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Summary

Background: Non-communicable diseases (NCDs) are the leading cause of death and disability
worldwide, disproportionately affecting low- and middle-income countries (LMICs). Behavioural
risk factors, notably insufficient physical activity, contribute significantly to cardiometabolic
changes associated with NCDs. Extensive research has demonstrated the prevalence of these risk
factors in children and adolescents and their tracking into adulthood. Yet, evidence from sub-
Saharan Africa is scarce. Early identification of cardiovascular risk and promotion of healthy,
active lifestyles from a young age are vital to prevent NCDs later in life. This is especially relevant
in socioeconomically disadvantaged communities in LMICs, including South Africa, where health
inequalities and physical activity barriers are prevalent. In such settings, schools acquire particular
importance for shaping physical activity and health habits among children. Therefore, there is a
pressing need for context-specific, comprehensive, cost-effective interventions to strengthen
physical and health education in South African under-resourced schools. However, ensuring the
sustainment and real-world effectiveness of such interventions poses a substantial challenge and

warrants thorough evaluation.

Aims: This PhD thesis aimed to evaluate the KaziKidz physical activity and health promotion
programme, a sub-initiative from the KaziBantu project, during its sustainability phase in public
primary schools from South Africa. The specific objectives included assessing the identification
of physical activity and cardiovascular risk as well as their association in South African children,
examining short-term intervention effects on NCD risk factors and their long-term development
in high-risk children, exploring stakeholder acceptability and perceived feasibility, and evaluating

the programme’s continuity in participating schools.

Methods: KaziKidz was implemented in the context of the KaziBantu randomised controlled trial
across eight quintile 3 schools in low-income areas near Gqgeberha, South Africa. Four schools
served as controls, and four implemented the intervention receiving teaching materials. One
intervention school was additionally supported by teacher workshops, one by a physical education
coach, and a third one by both. Intervention’s efficacy was assessed on children’s (n = 961) self-
reported and accelerometer-captured physical activity, body-mass-index, blood pressure, serum
lipids, and plasma glucose. Quantitative measurements were gathered twice, at baseline (January

2019) and after a 20-week intervention period (October 2019). A follow-up mixed-methods study
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was conducted two years’ post-intervention (October 2021) during the programme’s sustainability
phase. Quantitative data were collected from a sub-cohort of high-risk children (n = 280), who
presented at least one NCD risk factor, namely overweight, elevated blood pressure,
dyslipidaemia, or hyperglycaemia. Qualitative assessments encompassed semi-structured
interviews with school principals (n = 3) and focus group interviews with teachers (n = 16) and
caregivers (n = 16). The implementation science RE-AIM framework guided the comprehensive

evaluation of KaziKidz using a mixed-methods convergent design.

Results: Divergent results were observed between instruments assessing paediatric hypertension
and physical activity and their association with cardiovascular risk, demonstrating the need for
evidence-based, context-appropriate methodologies for identifying risk in South African children.
In terms of short-term intervention efficacy, KaziKidz positively impacted moderate-to-vigorous
physical activity levels among girls at school and improved mean arterial pressure of children as
well as cholesterol and glucose levels of non-high-risk children. Nevertheless, research is needed
to determine the benefit of specific intervention components for distinct subgroups and further
enhance physical activity levels for all children inside and outside of school. School staff and
caregivers emphasised the programme’s significance for children, but called for increased
involvement and external support to deliver and sustain the programme in schools. The evaluation
of the intervention’s sustainability was hampered by the Coronavirus Disease 2019 (COVID-19)
pandemic and closure of schools, resulting in the discontinuation of KaziKidz. Furthermore, a
decline of health outcomes among high-risk children was observed in the long-term. Accounts
from school personnel suggested that, under normal circumstances, maintaining the programme

without additional support would have been challenging.

Conclusion: Public schools are pivotal platforms for ensuring quality physical education,
providing physical activity opportunities for all children, and promoting healthy behaviours in
disadvantaged communities in South Africa. KaziKidz’s holistic approach holds promise for
improving risk factors for NCDs, but ensuring intervention continuity is imperative for sustaining
long-lasting health benefits. In-service training should enhance programme ownership among non-
specialist teachers and be supported by implementation coaching, school administration

engagement, and political commitment. Evaluating the feasibility of these measures and the
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effectiveness and fidelity of KaziKidz’s delivery upon resumption is recommended to refine the

programme and guide its scale-up.
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Zusammenfassung

Hintergrund: Nicht iibertragbare Krankheiten (NCDs) sind weltweit die Hauptursache fiir Tod
und Behinderung, wobei Lidnder mit niedrigem und mittlerem Einkommen (LMICs)
unverhéltnismédfBig stark betroffen sind. Verhaltensbedingte Risikofaktoren, insbesondere
unzureichende korperliche Aktivitdt, tragen malBigeblich zu den kardiometabolischen
Veranderungen bei, die mit NCDs einhergehen. Umfangreiche Forschung hat die Prévalenz dieser
Risikofaktoren bei Kindern und Jugendlichen nachgewiesen und sie bis ins Erwachsenenalter
nachverfolgt. Es gibt jedoch nur wenig Evidenz aus Subsahara-Afrika. Die friihzeitige Erkennung
von kardiovaskuldren Risiken und die Forderung eines gesunden, aktiven Lebensstils von klein
auf sind entscheidend fiir die Prdvention von NCDs im spéteren Leben. Dies ist besonders wichtig
in soziookonomisch benachteiligten Gemeinden in LMICs, einschlieBlich Siidafrika, wo
Gesundheitsungleichheiten und Hindernisse fiir korperliche Aktivitit weit verbreitet sind. In
einem solchen Umfeld kommt den offentlichen Schulen eine besondere Bedeutung bei der
Gestaltung von korperlicher Aktivitit und Gesundheitsgewohnheiten bei Kindern zu. Daher
besteht ein dringender Bedarf an kontextspezifischen, umfassenden, und kosteneffizienten
Interventionen zur Stirkung der Bewegungs- und Gesundheitserziehung in siidafrikanischen
unterversorgten Schulen. Die Sicherstellung der Nachhaltigkeit und der realen Wirksamkeit dieser
Interventionen stellt jedoch eine groBe Herausforderung dar und erfordert eine griindliche

Evaluierung.

