical care.

Print Name of Participant

Signature of Participant

Date
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Subject code:

CONSENT FOR HIV TESTING:

Additional consent to: Mechanisms underlying insulin resistance in black SA women:

lessons from an exercise intervention.

I agree to provide a blood sample for the purposes of

confidential HIV testing. | understand that it is necessary for me to have this test to participate
in the research study. If | test positive, | cannot participate in the study entitled “Mechanisms
underlying insulin resistance in black South African women”, conducted by the Division of
Exercise Science and Sports Medicine, within the Department of Human Biology at the
University of Cape Town. | aware that | will receive pre and post-test counselling from a
qualified HIV counsellor, and will be referred to an appropriate health care clinic if necessary.
| understand the implications of performing the test.

I have read the information, or it has been read to me. | have had the opportunity to ask
guestions about it and my questions have been answered to my satisfaction. I consent
voluntarily and understand that I have the right to withdraw my consent without this

affecting the current research study or my medical care.

Print Name of Participant

Signature of Participant

Date
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APPENDIX D: FACEBOOK ADVERTISEMENT

BLACK SOUTH AFRICAN WOMEN ARE INVITED TO TAKE PART IN AN EXCITING
RESEARCH PROJECT

Mechanisms underlying insulin resistance in black SA women: lessons from an exercise

intervention.

Purpose of the project: Within South Africa, there are many people living with diabetes

(sugar disease), with black women being the most affected, especially those who are carrying
extra body weight (obese). Many studies in other countries have shown that exercise training
reduces the risk for diabetes. Therefore, the aim of the study is to measure changes in the

risk for diabetes in response to an exercise training programme in obese black South

African women.

Who can participate?

If you fulfil ALL of the following criteria you will be able to take part in the study:

XIV. Black South African (both parents Xhosa);
XV. Aged 20-35 years;
XVI. Obese: Body mass index (BMI): 30-35 kg/m? weight between 75 — 120 kg
XVII. No known diseases or not taking medication for any diseases;
XVIII. HIV negative (compulsory HIV testing);
XIX. No smoking or recreational drugs;
XX. Not currently pregnant or breast feeding;
XXI. Must be using injectable contraception;
XXII. Weight stable (weight not changed more than 5 kg or no change in your clothes size over
the past 6 months);
XXII.  No muscle or joint pains or medical problems that prevent you from exercising;
XXIV. Able to attend 4 exercise sessions per week for the 12-week study period in Khayelitsha;
XXV. Not currently taking part in organized physical activity (exercise training);
XXVI. No previous adverse reactions to an anaesthetic (e.g. at the dentist).
XXVII. No surgical procedures in the last 6 months.
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Procedures and benefits:
If you fulfil the above criteria, you will be randomly assigned to either an exercise group or a
control group.
e The exercise group, you will be required to complete 12 weeks of supervised exercise
training for 1 hour on 4 days/week by a trained facilitator in Khayelitsha.
e The control group will be required to continue with their normal life activities.

However, voluntary exercise training will be offered at the end of the study.

Both groups will be required to complete 4 testing sessions before and 4 testing sessions at the

end of the 12-week project at the Sports Science Institute of South Africa (SSISA) in Newlands.

These tests include measures of:

» Body composition (body fat, muscle mass, bone density) using a whole body scanner

> Lifestyle factors - dietary analysis and physical activity using questionnaires and activity
monitors

> Risk for diabetes and heart disease (blood pressure and lipid levels) (blood samples will
be taken)

» Liver and muscle and fat content (by scans and biopsies)

You will receive all of your results and compensation for transport and your time (up to R3700

on a pro rata basis).

If you are interested in taking part in the study and would like additional information, please
contact:

Nandi Sinyanya: 021-6504575 / 0785145785 / nandipha.sinyanya@uct.ac.za
Khaya Zoneleni: 021-6504575 / 0603381154 / ntomkho@gmail.com
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APPENDIX E: RECRUITMENT FLYER

Black South African women are invited to participate in an exciting research study

MECHANISMS UNDERLYING INSULIN RESISTANCE IN BLACK SA WOMEN:
LESSONS FROM AN EXERCISE INTERVENTION.

Purpose of the study: Within South Africa, there are many people living with diabetes (sugar
disease), with black women being the most affected, especially those who are carrying extra
body weight (obese). Many studies in other countries have shown that exercise training reduces
the risk for diabetes. Therefore, the aim of the study is to measure changes in the risk for
diabetes in response to a 12-week exercise-training programme in obese black South

African women.

Who can participate?

If you fulfil ALL of the following criteria you will be able to take part in the study:

XXVIII. Black South African (both parents Xhosa);
XXIX. Aged 20-35 years;
XXX. Obese: Body mass index (BMI): 30-35 kg/m? \BM I=weight (kg)/[height (m) X height(m)]\
XXXI. No known diseases or not taking medication for any diseases;
XXXII.  HIV negative (compulsory HIV testing);
XXXIII.  No smoking or recreational drugs;
XXXIV. Not currently pregnant or breast feeding;
XXXV. Must be using injectable contraception;
XXXVI. Weight stable (weight not changed more than 5 kg or no change in your clothes size over
the past 6 months);
XXXVII. No muscle or joint pains or medical problems that prevent you from exercising;
XXXVIII.  Able to attend 4 exercise sessions per week for the 12-week study period in Khayelitsha;
XXXIX. Not currently taking part in organized physical activity (exercise training);
XL. No previous adverse reactions to an anaesthetic (e.g. at the dentist).
XLI. No surgical procedures in the last 6 months.

Procedures and benefits:
If you fulfil the above criteria, you will be randomly assigned to either an exercise group or a
control group.

The exercise group, you will be required to complete 12 weeks of supervised exercise
training for 1 hour on 4 days/week by a trained facilitator in Khayelitsha.

The control group will be required to continue with their normal life activities.
However, voluntary exercise training will be offered at the end of the study.

Both groups will be required to complete 3 testing sessions before and 3 testing sessions at the
end of the 12-week study at the Sports Science Institute of South Africa (SSISA) in Newlands.
These tests include measures of:

» Body composition (body fat, muscle mass, bone density) using a whole body scanner
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> Lifestyle factors - dietary analysis and physical activity using questionnaires and activity
monitors

> Risk for diabetes and heart disease (blood pressure and lipid levels) (blood samples will
be taken)

> Liver and muscle fat content (by scans and biopsies)

You will receive all of your results and compensation for transport and your time (up to R3730

on a pro rata basis).

If you are interested in taking part in the study and would like additional information, please
contact:

Nandi Sinyanya: 021-6504575 / 0785145785 / nandipha.sinyanya@uct.ac.za
Khaya Zoneleni: 0603381154 / 0734792665 / ntomkho@gmail.com

Dr Amy Mendham: 021-65045 / 0723879889 / amy.mendham@uct.ac.za
Prof Julia Goedecke: 021-9380267 / 0828255616 / Julia.goedecke@uct.ac.za
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APPENDIX F: PHYSICAL ACTIVITY READINESS QUESTIONNAIRE (PARQ)

Phyzacal Actraty Readiness
Questiornare - PARQ ==}
(revised 2002)

(A Questionnaire for People Aged 15 to 69)

Regular physical activity is fun and healthy, and increasingly more people are starting to become more active every day  Being more active is very safe for most
people. However, some people should check with their doctor before they start becoming much more physically active

If you are planning to become much more physically active than you are now, start by answering the seven questions in the bax below. Iif you are between the
ages of 15 and 69, the PAR-Q will tell you # you should check with your doctor before you start. If you are over 69 years of age, and you are not used to being
very active, check with your doctor.

Common sense is your best guide when you answer these questions. Please read the questions carcfully and answer cach one honestly: check YES or NQ

YES NO
O [0 1. Has your doctor ever said that you have a heart condition and that you should only do physical activity
recommended by a doctor?
O [0 2. Do you feel pain in your chest when you do physical activity?
O [0 3. Inthe past month, have you had chest pain when you were not doing physical activity?
O [0 4. Do youlose your bal b of dizzin or do you ever lose consciousness?
O [0 5. Do you have a bone or joint problem (for example, back, knee or hip) that could be made worse by a
hange in your physical ity?
O [0 6. Is your doctor currently prescribing drugs (for example, water pills) for your blood pressure or heart con-
dition?
O [0 7. Do you know of any other reason why you should not do physical activity?
If YES to one or more questions
Tak with your doctor by phone or in person BEFORE you start becoming much mare physically active or BEFORE you have a fitness apprasal. Tel
you your doctor about the PAR-Q and which questions you answered YES.
* You may be able to do any activity you want — as long as you start siowly and build up gradually Or, you may need to restrict your activities to
answered those which are safe for you. Tak with your doctor about the kinds of activitics you wish to partidpate in and follow his/her advice
= Find out which community programs are safe and helphul for you.
- DELAY BECOMING MUCH MORE ACTIVE:
No to a" queStlons * if you are not feciing well because of a temporary diness such as
If you arswered NO honestly to all PAR-Q questions, you can be reasonably sure that you can: a coid or a fever — wait until you feel better; or
* start becoming much more physically active — bogin siowty and buid up gradually This s the * if you are or may be pregnant — tak to your doctor before you
safest and casicst way to go. start becoming more active
* take part in a fitness appraisal - this 5 an excelient way to determine your basic fitness so
that you can pian the best way for you to fve actively Rt is also highly recommended that you PLEASE NOTE: If your health changes so that you then answer YES to
have your bicod pressure evaluated. If your reading is over 144/94, tak with your doctor any of the above questions, tell your fitness or health professional
before you start becoming much more physically active Ask whether you should change your physical activity plan.
Infoemed e of e A0 The Canadian Socety for Exercme Physiclogy. Health Canada, and thar agents assume no labiliy for persors who undertake physical actwty and # in doute sher commpletng

thes quesbonnarre, consalt your doctor prior to physical actwity

No changes permitted. You are encouraged to photocopy the PAR-Q but only if you use the entire form.