Ziele: Diese Doktorarbeit hatte zum Ziel das KaziKidz-Programm, eine Unterinitiative des
Projekts KaziBantu, zur Forderung von korperlicher Aktivitit und Gesundheit wéhrend seiner
Nachhaltigkeitsphase in 6ffentlichen Grundschulen in Stidafrika zu evaluieren. Die spezifischen
Ziele umfassten die Bewertung der Identifizierung von korperlicher Aktivitit und
kardiovaskuldrem Risiko sowie deren Zusammenhang bei silidafrikanischen Kindern, die
Untersuchung der kurzfristigen Interventionseffekte auf NCD-Risikofaktoren und deren
langfristige Entwicklung bei Hochrisikokindern, die Untersuchung der Akzeptanz und
wahrgenommenen Machbarkeit durch die Beteiligten sowie die Bewertung der Kontinuitédt des

Programms an den teilnehmenden Schulen.

Methoden: KaziKidz wurde im Rahmen der randomisierten kontrollierten Studie KaziBantu in

acht Schulen der Quintil-Klasse 3 in einkommensschwachen Gebieten in der Néhe von Ggeberha,



Stidafrika, umgesetzt. Vier Schulen dienten als Kontrollgruppe, wéhrend Vier die Intervention
durchfiihrten und Unterrichtsmaterialien erhielten. Eine Interventionsschule wurde zusétzlich
durch Lehrerworkshops unterstiitzt, eine Weitere durch eine:n Sportlehrer:in und eine Dritte durch
beides. Die Wirksamkeit der Intervention wurde anhand der selbstberichteten und
Beschleunigungsmesser-erfassten korperlichen Aktivitdt, des Body-Mass-Index, des Blutdrucks,
der Serumlipide und des Glukosespiegels von Kindern (n =961) bewertet. Quantitative Messungen
wurden zweimal erhoben, zu Beginn (Januar 2019) und nach einer 20-wochigen
Interventionsphase (Oktober 2019). Eine Folgeuntersuchung mit gemischten Methoden wurde
zwei Jahre nach Interventionsende (Oktober 2021) wiahrend der Nachhaltigkeitsphase des
Programms durchgefiihrt. Quantitative Daten wurden von einer Teilkohorte von
Hochrisikokindern (n = 280) gesammelt, die mindestens einen NCD-Risikofaktor aufwiesen,
nimlich Ubergewicht, erhdhten Blutdruck, Dyslipidimie oder Hyperglykimie. Qualitative
Bewertungen umfassten halbstrukturierte Interviews mit Schulleitern:innen (n = 3), sowie
Fokusgruppeninterviews mit Lehrern:innen (n = 16) und Betreuern:innen (n = 16). Das RE-AIM-
Modell der Implementierungswissenschaft diente als Grundlage fiir die umfassende Evaluierung

von KaziKidz unter Verwendung eines konvergenten Designs fiir die gemischten Methoden.

Ergebnisse: Es wurden unterschiedliche Ergebnisse zwischen den Instrumenten zur Bewertung
von Bluthochdruck und korperlicher Aktivitit bei Kindern sowie deren Zusammenhang mit
kardiovaskuldren Risiken festgestellt, was den Bedarf an evidenzbasierten, kontextgerechten
Methoden zur Risikoermittlung bei siidafrikanischen Kindern aufzeigt. Hinsichtlich der
kurzfristigen Wirksamkeit der Intervention hatte KaziKidz einen positiven Einfluss auf das Niveau
méBiger bis intensiver korperlicher Aktivitit bei Maddchen in der Schule und verbesserte den
mittleren arteriellen Druck der Kinder sowie die Cholesterin- und Glukosewerte von Kindern ohne
erhohtes Risiko. Dennoch sind weitere Forschungsarbeiten erforderlich, um den Nutzen
bestimmter Interventionskomponenten fiir verschiedene Untergruppen zu ermitteln und das
Bewegungsniveau aller Kinder innerhalb und auBlerhalb der Schule weiter zu steigern.
Schulpersonal und Betreuer:innen betonten die Bedeutung des Programms fiir die Kinder,
forderten jedoch eine stirkere Beteiligung und externe Unterstiitzung, um das Programm in den
Schulen durchfithren und aufrechterhalten zu konnen. Die Bewertung der Nachhaltigkeit der
Intervention wurde durch die Coronavirus-Krankheit 2019 (COVID-19) Pandemie und die

SchlieBung von Schulen beeintrachtigt, was zur Unterbrechung von KaziKidz fiihrte. Dariiber
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hinaus wurde langfristig ein Riickgang der Gesundheitsergebnisse bei Hochrisikokindern
beobachtet. Aus Berichten des Schulpersonals geht hervor, dass die Aufrechterhaltung des
Programms unter normalen Umstinden ohne zusétzliche Unterstiitzung eine Herausforderung

gewesen ware.

Fazit: Offentliche Schulen spielen eine entscheidende Rolle bei der Sicherstellung qualitativ
hochwertigen Sportunterrichts, der Bereitstellung von Bewegungsmoglichkeiten fiir alle Kinder
und der Forderung gesunder Verhaltensweisen in benachteiligten Gemeinschaften in Siidafrika.
Der ganzheitliche Ansatz von KaziKidz ist vielversprechend, um die Risikofaktoren fiir NCDs zu
verbessern, jedoch ist die Gewéhrleistung der Kontinuitét der Intervention unerlésslich, um einen
langfristigen Nutzen fiir die Gesundheit zu erzielen. Lehrerworkshops sollten die
Eigenverantwortung von Lehrern, die keine Fachleute sind, fiir das Programm stirken und durch
Umsetzungscoaching, Einbindung der Schulleitung und politisches Engagement unterstiitzt
werden. Es wird empfohlen, die Durchfiihrbarkeit dieser Mafinahmen sowie die Effektivitdt und
Zuverldssigkeit der Umsetzung von KaziKidz nach Wiederaufnahme zu bewerten, um das

Programm zu optimieren und seine Ausweitung zu steuern.
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Chapter 1. Introduction 1.1. Noncommunicable diseases

Chapter 1. Introduction

This PhD thesis presents a comprehensive evaluation of the KaziKidz health promotion
intervention during its sustainability phase in public primary schools from South Africa. KaziKidz
was implemented as part of the KaziBantu project in 2019 with the aim of enhancing children’s
physical activity levels and improving risk factors for noncommunicable diseases in educational
settings. Subsequently, a follow-up mixed-methods study was conducted in 2021 to investigate the
long-term effects of the intervention as well as its continuation during the sustainability phase of
the project, i.e. after intervention completion, cease of external support, and under real-world
conditions. The current evaluation is positioned in the backdrop of the Coronavirus Disease
(COVID-19) pandemic declared in 2020. The ensuing lockdown measures, most notably the

closure of schools, significantly disrupted the continuity of the intervention under study.

This first chapter delves into the nature, prevalence, and implications of noncommunicable
diseases and physical inactivity , with a specific focus on children and the context of South Africa.
Following, attention is given to strategies aimed at mitigating their burden, specifically through
prevention programmes conducted in schools , alongside an overview of the existing initiatives in

South Africa. The chapter finalises with a detailed description of the KaziKidz intervention .
1.1. Noncommunicable diseases

Non-communicable diseases (NCDs) are a collection of not transmissible, chronic conditions that
are characterised by their gradual development and often asymptomatic beginnings (World Health
Organization, n.d.-a). Over time, they lead to dysfunction and compromised health, thereby
diminishing the quality of life throughout the life course and resulting in premature mortality.
Being the leading cause of mortality and disability worldwide, recent estimations indicate that
NCDs accounted for 42 million deaths globally, with 17 million occurring before the age of 70,
and the loss of 1.6 billion healthy life years in 2019 (measured as disability-adjusted life years -
DALY35s) (Institute for Health Metrics and Evaluation, 2020). Among these conditions, four disease
clusters—cardiovascular diseases (CVDs), cancers, chronic pulmonary diseases, and diabetes—
contribute to roughly 80% of NCD-related deaths. Particularly, CVDs have a leading role in the
NCD burden and have contributed to the rise in NCD cases, with CVDs prevalence nearly doubling
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from 271 to 523 million between 1990 and 2019 (Global Burden of Disease 2019 Cardiovascular
Diseases Writing Group, 2020).

The origin of many NCDs can be traced back to societal conditions, commonly referred to as
lifestyle or behavioural risk factors, with poor diets, physical inactivity, tobacco use, and alcohol
abuse being recognised as the four most prominent contributors (World Health Organization, n.d.-
a). As a result of these lifestyle risk factors, physiological changes occur, which manifest as
increased weight, high blood pressure, elevated blood glucose, and abnormal lipid levels. Indeed,
the impact of such cardiometabolic risk factors on overall disease burden is substantial, as
evidenced by the ranking of high systolic blood pressure, high plasma glucose, and high body-
mass index (BMI) among the top five leading risks for all-cause mortality and disability in 2017
(Global Burden of Disease 2017 Risk Factor Collaborators, 2018).

However, it is essential to recognise that chronic conditions stem from a complex interplay of
various factors, encompassing the mentioned behavioural aspects alongside socioeconomic
circumstances, environmental conditions, genetic predisposition, and others (Tulchinsky et al.,
2023). For instance, changes in socioeconomic factors and mass movement of people to cities are
associated with lifestyle modifications characterised by more sedentary behaviours and access to
calorie-rich diets (Fazeli Dehkordi et al., 2022; Mashili et al., 2018; Ndubuisi, 2021). It has been
shown that obesity prevalence increases with income in nations with lower development levels
(Broyles et al., 2015). Consequently, the necessary and inevitable economic growth of nations

comes at the expense of a mounting incidence of NCDs.
1.1.1. The case of South Africa

Low- and middle-income economies are undergoing a shift in disease patterns characterised by a
decrease in deaths caused by infectious agents, malnutrition, and maternal and child diseases and
an increase in morbidity and mortality associated with NCDs (Frenk et al., 1989). This shift was
first described by Omran (1971) in the epidemiological transition theory. Evidence indicates that
this change is occurring at a faster pace compared to high-income countries (HICs), with
transitioning economies currently facing a double burden of disease (Santosa & Byass, 2016).
Meanwhile, their health systems, fundamentally focused on combating infectious diseases, are ill-

prepared to cope with the burden posed by NCDs (NCD Alliance, n.d.).
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low- and middle-income countries (LMICs) and in particular sub-Saharan Africa bear the brunt
of the NCD mortality burden, accounting for 85% of all premature deaths globally. (NCD
Countdown 2030 collaborators, 2020). By 2030, NCDs are projected to surpass infectious,
maternal and neonatal, and undernutrition-related diseases to become the leading cause of
disability in Africa (Agyepong et al., 2017). This surge in NCD cases is primarily driven by
rampant increases in CVDs and diabetes, and continues to rise in southern African countries. In
South Africa, recent national estimates indicate that diseases of the cardiovascular system have
overtaken infectious agents as the leading cause of mortality, signifying an important change since

2009 (Figure 1) (Statistics South Africa, 2018).
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Figure 1. Leading causes of death in South Africa by disease group between 2016 and 2018,
adapted from Statistics South Africa (2018).

However, disparities in mortality outcomes from NCDs among population sectors in South Africa
have been reported, reflecting persistent health inequalities (Kabudula et al., 2017; Pillay-van Wyk
et al., 2016). Concretely, disparities become evident in the scarce access to treatment for NCD risk
factors prevalent in poor communities (Bradshaw et al., 2019; Pillay-van Wyk et al., 2016). Indeed,
South Africa has poorer health outcomes compared to countries at a similar level of development,
which has been ascribed to wealth and health inequalities (Coovadia et al., 2009). Despite being

classified as an upper-middle income country by the World Bank, South Africa faces substantial
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challenges in terms of poverty and inequality. The Gini index, a measure of inequality, places
South Africa as the most unequal country globally, with over 50% of its population living in
poverty (World Bank, n.d.). Furthermore, the Human Capital Index, an indicator of country
prosperity, reveals that South Africa’s current state of health and education is only able to utilise
43% of its citizens’ potential to contribute as productive members of society (World Bank, 2020).
As a result, the rapidly evolving health and disease landscape in South Africa carries significant

implications both for economic progress and poverty alleviation.