NOTE: § the PAR-Q iz being given 10 a persan before he or Zhe particpates in 3 physical actaity program or 2 fitness apprasal, this secson may be wmed for legal or admneratve purposes.

™1 have read, understood and compicted this questionnaire. Any questions | had were answered to my full satisfaction.”

NAVE

SINATURE DATE
SIUNATURE OF PRENT MTNESS
o0 GLAPDUAN (Yo par Soparts under The age of mapndy
Note: This physical activity clearance is valid for a maximum of 12 months from the date it is completed and
becomes invalid if your condition changes so that you would answer YES to any of the seven questions.
o Y A
qﬂh 5 Canadian Society for Exercine Physciogy Supported by l*l s conliied oo othics sids: -
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Physical Actiaty Readiness
...continued from other sde = Questornaire - PARQ
{revised 2002)

b e mine e Get Active Your Way, Every Day- For Life!
0‘104-’ — -~ three grospe: Scwrints sy sccumitste B0 mardtes of physce acthely
overy duy 10 sy healiy o mprove your healh. Ax

FOU BrOGress D mockeale acteis you can ol dowe 1o
30 et 4 chiys 8 weske Add-up your acinelies in penods

to Mesithy Active Living 'ﬂ o~ |ldn- of ¢ bt 10 maveten aach. Start skowdy.... and buikd up

Time needed depends e effort

Physical activity improves health.

Every IRthe Bit courns, but 10 & oven
INater - everyens can do it!

Gt acthes your way -
build phyuical activity
Ineo your dadly Bfe.

You Can Da It - Getting started {4 saniur tham you thisk

* i hore
o a whosl Prrpscal actaity dome | have 1o be very hard. Suild physicsd
SR o your dasly rouine
- o work
0 Wals whesever pou cam - get Start woth & 10 merute walk -
. at play Starting slawdy is very off Sve b warly, use T Shers ARy neie tu trra
aale for renst posple iradmad of (ha whrestor et ol about wading ard
* on e way Sct wn? Comalt your Reduce inactaly for long Cyciing pedis nusrtyy and
thats Seax profesuonel. periocs, ke walching TV uss harn
- Get up brom the cosch and Ctaerve u phyvos scinity
ative Ivieg! for a cogy of the lreich andt bend for & bew :-lhnllm—‘llnlrvll
Gasde Mondbock and i svery houe ¥ orm Chiod 1 ! - you dom |
wore irformaticec 7 2" -:).“r) :I::v-v e e t:'nu:: - lorg-term
1-BEB-334-97€9, =1 + Croaee 1o wal e cormerelma:
cycie for ahort g Do e actiins you are dung

now mose often
Lating woll 1 s
mportast. Foliow
Lanads's Food Ganse
3 Healtty faticy to
waks wiw food chakes.

Benatits of regeler actretty Muatth risky of fnactiviey:

sy Sarw Cosndinn Socety e
Bel 0 2L Kaoviins Muaings @

Source: Canada's Physical Activity Guide to Healthy Active Living, Health Canada, 1998 -
© Reproduced with permission from the Minister of Public Works and Government Services Canada, 2002

The foliowing companion forms are avaflable for dociors” use by contacting the Canadian Society for Exercise Prysiclogy (address below):
The Physical Activity Readiness Medical Examination (PARmed-X) - to be used by doctors with people who answer YES to one or more
questions on the PAR-Q

The Physical Activity Readiness Medical Examination for Pregnancy (PARmed-X for Pregnancy) - to be used by doctors with pregnant
patierés who wish 1o become more active.

References:

Arraix, GA, Wigic, DT, Mao, Y. (1992). Risk Assessment of Physical Adtivity and Physical Fitness in the (anada Health Survey
Folow-Up Study L Clim. Epidemiol. 45:4 419-428.

Mottola, M., Woffe, LA (1994). Adtive Lving and Pregrancy. It A Quinney L Gauvin, T Wal |ods.), Toward Active Living: Proceedings of the International
Conference on Physical Activity, Fitness and Health. Champaign, I Human Xinetics.

PAR-Q Valdation Report, British Columbia Ministry of Health, 1978

Thomas, 5., Reading, L, Shephard, R.L (1992). Revision of the Physical Activity Readiness Questionnaire (PAR-Q). Cam. L. Spt. Sci. 17:4 338-345,

For more information, please contact the: The onginal PAR-Q was developed by the British Columbia Ministry of Heakh. It has
AN been revised by an Expert Advisory Committee of the Canadian Scaety for Exerdse
Canadian Sodety for Excrdse Physialogy Physialogy chared by De N. Gledkill (2002).
202-185 set Street West
= s Disponible en frangais sous ke fitre «Questionnaire sur Taptitude a I'activité physique
Ottawa, ON K2P 012 - QLARP (revisé 2002)s.
Tel. 1-877-651-3755 « FAX [613) 234-3565
Onfine: wew.csep.ca
= ’ : Ith 2
%( © Canaskian Society for Exercize Physioogy Supparted by. IQI g:ﬁada (S::::da
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APPENDIX G: SOCIO-DEMOGRAPHIC AND BASIC HEALTH INFORMATION
QUESTIONNAIRE

LIFESTYLE QUESTIONNAIRE

DEMOGRAPHIC AND SOCIOECONOMIC DETAILS

1. How many people living in your household, including you?

2. How many rooms do you have in your house (including kitchen, lounge, dining room,
bedrooms)?

3. In your home, how many rooms are there just for sleeping?

4. How would you describe your home (tick the one that best describes it)?

House Flat/Cottage/Townhouse Residence/hostel
Shack/Zozo Government housing (e.g. Room in backyard of
municipal/RDP housing) house (or shared
house)

5.  What type of household water do you h access to?

Running water (tap Protected dug out well Public tap/standpipe
water)

Piped water into Unprotected dug well Tanker truck/cart with
yard/plot small tank

Surface water Protected spring Rain water

6. What type of toilet do you have?

Flush to piped Protected dug out well Bucket
sewer system system
Flush to septic Ventilated improved pit (VIP) Other
tank latrine

Traditional pit No facility or bush or field

toilet

7. Which of the following do you have in your household at the present time?

YE | NO YES | NO
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Electricity Telephone
Television Video machine
Radio Microwave
Motor vehicle Computer

Fridge

Cellular telephone

Stove and oven

Mnet

Washing machine

DSTV

8. Household food insecurity access scale

1. In the past four weeks, did you worry that your household would not have enough food?

1. No

2. Rarely

3. Sometimes

4. Often

2. In the past four weeks, were you or any household member not able to eat the kinds of foods you preferred
(i.e. VEGETABLES, FRUIT, MEAT/CHICKEN NOT “luxury” food such as pizza, burgers or fried chicken ) because of

a lack of resources?

1. No

2. Rarely

3. Sometimes

4. Often

3. In the past four weeks, did you or any household member have to eat a limited variety of foods (e.g. Pap

with NO meat OR pap with sweetened water) due to a lack of resources?

1. No

2. Rarely

3. Sometimes

4, Often

4. In the past four weeks, did you or any household member have to eat some foods that you really did not

want to eat because of a lack of resources to obtain other types of food?

1.No

2. Rarely

3. Sometimes

4, Often

5. In the past four weeks, did you or any household member have to eat a smaller meal than you felt you

needed because there was not enough food?

1. No

2. Rarely

3. Sometimes

4. Often

6. In the past four weeks, did you or any other household member have to eat fewer meals in a day because

there was not enough food?

1. No

2. Rarely

3. Sometimes

4, Often

7. In the past four weeks, was there ever no food to eat of any kind in your household because of lack of

resources to get food?

1. No

2. Rarely

3. Sometimes

4, Often

8. In the past four weeks, did you or any household member go to sleep at night hungry because there was not

enough food?
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1. No 2. Rarely 3. Sometimes 4. Often

9. In the past four weeks, did you or any household member go a whole day and night without eating anything
because there was not enough food?

1. No 2. Rarely 3. Sometimes 4. Often

9. Marital status:

Single Divorced/separated

Married Widowed

Living with partner, not married

10. How many children do you have?
11. What are the ages of the children?
12. Education (last standard passed):

No formal education Std 8 (Grade 10)
Sub A/B (Grade 1-2) Std 9 (Grade 11)
Std 1-3 (Grade 3-5) Matric (Grade 12)
Std 4-5 (Grade 6-7) Tertiary education
Std 6-7 (Grade 8-9) Other

Are you:
Employed A student
Unemployed Informal
Other:

13. If employed, What work do you do?

14. Monthly Household Income:

RO to 2500 R10 000 to 15000
R 2500 to 5000 R15000 to 20000
R5000 to 7500 R20000 to R30000
R7500 to 10 000 Other range:
15. How many people do you support with this income? Adults Children:

16. What language do you speak at home?

274 |Page




17. Do you own a car? YES NO

FAMILY MEDICAL HISTORY

Do you have a close blood relative (father, mother, brother, sister or child) who has ever had any of
the following conditions:

YES NO | Don’t | Comments
Know
High blood pressure If yes, who?
Heart attack or angina or chest pain when If yes, who?
exerting himself/herself
Was this relative younger or older than At what age?
50 years old when they first had a heart
attack, angina or chest pain?
Stroke If yes, who?
Diabetes If yes, who?
Adult/child onset?