These findings underscore the need to re-evaluate the country’s public health system to include
measures tackling social determinants of health while strengthening the management and

prevention of NCDs and their risk factors.
1.1.2. Burden of cardiometabolic risk factors in children

Cardiometabolic NCDs like CVDs and diabetes have typically been attributed to adulthoods
because of their late manifestation. Nonetheless, emerging research is shedding light on the early-
life origins of these diseases, supported by extensive evidence demonstrating the presence of

(generally asymptomatic) metabolic precursors in children (Ajala et al., 2017; Wang et al., 2013).

Global analyses have revealed a 75% increase in paediatric hypertension between 2000 and 2015
(Song et al., 2019). This trend has been observed in Africa as well, with the rampant escalation in
childhood obesity being a major contributing factor (Noubiap et al., 2017). Indeed, the largest
surge in obesity among children and adolescents worldwide over the past five decades occurred in
southern Africa, with an approximate 400% increase each decade (NCD Risk Factor
Collaboration, 2017). In South Africa, Armstrong et al. (2011) have reported an upward trend in
the prevalence of overweight (from 1.2% to 13%) and obesity (from 0.2% to 3.3%) among school-
aged children between 1994 and 2004. Cross-sectional studies have confirmed the widespread
existence of risk factors among South African children. A study involving 975 schoolchildren from
disadvantaged areas encountered that a significant proportion (43.3%) presented at least one
cardiometabolic risk factor (Dolley et al., 2022). In a similar population, approximately every fifth
child was overweight, while more than one third displayed signs of hypertension (Gerber et al.,

2018; Joubert et al., 2021).
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Importantly, it has been observed that these cardiometabolic risk factors track into adulthood
(Ajala et al., 2017; Drozdz et al., 2021). Drozdz et al. (2021) found that obesity in adolescence
persisted beyond the age of 30 in 70% of cases, while childhood dyslipidaemia, hyperinsulinemia,
and hypertension increased cardiovascular risk later in life. Similarly, in LMICs, Joshi et al. (2014)
reported the tracking of several CVD risk factors from childhood into adulthood, with the strongest
associations described for adiposity and total cholesterol. Consequently, the American Heart
Association identifies children with increased adiposity, elevated blood pressure, dyslipidaemia,
or insulin resistance to be particularly vulnerable to adverse health outcomes and premature risk

for CVDs (de Ferranti et al., 2019).

Moreover, the COVID-19 pandemic has been reported to have worsened the prevalence of risk
factors among children and adolescents worldwide (Cena et al., 2021). According to the authors,
the accompanying lockdown measures and isolation have favoured unhealthy lifestyles, leading to

weight gains in children.

Considering the early onset and escalating burden of preclinical precursors of chronic diseases
together with the enhanced risk for CVD development, prioritising the identification and
prevention of common risks factors among children and adolescents is crucial for preventing

NCDs in the general population.
1.1.3. Surveillance

To effectively assess, monitor, and address disease trends, accurate and detailed epidemiological
data is necessary. However, in transitioning economies like South Africa, there is a lack of
established surveillance systems to collect comprehensive health information at the population
level (Bradshaw et al., 2019). In turn, the dearth of accurate data on NCDs is known to hinder
understanding the epidemiology of these diseases and their associated risk factors in sub-Saharan
Africa (Gouda et al., 2019). Hence, an urgent need exists to enhance the surveillance of
cardiometabolic disease risk in LMICs (Miranda et al., 2019), and in South Africa particularly
(Bradshaw et al., 2007).

Furthermore, effective NCD surveillance relies on the availability of appropriate methods to
identify the diverse array of risk factors in specific populations. However, despite the consensus

on the key individual components constituting cardiometabolic risk, namely adiposity,
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hypertension, dyslipidaemia, and glucose intolerance (Andersen et al., 2015), there is a lack of
agreement on the most effective approach to identify the risk associated with these risk factors in

children (Stavnsbo et al., 2018).

Adiposity

Various reference growth curves, accounting for sex, age, and height, have been developed to
define adiposity in children and adolescents (Centers for Disease Control and Prevention, 2000;
Cole & Lobstein, 2012; de Onis et al., 2007). Among these, the BMI-for-age norm charts
developed by World Health Organization (WHO), based on datasets from 22 countries, are
considered the gold standard for determining childhood overweight and obesity in clinical and

epidemiological settings worldwide (de Onis et al., 2007; Lobstein, 2017).

Hypertension

Regarding paediatric hypertension, national normative percentiles accounting for sex, age, and sex
have been devised, with two of the most widely used originating from the United States and
Germany (Flynn et al., 2017; Neuhauser et al., 2011). However, the establishment of a universal

reference and the harmonisation of blood pressure assessment and analysis are still pending.

Hyperglycaemia

Moreover, there is an absence of standardised normative charts for plasma glucose, in spite of the
recognised transient change in the metabolism of glucose during puberty (Nyangasa et al., 2019).
As a result, population-wide cut-offs defined by the American Diabetes Association for glycated
haemoglobin (HbA1C) are commonly employed in epidemiology to identify pre- and diabetes in
both children and adults (American Diabetes Association, 2020).

Dyslipidaemia

Age- and sex-specific curves have been developed for lipids, mostly on a national or regional scale
(Balder et al., 2018; Li et al., 2021; Nielsen et al., 2017; Skinner et al., 2012). Still, the assessment
of individual lipid concentrations and the use of unique cut-offs continue to be the prevailing
practice at the international level (Expert Panel on Integrated Guidelines for Cardiovascular Health
and Risk Reduction in Children and Adolescents & National Heart Lung and Blood Institute,
2011).
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Furthermore, attempts to establish standardised references for risk parameters reveal a notable
underrepresentation of African paediatric populations, hence limiting their applicability in this
specific context. For instance, Stavnsbo et al. (2018) have proposed reference values for common
cardiometabolic risk factors, albeit based solely on data from European and American children.
Similarly, Xi et al. (2016) aggregated data from seven nations to develop global references for
blood pressure, none of which originated from sub-Saharan Africa. Importantly, the constrained
transferability of metabolic disease risk among racial groups has been acknowledged (Hudda et
al., 2022; Nieto-Martinez et al., 2021). Specifically regarding blood pressure, no normative tables
for African children exist, while a low consistency between international and national normative

values has been noted (Agirbasli et al., 2020).