Obesity If yes, who?
(Were they abnormally large? Or have
difficulty moving?)

MEDICATION & SUPPLEMENT USE

Do you use nutritional or other supplements? YES oo

If YES, name the supplement, what is it used for, dosage,
frequency and duration of use.
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Do you use any herbal medicine? YES .o

NO .o
Name of herbal medicine, what you are using for, state
the dosage, frequency and duration of use.
Have you been sick in the past month? YES .o
NO .o

If YES, what sickness?
8.9.1 Did you take medicine? (yes/no box)

What medication(s) did you take? State the dosage,
frequency and duration of use.

BODY IMAGE ASSESSMENT

1. How would you rate your health?

Poor

Average

Good

Excellent

2. How would you classify you weight?

Underweight

Normal weight

Overweight

Obese

3. Choose the method that you used / are using to lose weight:
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Reduced the amount of food | eat

Starve myself

Exercised more

Use weight-reducing medications

Skip more meals

Other

Use a specific diet:

N/A

4. Choose the method that you think caused you to gain weight

Increase the amount of food | eat

day

Eat more meals than | usually eat each

Exercise more

intake:

Take supplements to increase energy

Use a specific diet:

Other or N/A

o a 0O
A B C

5. Choose the picture of a woman that you think is

g O
D E

o O
F G

-

H

Thin

Normal weight

Fat

Which of the pictures do you think you look the most

like?

Which picture would you want to look most

like?
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MENSTRUAL CYCLE

1. What was your age when you had your first period?

2. Do you have regular periods? YES NO

If no,

explain

If yes, select average time between cycles:  25-30 DAYS 30-35 DAYS >36 DAYS

3. What day of your cycle are you on (Day 1 = first day of
bleeding)?

4. How many pregnancies have you
had?

5. When was your last
pregnancy?

ALCOHOL INTAKE

1 standard drink is equal to 10 g of pure alcohol:
» 200 ml of beer
> 1 glass of wine
> 1 tot (25 ml) spirits
1 small glass (50ml) of sherry/port

1. How often do you have a drink containing alcohol?

Never 2-3 times per week

Monthly or less 4 or more times per week
2-4 times per month

2. On atypical WEEK day, how many drinks containing alcohol do you drink? (how many
standard drinks)

lor2 7,80r9

3or4 10 or more
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3. On a typical WEEKEND day, how many drinks containing alcohol do you drink? (how

many standard drinks)

lor2 7,80r9
3or4 10 or more
50r6 0

GENERAL SELF-EFFICACY QUESTIONNAIRE

Answer the next 10 questions in terms of how much the statement describes you.

Definitely
not

Disagree
slightly

Agree
slightly

Exactly
true

I always manage to solve problems if |
try hard enough

If someone opposes me, | can find the
means and ways to get what | want

It is easy for me to stick to me aims and
accomplish my goals

I am confident that | could deal well with
unexpected events

Thanks to my resourcefulness, | know
how to handle unforeseen situations

I can resolve most problems if I invest
the necessary effort

I can remain calm when facing
difficulties because I can rely on my
coping abilities

When | am confronted with a problem, |
can find several solutions
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If I am in trouble, I can usually think of a
solution

I can usually handle whatever comes my
way
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APPENDIX H: SLEEP LOG DIARY

Code: Name: Issue date: Return date: 13 April (Week4)
DAY DATE WAKE UP TIME SLEEPING TIME
(Example) DAY 0 5/4/2016 8:15 10:30pm
Day 1 6/4/2016
Day 2 71412016
Day 3 8/4/2016
Day 4 9/4/2016
Day 5 10/4/2016
Day 6 11/4/2016
Day 7 12/4/2016

INSTRUCTIONS:

7
L X4

Please wear all the equipment from the date of issue until the last date stated on this

form

%+ Only remove the red equipment during bathing/shower. Otherwise, the equipment

7
A X4

should be worn all day long, including sleeping time.

Please only log in the time you wake up in the morning (open your eyes in the

morning) and sleep (closing your eyes for sleep at night)
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APPENDIX I: FOCUS GROUP DISCUSSION AND IN-DEPTH INTERVIEWS

INFORMED CONSENT FORM

The effect of a 12-week exercise training intervention on cardio-metabolic risk factors,
and sedentary behaviour and physical activity patterns in obese black South African
women:

Perceptions of a 12-week exercise training intervention amongst overweight and obese
black South African women: a qualitative study.

According to the 2013 South African National Health and Nutrition Survey (SANNS)
overweight and obesity prevalence in the population 15 years and older was significantly higher
in women than men. Overweight and obesity are known risk factors for non-communicable
diseases (NCD’s), particularity Type 2 diabetes mellitus (T2DM). In South Africa the
prevalence of Type 2 diabetes mellitus is higher in women than in men and increases with age.
Furthermore, the increased prevalence of Type 2 diabetes mellitus has been shown among
black South Africans residing in areas including Khayelitsha, Langa, Gugulethu and Cross
roads in Cape Town. South African 2013 statistics ranked diabetes mellitus the fifth leading
cause of death for 3 consecutive years. With the Western Cape Province reporting the highest

percentage of deaths due to Type 2 diabetes mellitus.

Scientific research shows that moderate and vigorous intensity physical activity (MVPA)
contributes to the prevention of Type 2 diabetes mellitus. Also, regular exercise help reduce
weight, blood pressure, total lipid profile and blood glucose. There is evidence on the
effectiveness of regular exercise on weight loss and reduction in the risk of Type 2 diabetes
mellitus. However, to our knowledge there is no research study that has investigated
participants’ perception from taking part in the exercise intervention. Therefore, the main aim
of our study is to conduct focus group discussions and key informant interviews for the purpose

of obtaining participants’ perception about the exercise intervention.
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The focus group discussions will be approximately 60 minutes in duration and will be audio
recorded with the consent of the participants. These focus group discussions will take place at
the same venue as the exercise sessions. A trained facilitator will conduct all the focus group
discussions using guided questions. This will include open-ended questions such as: ‘Did you
enjoy the exercises?’; ‘As a control group participant why did you decide not to participate in
the exercises even though you were given the option to do so?” and “Would you recommend
other women in your area to start exercising?’

Incentive to participate in the focus group discussions

The participants will receive R50 to cover their transport costs to the venue and R20 to
compensate them for their time and inconvenience. Refreshments will be offered at all sessions.
Ethical considerations

A trained facilitator who is fluent in English and Xhosa will conduct all the focus group
discussions and key informant interviews. Participation is voluntary and participants’ privacy
will be projected at all times (No names will be used in the report). Participants will be informed
that they have the right to leave the focus group sessions at any time during the discussion. All

participants will be required to sign a informed consent form prior the group discussions.

Perceptions of a 12-week exercise training intervention amongst obese black South
African women: a qualitative study.

INFORMED CONSENT

| the undersigned (the

participant) hereby agree that | have fully read and understood this form and that |
understand the nature, purpose and procedures of this research study entitled:

Perceptions of a 12 week exercise training intervention amongst overweight and obese black
South African women: a qualitative study. Conducted by UCT/MRC Research Unit for

Exercise Science and Sport Medicine at the University of Cape Town.
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I have agreed to participate in the focus group discussions and key informant interviews which
will be conducted by a trained facilitator. | am aware that the focus group discussions and the
key informant interviews will be audio recorded with an electronic device and that the
facilitator might also write down notes of what will be discussed during the group discussions
and key informant interviews. I also understand that data gathered through the group
discussions and interviews will be analysed anonymously. I also understand that due to the
nature of the group discussions, the confidentiality of the discussions that take place cannot be

guaranteed to me as a participant.

My agreement to participate in this study is voluntary and | am aware that I can withdraw
at any stage that | feel appropriate. On the basis of the above, | hereby agree to participate
in this study.

Any questions regarding this project maybe directed to the principle investigators; Dr Lisa
Micklesfield Tel: 021 650 4570; e-mail lisa.micklesfield@uct.ac.za, OR Miss Lindokuhle Phiri
Tel: 084 278 6310; e-mail greeni lindokuhle@gmail.com.

If you have any complaints or queries that the investigators have not been able to answer to
your satisfaction, you may contact Prof Marc Blockman on 012 406 6338 at the Faculty of

Health Sciences Human Research Ethics Committee; University of Cape Town.

Name of participant:

Participant Signature: Date:

Participant code:

Name of Researcher:

Researcher Signature: Date:
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following a 12-week structured
exercise intervention
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Background: Previous research has shown that Black South African (SA)
WOMMER peroeive a bigger body Size 1o be acceplable and desicabde, but
nonetheless have shown interest in participating in community-based exercise
programmes. This study aimed to investigate perceptions and experiences
of participating in a 12-week exercise intervention designed to study the
mechanisms of insulin sensithvily and secretion in young Black 58 wamen
with obesity.