Given the apparent inadequacy of applying universal references across diverse contexts, ensuring
the appropriateness of methods to assess the prevalence of NCD risk factors in the African
paediatric population is crucial. This, in turn, will allow to guide effective disease prevention

strategies.
1.2. Physical activity

Physical activity is defined as movements executed by skeletal muscles that demand increased
energy expenditure and encompasses a broad spectrum of activities, including walking, sports,
household chores, and play, to name a few (World Health Organization, n.d.-b). Extensive research
has shown that physical activity offers numerous health benefits, with evidence suggesting a dose-
response relationship, whereby longer durations and higher intensities yield greater health
advantages (Bull et al., 2020; Janssen & LeBlanc, 2010). Notably, physical activity plays a crucial
role in the prevention and management of chronic conditions. Indeed, strong and consistent
evidence supports the inverse association between total physical activity and adiposity, as well as
cardiometabolic risk markers like blood pressure, cholesterol, or fasting glucose (Poitras et al.,
2016; Roman-Vinas et al., 2016). Thus, sustained physical activity has emerged as an independent
predictor of CVD outcomes and is associated with a lower risk of mortality among adults (Moholdt

etal., 2018).

Consequently, low levels of physical activity and sedentary behaviours, defined as energy
expenditure below 1.5 metabolic equivalent task while in sitting, reclining or lying (Tremblay et

al., 2017), are related to an increased risk for cardiometabolic conditions, with up to a 30% greater
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risk of all-cause mortality (World Health Organization, n.d.-b). The global impact of physical
inactivity on overall disease burden is substantial, having contributed to the rise of NCDs
worldwide (Anderson & Durstine, 2019). In fact, due to the abundance of insufficiently active
individuals globally, physical inactivity is now considered a global epidemic (Pratt et al., 2020).
The latest global status report on physical activity estimates that between 2020 and 2030, physical
inactivity will be responsible for almost 500 million new cases of NCDs, with around 75%

occurring in LMICs (World Health Organization, 2022).

Physical inactivity has been ascribed to the adoption of unhealthy habits, specifically sedentary
behaviours driven by an increase in inactive recreational activities and screen time coupled with a
decrease in active transportation and physically demanding occupations (Kohl et al., 2012). It is
important to note that physical activity behaviour is conditioned by a combination of factors that
interact with each other (Bauman et al., 2012; Brand & Ekkekakis, 2017; Giles-Corti & Donovan,
2002). On the one hand, personal determinants, such as age, sex, preferences, and inherent
motivation strongly shape individual engagement in physical activities. On the other hand, social
support and the environment play a significant role in influencing the personal motivation and
providing opportunities for physical activity (Giles-Corti & Donovan, 2002; Haughton McNeill et
al., 2006). Moreover, the impact of policies at local, regional, or national levels cannot be
underestimated, as they have the potential to influence population-wide behaviours over extended

periods (Bauman et al., 2012).

In conclusion, it becomes evident that prioritising the promotion of active lifestyles with context-
appropriate interventions is essential to effectively address the considerable health burden

associated with NCDs.
1.2.1. The case of South Aftrica

Africa in general and South Africa in particular are witnessing a rapid growth of urban settlements
that is transforming the structure of cities (Weimann & Oni, 2019). The expansion of cities brings
about significant environmental changes, including the conversion of green spaces into built-up
areas, increased motorised transportation, and the disappearance of pavements, resulting in
reduced levels of daily physical activity (Juma et al., 2020). Notably, several studies have affirmed
that adults and children residing in urban areas of sub-Saharan Africa, concretely in South Africa,

engage in lower levels of activity compared to their rural counterparts (Mabweazara et al., 2019;
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Mashili et al., 2018; Wachira et al., 2022). Safety concerns from crime and traffic add to the
unfavourable built environment as major barriers for engaging in recreational physical activity in
upper-middle countries like South Africa (Oyeyemi et al., 2021). Consequently, the low
prioritisation of physical activity in these settings is evident, where active behaviours result from
“need” rather than “choice” (Lambert et al., 2020). This prioritisation is reflected in the South

African education system, where physical education holds a lower status than academic subjects.

Physical education

Over the past decades, physical education in South Africa has undergone significant developments.
During the apartheid era, physical education curricula varied among schools based on ethnic
groups, leading to privileged, white schools having more comprehensive syllabi and greater
opportunities for physical activity compared to other schools (Stroebel et al., 2016). The end of
apartheid brought about an educational reform (Department of Education, 1997) that resulted in
physical education losing its standalone subject status in 1998, and in its integration into the
broader learning area of Life Skills for grades R to 6 and Life Orientation for grades 7 to 12
(Department of Basic Education, 2011a, 2011b, 201 1c). These subjects comprise, besides physical
education, other learning areas such as beginning knowledge, personal and social wellbeing, and
creative arts. As a consequence of the integration, the emphasis on physical education diminished,
leading to reduced curriculum time for this learning area. Moreover, the responsibility for teaching
physical education shifted from specialists to generalist educators, posing further challenges such
as low teaching competency and motivation, especially in low-resourced schools (Burnett, 2020;

Draper et al., 2010a; Stroebel et al., 2017).

The apartheid legacy continues to manifest in the unequal availability and condition of sports
facilities and equipment between historically advantaged and disadvantaged schools (Draper et al.,
2010a; Stroebel et al., 2016). A comprehensive investigation into the current state of physical
education in South Africa confirmed that schools situated in lower-income settings like townships
and rural areas, still face resource limitations, which significantly hinder the effective delivery of
physical education (Stroebel, 2020). Further challenges include competing priorities, high
workload, staff turnover, large class sizes, and insufficient funds, to name a few (Draper et al.,
2010a; Hill et al., 2015; Stroebel, 2020). Furthermore, the limited opportunity for physical activity

participation in these schools extends beyond the scope of physical education and arises as well
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from the absence of, or inaccessibility to, organised sports, activity clubs, or chances for outdoor

play (Van Hout et al., 2013; Vosloo & du Toit, 2023).

Hence, strengthening the delivery of physical education in schools from low-income areas in South
Africa is essential to provide more opportunities for children to partake in physical activities within

the school environment.
1.2.2. Burden of physical inactivity in children

The association between physical activity and improved cardiovascular health has also been
observed in children (Climie et al., 2021; Janssen & LeBlanc, 2010). In addition, recent research
indicates that the former can enhance the mental health and cognitive development of children and
adolescents (Carney & Firth, 2021; Dzhambov et al., 2023). Other benefits known to be important
in promoting human capital, particularly academic achievement and motor and social skills, have
also been reported to improve with regular physical activity (Bull et al., 2020; Haugland et al.,
2023; Michael et al., 2015) and physical education (Ramires et al., 2023). Given that the positive
impact of regular physical activity on cardiometabolic risk factors (Gerber et al.,, 2018;
Moselakgom & Staden, 2018; Miiller et al., 2020), fundamental movement skills (van Niekerk et
al., 2016), and quality of life (Gall et al., 2020) has been confirmed for South African children, the
limited availability of physical education and recreational opportunities in low-income

communities in South Africa is particularly concerning.

Current guidelines for children and adolescents aged 5 to 17 recommend a minimum of 60 minutes
per day of moderate-to-vigorous intensity physical activity (MVPA) (Bull et al., 2020). However,
global estimates reveal that a significant proportion of school-aged adolescents fail to meet these
recommendations, with 81% worldwide falling short in 2016, and a higher prevalence observed in
sub-Saharan Africa (86.2%) (Guthold et al., 2020). Similarly, Xu et al. (2020) found that only

16.6% of children in the African region achieve the recommended MVPA levels .

However, it is important to note two shortcomings when estimating the prevalence of physical
inactivity among children and adolescents. Firstly, data availability is scarce in certain regions. A
study on the global trends in physical inactivity among adolescents revealed that only 30% of
countries from sub-Saharan Africa had data available (Guthold et al., 2020). Secondly, the

estimated prevalence varies greatly in the literature, primarily attributed to inconsistent
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measurement methodologies (Aubert et al., 2021). In South Africa, the absence of nationally
representative data poses a significant challenge in assessing the prevalence of insufficient
physical activity. Based on regional samples, the prevalence ranges from 23% to 73% (Muthuri et
al., 2016; Naidoo et al., 2022; Salvini et al., 2018; Sedumedi et al., 2021; Van Biljon et al., 2018).
Relying on inaccurate and discrepant prevalence of physical inactivity rates may result in an
underestimation of the problem, consequently hindering its prioritisation on the public health

agenda.

Along these lines and despite the global endorsement of physical activity over the past two decades
(World Health Organization, 2010), global trends show limited progress in reducing the prevalence
of physical inactivity among school-aged children (Guthold et al., 2020). Moreover, the COVID-
19 pandemic has further exacerbated the conundrum by negatively impacting the physical activity
levels of the general population (Cena et al., 2021). The closure of schools during the pandemic
has deprived children of opportunities to engage in physical activity, especially in communities

where options for sports and recreation are limited (World Health Organization, 2022).

The high prevalence of insufficiently active youth emphasises the urgency to promote health-
enhancing physical activity to prevent the development of NCDs in the long run and, especially
among children living in disadvantaged settings, foster human capital. Moreover, the scarcity of
available data and disparities in physical inactivity estimates in certain regions call for the

harmonisation of its measurement to enhance the reliability of physical activity surveillance.
1.2.3. Surveillance

Broadly, two main categories of instruments are used to assess physical activity: self-reported and
device-based methodologies. Self-reported methods include tools such as questionnaires, diaries,
or observations, while device-based instruments utilise accelerometers, pedometers, and heart rate
monitors among others (Prince et al., 2008). Device-based technology offers higher accuracy and
the ability to measure intensity, duration, and frequency of movement. Meanwhile, it is also
associated with higher costs and time requirements as well as a series of subjective decisions,
including analysis algorithms, non-wear-time definitions, or cut points for different intensities
among others (Skender et al., 2016). Self-reported methods provide a cost-effective alternative,
allowing for larger population coverage in a shorter timeframe without requiring expensive

technological solutions (Chinapaw, 2010). However, they are also prone to recall bias and social
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desirability leading to a tendency to overestimate activity levels, especially in youth (Chinapaw,
2010). As a consequence, LMICs, and concretely South Africa, predominantly use self-reported
methods, while HICs tend to rely on wearable devices (Guthold et al., 2020; Klingberg et al., 2019;
van Sluijs et al., 2021). The use of varied assessment methods further hampers the monitoring and

comparability of the prevalence of physical inactivity (Errisuriz et al., 2018; Guthold et al., 2020).

Numerous studies have shown inconsistencies between assessment methods. Particularly for self-
reported and wearable devices, a systematic review found only moderate convergent validity
between the Physical Activity Questionnaire for Children (PAQ-C) and accelerometer-measured
MVPA, suggesting that each method might assess different constructs of physical activity in
children (Marasso et al., 2021). Monyeki et al. (2018) similarly observed limited agreement in
physical activity assessments between an accelerometer device and a brief questionnaire in South
African adolescents. In addition, Pedisic and Bauman (2015) evidence a poor generalisability and
validity of accelerometry findings ascribed to the absence of consensus on data collection and
standardisation. The incongruent validity of measurement instruments and limited generalisability
of results signal that questions persist regarding the most suitable method for surveillance

purposes.

To monitor progress in physical activity levels and its impact on improved health in lower-income
nations, it is important to rely on appraisal tools that are sensitive to the cultural context and the
pattern of physical activity and disease in the population. The relationship between physical
activity and health outcomes in LMICs and underserved communities, especially among children,
remains an evidence gap (Bull et al., 2020). Some studies have explored the association of physical
activity with cardiometabolic markers in the South African context (Gerber et al., 2018; Miiller et
al., 2020; Ngweniso et al., 2021b; Sedumedi et al., 2021), yet, few have compared different
methodologies in their relationship with cardiovascular risk. Thus, a better understanding of how
assessment methodologies and specific movement constructs correlate with risk outcomes in

certain populations can advance health and physical activity surveillance.