Methods: Cualitative data was collected from young (23 + 2.9 years) Black
SA wormen (n = 17) residing in a low-income setting in Cape Town, who took
part in & 12-weeh structured exercise intervention. Focus group discussions
(PGl and in-depth intenvews (D1s] were comnducted 1-4 months after the
complatian of the intervention, Thase were all audio recorded and taak
between 45 and G0min. The recordings were transcribed, translated and
qualitative content analysis, entailing a systematic process of coding and
identification of salient themes, was conducted using the ATLAS software
Results: Six broad themes were identified from participants’ experiences and
perceptions: motivational factors, acceptability of the programme. barrers,
sustainability and influencing others, benelits of being physically active,
definitions and perceptions of exercise. Anticipated weight loss and financial
remuneration were identified as motivational factors for enrolment and
retention in the exercise programme. Aspects of the training emvironment and
feelings of wellness appeared in the acceptability, sustainability and benefits
themeas, whereas time scheduling and travel constraints were regarded as
barriers, Exercise was perceived as the maintenance of a healthy body, and
in sarme cases, only relevant for specific groups
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Conclusion: Financial considerations played an important role in participants
enrolling and staying in the 12-week exercise intervention, Participants
liked mary aspects of the intervention and identified physical and mental
benefits that seemingly outweighed the barriers and disliked aspects of
the programme. Optimizing the acceptability of exercise programmes and
maximizing the apportunity for participants to experience improved mental
L= Birvg rmany contribube ta attracting arnd retaining young Black 58 wamen
in BXEFCISE pPrograrmmes.

HEFWORTE

exercise, training environment, barriers and facilitative factors, self-efficacy, weight

lozs

Introduction

Participating  in
consistently  linked with  improved  physical and  mental
will-being (17 and has boen shown to play an important role in
obesity management {2}, Studies have shown black South Africa
(5A) women prefer a bigger body size as it is associated with
beauty, dignity, confidence {3k respect from others, happiness
and wealth (4, 5), with some women commenting that “Cur
culture says that you are supposed to be fat” (6). African women,
therefore have historically not perceived obesity as a threat
to their health (71 and on the contrary have been reported o
perceive thinness to be asociated with diseases such as Human
Immunadeficiency Virus (HIV), Acquired Immune Deficiency
Syndrome (AIDS) and tubercalosis (TR) (8, %),

Maore recently a transitbon In the perception of obesity
toward Western norms of thinness in young 5A women
have been reported (10, 113, However, the latest South
African Demographic and Health Survey showed that ~&7%
of Black SA women are overweight or obese (12), which has
oceurred alongside reduced physical activity and an increase
im the prevalence of non-communicable diseases {NCDs) (13),
Accordingly, exercise interventions designed to alter physical
activity patterns and prevent the development of NCDs in
young women with abesity are warranted, Findings of previous
qualitative work in eur study community reported that young
Black 5A women from a low-income setling were interested

in participating in community-based exercise interventions that

regular  physical  activity  has  been

Abbrevations: AIDS, Acquirsd Immune Defciercy Syrdrome; ARCAWA,

Analyses of wvariance; BMI Body Mass Indes; FGDs, Foous groun
discussions. GCP Good Clinical Practice; HR, Hearl rate; HIW,
Human brenunodeficiency Virus: HREC, Human Research  Ethics

Commates; |Dis, In-gepth interdews; KCH, Intemational Conference
on Harmonization: HR,,, Maximum hear rate; ¥HR,, Percantage of
masimurn heart rate; S0 Stardard devations: S8, Soulh Alrica: ZAR,

South Afican Rands; 5T, Sunthemes; T, Themes
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incorporate dancing, aerobics and lifting weights as a strategy 1o
lose weight and improve health (5).

However, there are barriers to engaging in physical activity
i people living In resource-constrained environments, which
include lack of time, cost, accessibility o facilities, other
people’s perceptions and unsafe residential environments (14},
Haowever, little is known about how these barriers conspire to
affiect the adherence and sustainability to a structured exercise
programme. It is anticipated that exploring women's perceptions
and experiences of “exercise” after participating in an exercise
intervention will assist in identifying barriers, enablers and
goals that can be used to design fulure long-term exercise
interventinns. .ﬂ.cmﬂ]i:@\l.-. this stud}' aimed to inv:xﬁ!pmg the
perceptions and experiences of o 12-week stroctured exercise
intervention in a group of young Black 54 women with obesity

fromm a low-resource setting.

Materials and methods

Setting and exercise intervention

This qualitative study incledes a sub-sample of women
whir participated in the primary study that examined the
mechanisms underlying changes in insulin sensitivity and
secretion in response tooa 12-week exercise intervention in
young Black 5A women with obesity (15). The detalled protocel,
trial registration (PACTRZ0711002789113), methods, consert
diagram and haseline characteristics of the participants in the
primary study have been previously published (15). The study
was approved by the Human Research Ethics Committes at
the University of Cape Town (HREC REF: 054/2015). This
study was performed in accordance with the principles of the
Declarations of Helsinki {1964, amended last in the Fortaleza
Brazil, 2013) International Conference on Harmonization
(MCH) Goodd Clinical Practice (GOP), and the laws of South
Africa, Participants provided written informed consent prior to
screening and testing procedures.
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The first author was a PhID fellow at the time of the study. She
has experience in qualitative research and is an exercise specialist
with am bnterest b community-based exercise interventions,

Participants and intervention design

The participants were a convenience x:mp|e of Khos-
speaking women recruited from a low-socioeconomic area
in Cape Town, 5A. Based on the 20015 City of Cape Town
socioeconomic profile, low-income areas are classified using
averuge household income (1), The selected area is classibied
as & low secioeconomic area, with only 31% of the participants
earning more than 5,000 Seuth African Rands (ZAR), equivalent
to 290 United States Dollars (31 2 maonth (168).

Farticipant recruitment ensured the following inclusion
criteria: (i) South African women self-reported Black (both
parents saXhosa)l and between the ages of 20-35 years; (if)
ne surgical procedures within the last & months; (i) weight
stable {weight not changed more than 5kg or no change in
clothes size over the past & montha); (iv) phiysically inactive {self-
reported = 60 min a week of regular physical activity andfor
planned maderate to vigorows intensity physical activity); (v) on
injectable contraceptive (depot medroxyprogesterone acetate,
A0 milligram {mel: (vi) oo keown metabolic or inflammatory
diseases; (vii) no hypertension, diabetes, HIV or anemia; (viii)
not taking any medications; (ix) non-smaokers: (x) not currenthy
pregnant or lactating: (ki) no orthopedic or medical problems
that may prevenl exercise participation; (xii} obese (body mass
index (BMI) between 30 and 40 I:E,I'mj. At haseline, BMI
was measured and socio-demographic questionnaires, including
age and measures of education and employment statas, were
completed by the participants with assistance of an isiXhos-
speaking research assistant,

Forty-five women met the inclusion criterla and were
randomized into either an exercise group (v = 23} who
participated in supervised aerchic and resistance exercise
training: #0-60min, 4 days per week, or a control group [
= 12} who were asked 1o maintain thelr normal physical
amd  dietary  behaviors.  The  project  manager
conducted  block  randomization  after  the  participants
commpleted  the  pre-intervention  screening W ensure  that
researchers performing the testing were blinded 1o group
allocation, A final sample of 35 participants completed the
20 in the exercise groups » = 15 in the

activity

intervention {m =
contral groupl.
Both groups were encouraged o maintain their normal
dictary patterns. The exercise sessions were prescribed and
included both aerobic and resistance training, and  were
conducted in a group setting and supervised by an exercise
specialist registersd with the Health Professions Council of
Sputh Africa (HPCSA) Participants in the contrel group
were provided the opportunity to participate in the exercise
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sessions following the completion of post-intervention testing,
Eight contral group participants opted to join the exercise
sesslons, Heart Rate monbtors (A300, Vantage NV, Polar,
Finlamd) were used to monitor heart rate (HR) durinl.l; avery
exercise session, The acrobic training component incheded
dancing, running, skipping. and stepping at 75-85% of
peak HE. The resistance exercises started with participants
using their own hln]:r might [14] F!chu'm exercises such as
squats, lunges, and push-ups, Participants then progressed
to using equipment such as elasticated bands and weights,
Both aerobic and resistance exercises were altered 1o ensure
pr\ogrﬁsinn aned 1o maintain the rﬂ]_u'ir\gd inil:‘TI.ﬁ'Il':" thr\olu.ghnut
the intervention. Participants received a total of 5800 ZAR
over the course of the stedy which covered 30 ZAR per
day to cover their transport cests to the training venue
(4 = training sessions per week for 12 weeks, plus 3
monthly monitering visits). Furthermore, to compensate the
participants for their time and inconvenience, they were
reimbursed 20 ZAR per hour for each training session and
50 ZAR per hour for the testing sessions (total of 17h of
testing and monbtoring). The control group were similarly
reimbursed for the testing sessions, and if they chose 1o
participate in the exercise sessions post-intervention, they were
similarly compensated.

Post-intervention qualitative data
collection and analysis

Focus group discussions (FGDW) and in-depth interviews
(10Ls) were conducted in 2007, 1-4 months after the completion
of the 12-week intervention to ensure that there were enough
participants for each group discussion, All recruited participants
(1 = 45) were invited telephonically to participate in the FGDs,
Farticipants who dropped out of the intervention (r = 10) and
Partidpanis in the control group whas Tejecred the (u]l]l-clu'tulnil‘:,I
to participate in the intervention at the end of the stady (n = T},
were also contacted, with the intention to understand potential
barriers relating te participating in the intervention. However,
we were cither unsuccessful in contacting these participants
or they were not willing to participate. During the telephone
recruitment for the FGDM, participants were informed that
they would be remunerated with B30 ZAR to compensate for
their transpart, time, and inconvenience to participate in the
FGD, Two of the eight participants in the control group who
completed the pest-intervention exercise training participated
i the interviews, Participants who seemed to have the strongest
opinions during the FGDs were invited to participate in the
1005, optimizing the opportunity to further explose the themes
identified and adding to the richness of the information collected
during the FGI {17). The moderator and the scribe selected
these participants in a debriefing session after each FGD, using
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the notes taken by the scribe to consider the flow of the group
discussion and the contribution of the various participants.

The semi-structured focus group questions were formulated
by the ressarch group and were based on previous gualitative
work done in & similar group of women from the study
community {6}, Following the question fermulation, we sought
wndependent input from external researchers with extensive
experience in working with women from similar settings,
The focus group questions were aimed at investigating the
participants” perceptions about the exercise intervention, and
barriers and mativators that might have influenced compliance
during the exercise intervention (Table 1), The IDIs contained
a single open-ended question. The interviewer allowed the
participant to share her experiences of the exercise sessions
(Table 1), while prompting her to elaborate on slient points
arising from the focus groups, The purpose of the D05 was
to eliminate the influence of others’ opinions that could have
oceurred during the FGDs (18],

A trained facilitator and scribe who were fluent in bath
English and Isi¥Xhosa, the vernacular of the study population,
conducted all the FGDs and [Dls. This ensured that no
participant was excluded from the FGD because of language
harriers, At the start of each FGD the facilitator and scribe
introduced themselves and explained the purpose and reasons
for doing the research. The FGD and interviews were audio
recorded and a scribe made notes during the FGDs, The FGDs
and IDMs were conducted at 4 venue at the university and
tock between 45 and 60 min. No time restriction was set for
these discpsgions and the duration was deemed appropriate
for the number of participants in the FGDs and the question
sthedules, The audio recordings were transcribed from [siXhosa
nto English by an independent translatos, fluent in both English
and IsiXhosa. The accuracy of the transcriptions bath in tone
and language were checked against the notes taken by the scribe
by the: first author,

The first awther (LP} applied qualitative content analysis
to analyse the transcripts (19} wsing the Atlasti Qualitative
Diata Analysis Software (Scientific  Software  Development
GrnbH, Berlin, Germany). This methodological approach
allawed d.ﬂ:ripl'um and interprefation of the data using
quantification of the data to develop themes, The analysis
process started with reading the transcribed data in detail.
Thereafier, a consensus process of drafling a coding framework
was followed with another researcher (AN and the codes
were then systematically applied to the transcripts. [f relevant,
applicable codes were applied more than once to the data
generated from the same participant. Main themes and sub-
themes were then generated by LP and reviewed by baoth
LF and ALY afier which <lear definitions and pames for each
theme and subtheme were generated. These were checked
h:f the rest of the research growp and :uwsﬂ:ﬂ] d’unges
were incorporated in the final document. Data saturation
was achleved in the sense that all intervention and control
participants, and all dropouts, were invited 1o participate in
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TABLE 1 Foous group discussion and in-depth interview guestion
schidulies

Numhber  Interview schedules

Fecns group discussion questsons
1 Can you plese briefly share with s what yeu have bees up 1o

mingw we last sawe pouf

[

‘Whal is the first thing that comes b mind when you bear the
wied “eniEiseT

] ‘Whal are your perceptions abow exercise?

4 Wil are s of thi things ta inlluencal o to i e
wxercise sessiomst This can gither ke barriers or motivating fciors
Wit did o like the mosr dbour the exeiciee seiioe:?

‘What did you not like about the exercise sessionst

Hinw i the enerise training affisct your daily lie?

‘What did your friends and Emily have o say when they found
it that you are exercising?

o Is there anything that could be changed abowt the exercise

training sesslons 10 enooarge You 10 continue exercising and for

T ]

s Frigiids and family to san sxercsing?

1% OIf all he questions: that were discussed today, is there ome whach
vt fise] ek the: Mt impomant o you?
Tn-depah interview question

1 Hinwr did yois experience the exercie sessons?

the qualitative study and all those who agreed, took part
in the FGDs The voices of most of the parlicipants were
therefore heard and additional data was collecied rhrwgh
the ID0s to ensure that all issues raised in the FGDs were
adequately explored.

Results

Descriptive characteristics of the participants have been
described elsewhere (200, The women were all of isiXhosa
ancestry and from a low-income community. From all the
contacted parficipants, 17 participants agreed to participate
im the PGDs (Exercise, v = 15 Control, # = 21 There
were no differences in age (24 £ 4 ve 24 & 4 years), BMI
(332 £ 24 ws 343 %= 30 ky;."'m:] wr socio-demographic
characteristics, including education {7 vs. 5 participants with
tertiary education), houschold income (75 va, 72% carned
=R5000/month) or howsing density (1.3 = 0.6 va. 1.4 £ 0.9
people living in the household/room, betwesn the participants
who agreed to participate in the FGIY and those who did
nat, respectivily.

Five of the FGD Parl.i:i'pints were sebected {Exercise, n =
4; Control ® = 1) to complete 10s. Two FGDs (PG 1 and
21 comprised of only exercise participants who completed the
intervention, amd the other two FGDs (FGD 3 and 4) included a
mix of participants from the exercise and control groups, Each
FGID consisted of between three to five participants {Figure 1},
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Participant distribution for the foous graeps decussans (RGO
and in-depth interiess 100

Perceptions of the exercise intervention
and the perceived barriers and facilitators

Six themes (T) with 2-3 subthemes (ST each were identified
during the amalvsiz process. These themes and subthemes are
presented in ‘Table 2 Numbers included in the table reflect the
number of fragments of experiences and perceptions brought
together to first form the subthemes and later the main themes,

Table 2 shows that experiences relating 1o motivation and
the acceptability of the intervention were the themes with the
most quotations attached to them. These were followed by
barriers experienced; sustainability and being an infloencer; the
perceived and expersenced bemelits of exercise, and kastly how
the term “exercise” was perceived and defined,

Figure 2 presents these themes as described in the following
presentation of the results and shows some of the possible
associations and overlaps between the variows themes and sub-

themes,

Theme 1: Motivational factors

During the analysis process, factors that the participants
perceived 1o play a motivational role during the intervention
were grm.lped 1ng¢th¢r into btwo sub-themes nam!hl.- [N]
those factors that motivated the participants te enroll in the
intervention, and (2] factors that kept the participants in the
mtervention. These identified factors are o be distinguished
from the aspects that participants liked about the intervention
which are included in the next theme (acceptability of the
programime). Although there are overlaps, the codes informing
this theme were drawn xpzl:irlca":r from discussion points
arcund what motivated the participants to enroll and then stay
I the intervention.
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Motivation to enroll

Extrinsic factors played an important role in the decision
of paricipants to enroll in the intervention. Percerved Anancial
advantage was mentioned by participants in all FGDs and
some D5, This was followed by anticipated weight loss with
seme participants indicating that both factors played a role in
their decisions,

“The THAREY, Fevasse | was ke, T saw rl':q'.]l.n.upr'n'c.'. then
I sld okay this s so moch moemep, then T was ke T weed
money, and this (s going to help me in many things e |
weed , (TD: Participant 36; exercize l|‘au'|rrr'a.'fpnzl.lt:l.

“My personal goal was basically to Tose weight. T wanted

ta see Row meck weight T ocosdd Tose within those three

monthe ... " {1DI: Participant 15; exercise parlicipani ).
“This exercise sessions [ was _?rl.:I?!,: tor dovse |-.-|'|:_i;.||.‘. I was
going to be on googd shape, awd [ was geing o ger money”

[FGD 4: Participant 45; eontrod participant).

The in-depth  interviews revealed  additional  insight
it why financial considerations were w0 important, with
participants reporting that 1||q.- hnuﬂh hasic food {often refined
carbohydrates) with the money,

“The hamper. The rice, the mealic meal, the flowr

and the  sugar,  white sugar’, (IDL Participant 19

exgrcise participant).

Mativation to continue

Participants reperted both extrinsic (Anancial, weight loss,
training environment and support from others) and intrinsic
(enjoyment and mental wellness) factors that motivated them o
remain in the intervention. Financial considerations remained
impartant even in the face of challenges to continue.

My

especially the 4 o'clock one because 1w

time was alie .'l_f_i‘;';letl' by the exercise sessions,

vuld end up pering

hame @ alowt Tpen T owould arvive kome late and that
wondd affect sy comking schedide, and they wosdd showut
| at me at fome for being late, but [ odidnet give ap
g money.” (FGIN: Participant 313

Because [ wonld be g

exgrcise participant).

The participants felt toned and fitter as they could
noww walk leng distances faster and climb stairs without
becoring breathless.

| But then T adldn 't really core wbowr Tosing weight becmwse |
actully feil finder, I e walk froon .. [subuch of Cape Town)]
ta keere in 10 minutes. 5o those were one of the rlljﬂp'lr'nr.' T el
the exercize sessiong really Relped me with” (1DM: Participant
23; gxereise participant).
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TABLE 2 Experiences and perceptions after a 12-week structured exercise imtervention.

Mumhber Theme Subthemes Mumber of guotations coded
1 Motivational factors Estrinsic [fwancial, weight loss, training esvironment) and arirsic 'E]
(enjivesent and mental wellness) malivalion o csstinue with the
wdervention
Earasic molivation o enmoll in the EBaervention (finascial and el
anlivipated weight lns)
Total quotatiens T
2 Exercise program scoepiability Asprcis ol wellness amd the braiming envirenmesd participants lked H
Aspects of the iraining environment as exerciee regime that 5
participunts didikal
Tatal guaotatisn: 5
5 Earmen Traved conslraints il
Timg 10
Tokal qualaticns ]
] Sustainabilivy and isfleencing others Serve as infuencer 15
Kiap on exercisng 4
Total quotatiens m
5 Benefits of being physcally active Improved self-efficacy 7
Disease prevelios isd reduced e kvl 5
Lifestle changes 4
Total quilatiens 1
i Diefinitions and perceptions of “exerdse”  Maintaining a heakthy body &
Changy in hady compusitinn 3
Fin and active 1
Total quolaticns L1}
Influence of family and friends also served as motivaters for that they don't even see that there i a problem. .. Bul what

participants from bath the FGLVS and [D0%,

“Tve got a lot of support frome my fomily. They actuaily
gave me the po ahewd, iF 0 i godng to work for yow, do it
We are helrind yau all the way. There was also a piving wihiere
I changed the way I eat, so they were alse supporking me in
that it my friemds also gor support frm Hiem, there was o
negativity”, (FGD2: Participant 2%; exercise participant).