In conclusion, accurate representation of the true burden of physical inactivity in the society is
crucial to convince decision makers and galvanise public support for health and physical activity

promotion.
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1.3. Health and physical activity promotion
1.3.1. Call to action

The burden of NCDs has become increasingly apparent in recent years, prompting governments
worldwide to acknowledge their responsibility in addressing this challenge (McBride et al., 2019).
In 2013, the WHO endorsed the “Global action plan for the prevention and control of NCDs 2013—
2020 to support national efforts and foster international cooperation in adapting to the evolving
disease pattern (World Health Organization, 2013). Subsequently, the United Nations incorporated
the fight against NCDs into the Sustainable Development Goal (SDG) number 3 “Ensure healthy
lives and promote well-being for all at all ages”. Since then, South Africa and other influential
economies have committed to supporting the global health agenda against NCDs (McBride et al.,
2019). Yet, the first analysis of progress towards SDG target 3.4, aimed at reducing premature
mortality from NCDs by one third before 2030, has revealed that the improvement pace is

insufficient to achieve this objective (NCD Countdown collaborators, 2018).

Notably, treating apparent NCD and metabolic risk factors to avoid immediate mortality and
disability will not be sufficient to halt the increase and reduce the incidence of chronic conditions.
Primary prevention, instead, reduces vulnerability to disease development by addressing macro-
level factors to create advantageous physical, social, and policy environments (Bloom et al., 2011).
Modern public health thus requires comprehensive actions beyond the health system to tackle
modifiable risk factors in the population (Tulchinsky et al., 2023). However, research suggests that
African countries are lagging behind in prioritising health promotion interventions and
implementing policies to prevent the underlying risk factors driving the NCD epidemic (Juma et
al., 2020). This challenge is mainly driven by African nations being compelled to make choices on

how to allocate their limited resources among competing public priorities.

Paralleling the growing awareness of NCDs, the significance of physical activity in improving
health and reducing cardiometabolic risk has gained increased recognition in the global public
health community (Ding et al., 2020). Thus, similar international initiatives have been established
to lessen the burden of physical inactivity. Most notably, WHO member states approved the
“Global Action Plan on Physical Activity (GAPPA) 2018-2030”, setting a target to reduce
insufficient physical activity levels by 15% among adults and adolescents worldwide by 2030
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(World Health Organization, 2018). Despite these efforts, evidence has shown that ineffective
operationalisation of physical activity policies has led to implementation gaps, resulting in the
stagnant rates of physical inactivity (Volf et al., 2023; World Health Organization, 2022). To
address this shortcoming, the GAPPA advocates combining broader inter-sectoral policies with
targeted individual strategies (World Health Organization, 2018). Concretely, strategy 3.1.
“Enhance physical education and school based programmes” (p. 45) highlights the importance of
educational settings in supporting enhanced physical activity to foster long-term positive health
outcomes in the population. Hence, the education sector is considered key in the fight against

NCDs, especially in LMICs (Ndubuisi, 2021).

As described above, many cardiometabolic dysfunctions have their origin in unhealthy behaviours.
In turn, these habits are typically acquired during childhood and adolescence (Uddin et al., 2020).
Importantly, consistent findings indicate that physical activity declines with age, particularly
during adolescence (Aubert et al., 2021; Dumith et al., 2011), and that inactivity patterns track into
adulthood (Corder et al., 2019; van Sluijs et al., 2021). Given that inactive children and those
presenting premature signs of CVDs are at greater health risk later in life, intervening early in life
is crucial for instilling and reinforcing healthy habits and effectively preventing the development
of NCDs. Thus, disease prevention initiatives must broaden their focus to modify health habits,
with a strong emphasis on prompting increased physical activity among underprivileged

populations, younger age groups, and children with an elevated cardiovascular risk.
1.3.2. School-based programmes

Schools serve as a formal and stable structure to reach a large proportion of children from various
socioeconomic backgrounds. Interestingly, schools, and particularly primary schools, possess the
unique capacity to influence habits from an early age, making them an ideal environment to
promote physical activity and healthy lifestyles (Carson et al., 2014; Naylor & McKay, 2009).
Given that children and adolescents spend a considerable portion of their day at school, it also
presents an excellent opportunity to help them achieve the recommended daily physical activity

(Naylor & McKay, 2009).

Particularly physical education ensures the formal provision of physical activity in schools.
Physical education plays a crucial role in teaching movement skills, fostering positive attitudes

towards exercise, and instilling the value of lifelong engagement in physical activity for the next
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generations (Ramires et al., 2023; Yuksel et al., 2020). Research has demonstrated that
participation in physical education is associated with increased physical activity in nations across
the globe (Cheung, 2017; Silva et al., 2018). Nonetheless, physical education alone will not suffice
to help children and adolescents achieve the recommended daily minimum physical activity.
Firstly, the time spent in MVPA during physical education lessons has been reported to contribute
minimally to total MVPA levels throughout the week (Johansen et al., 2023; Lonsdale et al., 2013).
Secondly, the quantity, quality, and scope of physical education lessons worldwide often fail to
meet the standards of “Quality Physical Education” defined by UNESCO (Goslin, 2020;
UNESCO, 2014; Yuksel et al., 2020). Therefore, while physical education should remain the
cornerstone of school-based physical activity, adopting complementary, comprehensive, and cost-
effective approaches is recommended to effectively influence daily movement among students,

especially MVPA, and promote lifelong engagement in physical activity.

Programmes implemented in the school setting aiming to improve physical activity and overall
health may include one or more strategies, such as enhanced physical education, active learning
and breaks, before and after school activities, and family and community engagement (Milton et
al., 2021; Neil-Sztramko et al., 2021). The efficacy of such school-based interventions has yielded
contradictory findings. While some studies report positive albeit modest outcomes (Mannocci et
al., 2020; Nally et al., 2021; Pfledderer et al., 2021), others show inconclusive or negligible effects
(Errisuriz et al., 2018; Jones et al., 2020; Love et al., 2019; Neil-Sztramko et al., 2021). Authors
do agree however that comprehensive school physical activity programmes combining different
intervention strategies have shown the most promising results worldwide (Klingberg et al., 2019;
Neil-Sztramko et al., 2021; Pfledderer et al., 2021). Authors have also claimed that to ensure the
efficacy of school-based interventions, these must be aligned with the school curriculum (van

Sluijs et al., 2021) and tailored to the needs of the targeted population (Lambrinou et al., 2020).