"M_}' _Iﬁzmjl'y. le}' mativated me o e te th exercise
Irecaize it s important for the Realth”, (IDE: Particlpant 36
exercise participant ).

Other participants however reported remaining motivated
despite the npegative opinions of fhends and family. They
persevered with the intervention even though their families
expressed that their weight was “normal;” receiving remarks that
they cannot sew that they have lost any welght; or were warned
about the negative effects of losing weight.

"My friends, My family was ke no your body (5 oliy,

aned we love pou as you are. You don't have to lose weight;

i knaw how family is, They were fust so supportive of you

Fronters in Sporis and Active Living

abrout me? What about what § want? So, 1 fold |r|]'Jr-c.!|" ehrat
I am going te do it and T did it", (PG Participant X9;
exercise group).

Na, peaple were like, are you really exercising we see mo
difference. They were demotivating me and it was annaying
e because they say when pou exercise it like chemotherapy
pann fuast g and then comme oul very thin ke thin, extrenely
thir. It doesn't work like that. With exercize, it tokes time fo
show that pow are losing weight,”, (PGD4: Participant 15;
confrol groupl,

Theme 2: Acceptability of the programme
Parthcipants shared thelr experbences about participating in
the intervention and what they liked or didiked about the
exercise programme, providing insight into the acceptability
of the programme, The disliked aspect can be distinguished
from the barrier theme (theme 3) in that the barriers are
maostly logistical aspects that made it difficult for the participants
to attend the sessions while the disliked aspects were related
to various aspects of the exercise programme. Likes and
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T5: Benefits [of being physically
n<trvc)

T4

Sustainability
and influencing
othars

FIGURE 2
Tremes anag subthernes wih posasitle assacliations and overlaps

dislikes were equally distributed with many of the aspects
of the programme appearing in both the “like” and "dislike”
sub-themes, such as assistance from trainers and the types
of exercises.

Aspects that were llked

Four main aspects came to the fore when participants
discussed what they liked about the intervention. Three of
these relate to the training environment. Participants liked and
appreciated the support and assistance from the trainers and
research team, this was followed by the type of exercises, music
as part of exercise and lastly, wellness aspects (including
friendship, feeling energized and having fun),

Positive experiences around support from the Intervention
team included factors such as having patience with and
appreciating their challenges such as being late for the

exercise classes,

"The things that [ loved most about the exercise i the
aerobic sessions, the j‘url that when we are tired, instructors
would be patient with ws. They wonld be very supportive
(FGD1: Participant 24; exercise particlpant),

As highlighted in the previous quote, acrobics was the type
of exercise session that was enjoyed the most. Music was used

Frontiers in Sports and Active Living
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with all exercise and this ¢ t of the exercise
programme was enjoyed by many participants. The importance

L

of music was reiterated in the 1D1s,
In addition, participants enjoyed training in a group setting
and making new friends. This was reaffirmed in the 1D1s.
“The one thing thar | like the most is that we do (1 as a

growp, firsely. Its not like you're do

v it alone. I cise do it with

someane else, with people, that is wice and different types of
exercises that [ enjoyed is that what the guestion was abowr”

(FGD3: Participant 23; control group).

Aspects that were disliked

Five aspects of the intervention were identified by the
participants as contributing to negative experiences. The most
discussed were the training environment followed by the types
of exercises, time allowed for the exercises, the physical activity
monitoring equipment and lastly, the instructors,

The venue, outdoor exercises and  perceived
racial  discrimination  were  factors  in  the training
envir that ¢ ibutedd  to gative  experiences.

Concerning  the  racial  discrimination  some  participants
indicated that they sometimes felt unwelcome in  the
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training venue and perceived this to be because they
were black,

T feed like soometinees when we are here, other people
down there, were looking at ws badly becawse we are black,
r.ln,'J' wsed o way that we @re djj.'.urjhiwg e, ujpn'.inllj' when
there wins aodher class. They woudd wani gs fo put o sisic
sofiter Bad when we were outside, no one widd compliain ™,
[FGI: Pnrt'u:i]unt 1% exercise Imrﬁtipum:l.

Participants  sdentified that the heart rate  maonitors
were uncomfortable to wear, Some of the participants also
disliked certain high intensity exercises such as running
up and down stairs, sit-ups, jumpieg jacks and ranning

outside in the sun_

“Having to wear equipment while exercising. Not the
waitefe. Chur exgieiprnent 13 very deeifating. §ged devitated by just
Ipaking at it” (FGD 3t Participant 44; exercise participant).

Time available tio complete the exercise sessions and negative
experiences with the instrectors were also raised as factors
that negatively affected experiences, the Latter were raised by a
participant during the 105,

T tfdnk it owould be oa bt more fun if the starter
could maybe try fo have different trainers with different
experience, ., If there were different trainers mayte that would
ke Hhings furnier or exciting, There were times when she
will seen like she waz sof (n the mood for exercise sesstons"
(1IM: Participant 23; exercize participant).

Therne 3: Barriers

The most cormmaon barriers were travel constraints and lack
af time. Some participants fell that the venue was not central,
and they had to travel long distances to get to the venuee, Three of
the five participants mentioned the issue of transport as & barrier
during the [Ds.

It does not accommedarte everyone, only arcommadate
those wie are closer to the aaladings. ... Sa, the traveling (2 alzo

a barrier” (FGD2: Participant 29 exercise participant).

Mast of the participants identifving time 25 an issue were
university students, some of whom worked part time in addition
to their studies and had challenges finding time to attend
the programrme.

It affected way daily life when | Rad things fo do, and |
had fo come here o dhe oL Se 0 was very difficwlt
for me to manage fime because | had to come here at
half past fowr. T was always late”, (FGI: Participant 27
exercise participant).
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Theme 4: Sustainability and influencing others

Participants shared their perceived enthusiasm to continue
with the exercise programme after the end of the intervention
and influence others b exercise. All FGDs participants indicated
that they would encourage family and friends to start exercising,
Further, being more physically active as a result of the
intervention made them more aware of the benefits and
impartance of exercise and physical activity,

T Al sy pes or motivate somesne fo ge to the gym
because black peoples mentality iz that- one has to have
curves, We are the ones, we are Black, you wnderstand
bevause when pou're exerciitmg lke yoi are mifnisnzing
certain illness so | would say pes” (FGIDM: Participant 32;
contral participant),

Continuing with an exercise programme came up in the
FGDs and was explored further in the 1015, Three of the five
participants who participated in the [DIs continued training on
their own afler the intervention, one witl the help of a velunteer
instructor in an informal group setting.

“f jog with oy friesads te the cerlain plice and then when
we get there we meet like other people and there’ like [Xhosa)
wit ave an instrwctor, bt we don't pay. There isan instrictor,
Bt they doe ir for fun, for the Tove of (17, {PGD1: Participant

19 exercise particifpant).

One  participant however reported difficulty In belng
consistent with the exercise regime mastly becawse of a lack of
A supportive training environment.

"Because | dun't have @ personal trainer, so ! don't have
SRLORE I'wJ.'mg p*_.ﬁ'n;'r mi, 1 da £ sometthes, sometimes |
dont go”, (1D1: Partlcipant 23; exerclse participant),

Theme 5: Benefits of being physically active

Most participants acknowledged that after completing
the programme they were more aware of the benefits and
impartance of being physically active. The perceived benefits
could be grouped in three sub-themes, Improved self-efficacy
was the strongest sub-theme, followed by disease prevention and
reduced stress bevels, and lasly, lifestyle changes.

Some participants reported improved self-efficacy in the
form of coping and scheduling skills, They expressed that
the exercise programme helped improve their ability w cope
with busy schedules and assisted with scheduling their busy
daily reutines.

“Third year shudents have @ lot of work 50 if I come hame
ke, oy body is tired but since [ biave been exercising, 1 have
Been coping. [ would leave sy room ait 4 or 5 and [ would
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have to come back and cook, eat and do schoolwark but what
I realized was that 1 could cope unlike before when I used fo
slewp fine 30 safnutes. Strece the gym 1 feel alright so thar wis the
positive part about the gym. [ could cope and be able o climb
the stairs”, (FGTM: Pnrticipnnt k¥4 er!rd_par!irr';mnt].

“Sin, fike the fact that T had ro allocale like some of my
time do the Fym, like do commil soime r.l_l" wey Lpee o [TH Fyim
thing that’s happening, it helps me to plan oy daily activities”,
[FGIN: Participant 24; exercise group),

Participants perceived that exercise increased their energy
levels, reduced stress and may reduce risk of diseases such as
high Mood pressure, diabetes and heart disease.

| “like I see exercising as a fool that reduwces high blood
pressure”, (PGDM: Participant 32; control participant].,
“Exervise for me personally is a stress reliever”. (FGD3:
Fu.rrii:ip:nf 30 exercise pﬂrﬁciparl!}.

The participants furthermare perue'wuﬂ exercise o be
assaciated with positive lifestyle changes such as changes in diet
and participating in more active beisure time activities (i.c. going
Lo the gym).

Theme &: Definitions and perceptions of
"exercise”

Several sub-themes emerged from the discussion around
wlhat the term “exercise” means. Participants defined "exercise”
minst often in terms of maintaining; ]1.¢.;|||1].' hnd:f, fnllowed b:{
changes in body composition such as weight loss and increased
muscle mass, engaging in any physical activities, and lasly
the perception that it is semething that a specific group of
peaple do,

ta be fealthy, trring to chawge yowr body, get more
wmuscles by doing exercises”, (FGID3:  Participant  39;
exgrcise participant].

“I feel like exercise has bo do more with physical activities
than .-J.lly].'lr'lrg else, It iz a _|'J.|||.'.1r'ml' activity. You don’t hawe
fa do a cerfain thing and say 105 exercising Yow can walk,
yirti cane fela ] arptiong, smoving pour body i general”. (FGID3:
Participant 44; exercise participunt ).

A few of  the participants from the
FGD perceived Exercise o he assaciated
with ethnicity,

“like I'm going to be wery honest, like the word
cxercise fo omee (ke 0 bas the whifemess an 0t bke this
witiferiess, like it for white people”. (FGID1: Participant 24;

exercise participant]).
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Discussion

In this study we aimed to gain an understanding of
the expertences and perceptions of young Black SA women
living with obesity following their participation in a 12-
week  structured  exercise infervention. Six  themes were
identified from the focus groups and in-depth interviews
and inceded motivating  factors,  acceptability  of  the
programme, barriers, sustainability and influencing others,
benefits of being physically active, and perceptions of the
term “exercise”,

Financial al]-rmlaﬂ,e in the form of remuneration for eosis
relating to travel and time were identified as an important
extrinsic motivator for enrolling and staying in the programime,
This is ot a wnique Anding as Anancial incentives have, even
in high income settings, shown to be effective in behavior
change and achieving physical activity goals, as well as to
moderate the effects of self-eficacy on weight-loss in adults with
obesily participating in interventions (21, 22}, Although there
is mo data on the role of financial Rin on |1I1].-;.ical activity
interventions within the South African context, conditional cash
trapsfers have been used in South African high school girds
to reduce HIV incidence among young women and address
structural factors such as poverty (23} However, the amount
of money provided to oor participants as reimbursement for
their travel and time was small and the perception of Anancial
advantage gained from the project may point to the socio
economic hardships suffered in the communities from which
our participants were drawn (24). This opinton ls supported
by the finding that participants reported using the money to
buy high-energy dense staple fonds such as maize-meal and
sugar, These choloes suggest high levels of food insecurity in
the houscholds of our participants, The consumption of high
energy dense foods in bow socko-economic populations and the
link with obesity has been consistently reported in the literature
(25, 2a).

In addition te the financial incentive, participants reported
weight loss (anticipated and actual} as a mativator for enrolling
and staying in the intervention, Participants were reminded at
recruitment that substantial changes in body weight are not
commanly shown in response te exercise only interventions
(27, 28). Although only a small but significant weight loss
was schieved by the intervention group (—1kg) (200, this was
experienced positively by the participants, Physical benehits such
as a perceived increase in fitness levels and muscle tone could
have contributed to these positive expertences. The multiple
socin-cultural, environmental and behavioral factors invalved in
the risk for Black 54 women to become obese [25) provides a
further understanding for why even a small weight loss could
have been considered an achievement.

Anocther  benefit  reported by participants  was  an
improvement in psychological well-being (improved mood
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and self-esteem). These findings are supported by quantitative
results previously reported frem  the same  intervention,
showing reduced svmptoms of depression and Improved
sleep quality in response 1o the exercise training {29). Cur
findings are also consistent with previeus research Andings
which suggested that improved psvchological and  physical
will-being are related to increased exercise adherence in wormen
with ul'l-ﬂih_.- 300 A .1t|.1d:|r h:r Clea et al. {313 TEPDl'h!l'l that
participants in & weight loss programme were impressed by
the “indirect ripple effect™ of health benefits they experienced
asice from weight loss, amd this seems 1o be true for our study
as well.

Another benehit identified is the perccived increased level of
self-efficacy of participants. Some indicated that panmicipation in
the prisgramme assisted them with improving their .-i:h:dlulin.s
behaviar while feelings of enhanced physical fitness, reduction of
stress, and improved mood were all evident and have previowsly
been shown Lo strengthen sell-efficacy {32). An increase
in self-efficacy is furthermore asociated with persistence in
exercise training even in the presence of challenging barriers
(303, Barrbers to attending the tralning sesslons in our study
included lck of time, distance to the llairlinr., venue, and
limited transport to the training venue, all of which have
been previously reported in low socioeconomic settings (14),
Moreover, participants reported aspects of the programme
that they did not like such as the venue, some personal
characteristics of the trainers, high intensity evercises and
percelved rackal discrimination at the venwe, The latter s
important as racial “everyday discrimination” were found w be
positively related to distress (33) and potentially may weaken
the positive experiences of participants to similar programmes,
When considered together with the perception of exercise as an
activity done by "white” people only, careful attention sheuld be
given to this aspect in exercise programme development. The
dislike of high Intensity exercise supports the results of Foster
et al. (34) that ina group of relatively wntrained young adults
the exercise regime with the highest intensity had the lowest
ENjoyIment soore.

Intrinssc and extrinsse aspects of the tralning programme
and training environment, such as support by the instructors
and group, types of exercises, friendships, fun and music were
Wdentified a5 well-liked aspects of the programme. Participants
suggested that these positively experienced factors are important
when considering the sustainability of the programme, made
them feel maotivated to influence others to exercise and
miotlivated them to continue with the intervention. According
o Withall et al. (14} once people are active, high levels
of social interaction, interest and enjoyment, are associated
with improved levels of retention, Our results show  that
the perceived benefils (motivators) outweighed dislikes and
barriers and facilitated the continuation and completion of the
intervention, Mot only did most participants (87%) complete the
pregramme, but some went on to continue exercising, and all
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saw themselves as potentially motivating loved ones to embark
00 EXErCise Programmes,

A limitation of the stedy i that no member checking
was done 1o explore the credibility of the findings. Various
aspects of the study however contribute to the credibility of
the findings, Firstly, the study was preceded by formative
work in oa similar group of women and the research
team  had inxight into the lived experiences of the sclu.dll.-
participants, Although the exercise training was prescriptive
and not self-selected, the mode of training was based
on this formative work (6). Furthermore, extensive notes
were faken by a seribe and these notes were considered
during the analysis process. The current study only incleded
participants that completed the intervention, a8 drop out
Farti:.ipanlx were nadt contactable, but the aim was to describe
the perceptions and experiences of those that completed
the intervention.

Conclusion

The current study showed that the young Black 5A women
from & low soclosconomic setting that participated in a
12-week structured exercise intervention sdentified perceived
financial gain and perceived weight loss as motivators for
excrcise adherence. Furthermore, adherence to an cxercise
training progeamme was identified to enhance mood. increase
seli-esteern, self-efficacy, and the development of skills to cope
with perceived barriers. A targsted intervention approach
that incorperates elements such as the presence of an exercise
instructor, musie and du.n.cinﬁ in oa group selling should be
considered when developing public health programmes for
sustainability in young women from low-income settings,
Lastly, ease and cost of access to training facilitles i key
to increasing andlor maintzining  participation  adherence
in similar exercise iraining programmes in this population
and should be considered for programme  sustainability,
Collecuively, improved seli-efficacy may play an important
role in supporting exercise behavior and should be a
component that is assessed 1o ensure sustainability when
implertenting future exercise programmes. We are of the
opinion that financial incentives are not likely 10 be a
sustainable approach for interventions. Further research is
required to address other sustainable motivators 1o exercise
adherence such as sell-selected exercise training modes and
intensities, and combining diet and exercise to maximize
weight loss,

Data availability statement

The raw data supporting the conclusions of this article will
bie made avatlable by the authors, without undwe reservation.

frontiersin.ong

294 |Page



Phiri =t al.

Ethics statement

The study was approved by the Human Research
Ethics Committee  at  the Unlversity of Cape Town
(HREC REF: 054/2015).  The patients/participants  provided
their written informed consent to participate in this study,

Author contributions

Ji3, AM, and LM conceived and designed the study and
were involved in data analysis. LP analyzed the transcripts,
generated codes, and collated codes into potential themes
and sub-themes. AV cross-validated the cxling. LP prepared
figures and drafted the manuscript. AV, 1G, AM, and LM read
and edited the manuscript and approved the final version,
Al authors contributed o the aricle and approved the

submitted version.

Funding

This study was funded by the Matsonal Research Foundation
of Seuth Africa (NRF), Competitive Programme for Rated
Researchers (Grant No: 93577).

References

L. Farms 3, Abramtes A, Mental Bealth benefas fromn lifestyle phsical
ACTivilY inlervenilises: & spslemialic ceview. Bl Menn Clin [2020) 34337-
T dot: 152 Lbume, 330,84 4. 507

2, Bray GA, Heisel WE, Afshin A, Jmeen MTL Diege WH, Long M, ot al, The
sclence of obw=ity m nif: an emdocrine soclety sclentific staterent. Fadoor
Bev (HRAT 3P0 132, doi; FOULE L0 er 200 700353

3. Pucase T, Fourse M, Shapiro B, Bling L, Tahaka MNC, Chelelse
A, 'Mg is beamtiful-an explorabon with wrbam black community healih
workers in & South Afsican township Seeck Afe | Oiin Naee, (2003) 184
15, ol W0 LOSIL L0000 38 2005, 1 1754053

4, MeHira 2], Goedecke [H, Lambsrt EV. Intra-Eamilial and ethnic ffecs on
antitudinal and perceptual body image: a cohort of Soeth African meoeher-daughier
dyade, RWAC Public Health, CIHRLET L1433, duod; FULIBAS 14T - 245811433

5. Punasse T, Teodekiile |, Ssevn K. Perceptions about Body image and sizes aoeg
black African girls living in Cape Town, Ethe Dis {2010) 20:29-34

6, Draper CE, Davidowite Kl Gondecks  [H, Perceptions  relatimg.
w body size. weight loss and  welghtless  interventions in black
South  African  womess s guabfalive shudy, Poblec Heolth Muir (2016)
1554856 dok: 10.1017/51 JES8001 5001688

7. Okop Kl Muksmbang PC. Mathole T, Levitt M, Punane T. Perceptions
of Body size, obesity threat and the willisgness o ke weight amosy
blick Scuth Afrkan adulis a qualitabee study. BMC Pablic Health, {2008)
16365 doi: 1001 1B&'s1 F383-016- 30267

4. Devanathan B, Eserhuizen TM, Govender RIL Owverweight and obesiey
amongst Black womem in Durban, Kwafulu-Natal; 2 ‘eams’ of perception in
am wrea of high HIV prevabence. AfF [ Prim Health Care Fam Maf. (2003)
S Bl digi: LA T phefm v5i ] 450

9. Ramgoluss Y. Previlence of overweight aud abesity amid boddy dwage
percepifon amongs Bleck South African frmale marses practioing i D,

Fronters in Sports and Active Living

11

103389 fspor. 2022 813339

Acknowledgments

The authors thank Mandipha  Sinvanya and  Gudani
Hamisi for comnducting the focus group discussions and in-
depth interviews. Furthermaore, we extend our gratitude to
Mrombekhays Zoncleni and  Keitumetse Smouse for their
vatluable contribution to the study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest,

Publisher's note

All claims expressed in this article are solely those
of the authors and do not necessarily represent  those
of their affiliated organizations, or those of the publisher,
the editors and the reviewers. Any product that may be
evaluated in this article, or claim that iy be made 1:\‘:.I
its manufacturer, is oot guarantesd or endorsed by the
publisher.

KwaZulu-dtal, South Afnce. Pietermarnicebarg, South Africa: University of
Ewaulu-Matad (2008}

I Gitaw TML Mickksfield LK. Peitifor
in rating  affibedes,  hedy

IM, Morris SA Charges
extorm and  weight  comtred  behavioan

during adolescence in & South Alricen  cohor.  Plab ONE (2004)
S LI, doi; VL1271 joamal pone 0L
11, Gitan  Thi, Micklesfeld 1K, Pearidor M, MNoes SA. Exhnic

differences  in eating  attitudes,  body i and  sell-esieem  among
adolescent females living in whas Sowh Alrica Alr | Pochintre {20014]
1TABB-T4 doi: 104172/ 198-8220 100111

|2 Seatistics South Africa SADGH, Seth Africa Demegraphic and Hesith Sy
2006 (2017},

1% Lee 1-M, Sharoma EL. Lobelo P Poska B Blair 5N, Kaemareyk P, et al.
Effect of physicel inactivity on major non-cossmonicable diseises worldwide:
an analysis. of barden of disease amd life expectancy. Lancer. (200123 380214
9, iz NLLDUASOL40-£7 36 L2 R 10315

Lk Withall I Jage: K. Fox KR. Why some do bat most don't. Barreers and esablers
I angaging lne-income groeps in physical activity programmes 3 mised mitkods
study. B Puldic Heafth, (20010 11:507, doi: LU 186/ 1471245811507

15 Goedecke [H, Mendham AE. Clamp L. Moo Nankam PA, Fortuin-de
Seaidl MO, Phiei L, e il. An exencie mervemtion o unve tee mechiniins
underhying insulin resstance m a cohort of Black south african women: protocol
Tiot & pastsbomized contolled trial and basdine chasscieristics of participans. (LR
e Prarac, (2008} 727 5o dor 1002 1% resprod S04

16 Treasury WP, Regianal Profite City of Cape Tem, City of Cape
Tiowre 'Westem Cape Covernment [2002) poB- 1L

I7. wan Rijnseever T (1 Card Gei Mol ssturation: 2 simulabon and

- sample sizes in qualitative reearch PLaS ONE  (33IT)
12008108, dod: LOLLAT ) joursal pone 0181653

frontiersin.org

295 | Page



Phiri =t al.

IR Vasikeiors K. Barnett L Therpe 5, Young T, Charactersing and justifyisg
sample sae sufficiency in imerview bused studies spstematic analysis of qualirative
hiadth research owver a 1Syear period. BMO Ml Bee Methodol  (23008)
12148 doi: 10,1 18651 Z874-D1 805947

19 Vaimmoradi M. Seelgrove & Theme m qualitative content analyss. and
thesratic analysis. Foram Qualitanse SazialorschungForam: Qualitative Sockal
Resparch, (201%) 20, dox 10,11 5bmjopen- 200 1-00 5857

200 be Smicdt MR, Manalh AF, Hauk; I, Hakim (1, § ki [, Clamnp 1,
et al. Effect of exercise training on insulin sessitevity. hyperinsulinemia and eciopic
Tt black South Alrican wimim: a mandessesd contrellal trial, s | Endecrin,
120205 183:51 &1 doi: 10U S3VE[E. 190557

21, Patel MSE, Asch DA, Boein B, Small D5 Bellimy 3L, Heoer | et ol
Framing fnascial incemives 1o increise physical activity among overweight and
ohese aduhis: a randomized. comtrolled trial Ann fnters Med (3008) 164383
4. dod: 1073260 15-1635

22 Faghei PL Simon ). HeedooMeding T. Gorin A Perceived self-efficacy
and financial i i [ESTT ing health W and weight lnss in
& workplace weight loss mervention. | Qlecap Environ Med (2017) 59453~
il otz W00 D OART TR OO0 3T

23 Petrifor &, MacPhad C, Selin &, Ghmez-{Hive FX, Bmesberg M, Wigner RO,
et al, HFTN 6 a randonsimed control trial of a conditenal cash transfer o reduce
HIV infection in young wome in Somh Africa—sody design and baseline reslts,
AIDS Befar, (2016 20 1861-R1 dor 101 w0461 01 8- 12700

24 Smit W, de lLanney A, Dower BV, Lambwrt BN, Levin N,
Watson V. Making unheahhy places the bullt emvironment asd mon-
cmmunicable dimases in Khapelitsha, Cape Town Health Mace, (3015)
E5:11-E dot 101018 heakhplace. 2016.04 008

25 Micklesfield LK, Lambert EV. Hume DM, Chantler 5, Pienaar PR, Dickie
E, et al. Socio-oulverdd, environmental and bebavioural determinants of obesicy
in Back South Africas women: review articles. Cordiewrse | Afr, (2005) 24365
75, dod: 10 SBINACVA- 200 3068

Frontiers in Sporis and Active Living

12

10,3389/ fspor 2022 813339

26 Adenivi OV, Longo-Mberes B Ter Goon 13, Female ses, poverty
and glotalization & determinants of cbesity ameng rerad South Afrcan
type 2 duhbelics: 8 cosesectional  shady,  BWO Public Heaith, (3015)
15:296. doi: 10,11 Bés] 298501 5 16228

27, Dobausielski DA, Gibbs BE. Chandban 3, Owyang P, Silber HA. Stewart K|
Effect of exercise on abdominal 1ar log in mes and westen with and witheut rype
2 disbetes, BMT Open. (2003} Solser,

2R Mimdkam AE. Duffichl B, Marine F, Coutls AL A& 12-weck spoots-
based esercise programme for inactive Indigencus Australian men improved
elinical risk EBctors assccmind with fype 1 dsbstes madlibes, | 5 Med Spart,
12004} doi 10,1016 |sams 201406013

20 Mendham AE, Goedecke [H, Portuin-de Seadt MC, Fhin L, Clamp L. Swart
I, et al. Impreved slesp quality and depeessive spmptoms with exercise irainisg
in obese worrsen from a low socoecenomic comevaraty: 4 randomized controlled
teial. J Plaps Act Fealth (0Z1) LE-@40-%, doi 10,01 23 /pal 20000648

30 Annesi [ Unruh JL. Marth NG, Gorjala & Tennam G Effects of the coach
apy interimei e i dbwsar vermien, B ) Exerc Spart,
L2001y B2 108, dal: 10, 108027 367, 301 1. 105349726

1. Cleo G, Hersch L Thomas B Partiogpant exporiences of bao sscoessfal habii-
based weight-lnss interventions in Australis & qualiacive study. BM) Open. (201E)
Belb20 140, doi; 1001136 bmjogen- 200 7-010146

AL Voeom 5, Buckwanth L Ficht B Eo B, Feslings of energy, exercise-selated

seliefficacy. and voluntary exercise participation. | Sposi Everc Pgpokal (2013)
SRR E-24 doi 1000120 pap BRARI2

Ak Geemaler HM., Willissss 5, Mohimssed 54, Mosssal H, Swa D)L
Percetved discrimimation, race and bealih in Soath Africa. Soc So Miod, (3008)
BT ok 1010 L socseimed J0E.03 021

3h Feober C, Faeland ©, Gaddoi E Michelle H, Beisssa B, Schueie Letal. The
effects of high intensity interval iraining v steady siate training on aerchic and
anesrobic capecity. [ Sports S Mad. (3015) L&T4T-55.

fromtizrsin.ong

296 |Page