Importantly, health-enhancing school-based interventions often fail to reach those who need them
most, particularly less-active children such as those who are overweight and girls (Hartwig et al.,
2021). Researchers have hence questioned whether current programmes facilitate sufficient and
adequate physical activity opportunities for girls at school (Johansen et al., 2023). According to
the GAPPA, efforts must be made “to engage with, and increase the opportunities for, physical

activity in the least active groups... such as girls... and vulnerable or marginalized populations”
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(World Health Organization, 2018, p. 37), which warrants further investigation into intervention

effects among young sub-populations in vulnerable situations.

Furthermore, long-term outcome data on the effectiveness of physical activity interventions is
scarce, but indicates that positive effects observed in the short-term are difficult to maintain over
time (Lai et al., 2014; Nguyen et al., 2016). A major factor contributing to the attenuation of
beneficial results is the discontinuation of interventions (Herlitz et al., 2020). Indeed, the
sustainability of public health programmes has been recognised as a prominent challenge in
translating research into practice (Shelton et al., 2018). Therefore, incorporating follow-up
measures to assess the maintenance of desired outcomes and continuation of school-based physical

activity and health-enhancing programmes is warranted.
1.3.3. Evaluation of school-based programmes

The exposed evidence suggests that comprehensive school-based health promotion interventions
may improve health behaviours and cardiovascular outcomes among children and adolescents, but
that the actual outputs of these programmes often diverge from the anticipated ones. The
discrepancy in outcomes has been attributed to the intricate interplay of contextual factors present
in the school settings in which interventions take place (Darlington et al., 2018). Such contextual
factors encompass both internal and external conditions, including intervention characteristics,
staff engagement, executive support, or system policies, and significantly influence the
implementation process and subsequent outcomes of health programmes (Shoesmith et al., 2021;
Wolfenden et al., 2022). Therefore, gaining a comprehensive understanding of contextual
determinants is central to assess their impact on the effective implementation of health promotion
programmes in educational settings. This is particularly relevant for schools of lower
socioeconomic status, where challenges during programme implementation are more apparent

(Darlington et al., 2018).

Implementation science

Implementation science is a relatively new field seeking to bridge this gap between research and
public health practice. It is defined as “the scientific study of methods to promote the systematic
uptake of... evidence-based practices into routine practice, and, hence, to improve the quality and

effectiveness of health services” (Eccles & Mittman, 2006, p. 1). The rapid growth of
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implementation research over the past years has given rise to a plethora of theories, models, and
frameworks (Tabak et al., 2012). In turn, implementation science is operationalised through the
use of implementation strategies and implementation outcomes. Implementation strategies
represent a diverse range of techniques and methods employed to increase the adoption,
implementation, and sustainability of programmes, interventions, or practices (Proctor, 2013).
Meanwhile, implementation outcomes are measures of the extent and quality of the
implementation process, and are considered the primary outcomes of implementation science
(Curran, 2020). A practical taxonomy of implementation outcomes has been proposed by Proctor
et al. (2011) and include the domains of acceptability, adoption, appropriateness, cost, feasibility,

fidelity, penetration, and sustainability.

The use of implementation science is gaining popularity in other domains within (and outside)
public health, with growing albeit still limited evidence in community settings like schools
(Wolfenden et al., 2019). A Cochrane review analysing strategies that facilitate the implementation
of school-based practices targeting behavioural risk factors for chronic diseases has reported
substantial improvements on implementation outcomes (Wolfenden et al., 2022). In another
review on NCD prevention strategies in the community, the same authors point out that while
fidelity, penetration, and adoption were the most commonly reported outcomes, evidence on
acceptability, feasibility, costs, and sustainability was limited (Wolfenden et al., 2019). However,

the use of implementation science in the field of physical activity is still an emerging area.

The literature on school-based physical activity interventions is dominated by efficacy studies,
whereas an evident gap exists linking health outcomes to programme implementation (Naylor et
al., 2015). Furthermore, the available body of literature on implementation research in physical
activity has thus far focused on the context of these efficacy trials. Meanwhile, evidence on
implementation under real-world conditions is uncommon yet necessary to achieve population
impact (Cassar et al., 2019). Another recognised shortcoming of implementation science in health
promotion in general and physical activity in particular is the use of different or not validated
frameworks, while many studies fail to report them altogether (Bodkin & Hakimi, 2020; Cassar et
al., 2019).

Thus, to optimise NCD prevention interventions within the realities of the educational system,

researchers have advocated for more extensive research on implementation utilising established
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frameworks and a comprehensive array of implementation outcomes (van Sluijs et al., 2021;
Wolfenden et al., 2019). Particularly during the sustainability phase, additional research is
warranted to support the successful integration of school-based physical activity interventions in
real-world settings, especially in LMICs and resource-limited communities, where empirical
evidence remains scarce (Cassar et al., 2019; Hailemariam et al., 2019; Yapa & Barnighausen,

2018).
1.3.4. The case of South Africa

The available evidence on health promoting programmes embedded in schools in Africa is limited
(Adom et al., 2019; Klingberg et al., 2019; Salam et al., 2020; van Sluijs et al., 2021), as
highlighted by the representation from only one sub-Saharan African country, namely South
Africa, in the umbrella review by Barbosa Filho et al. (2016) exploring physical activity promotion
worldwide. Similarly, the Global Observatory for Physical Activity reported the lowest capacity
for physical activity promotion in Africa (Ramirez Varela et al., 2022). Pratt et al. (2020) argue
that the lack of understanding of how best to promote physical activity in LMICs is holding back
the global progress in the fight against the physical inactivity pandemic.

In South Africa, the significant burden of disease and mortality inequalities emphasises the
importance of addressing social determinants of health (Pillay-van Wyk et al., 2016). The national
strategic plan for the prevention and control of NCDs 2013-2017 advocates the primary prevention
of NCDs and their risk factors through cost-effective interventions (sub-strategy 1) (National
Department of Health, 2013). The plan specifically calls for policies and actions seeking to
increase physical activity “in all aspects of daily living, such as giving priority to regular and
intense physical education classes in schools” (p. 69). However, the gap between policy and
implementation is evident in South Africa as well. Despite documented calls to reinstate physical
education as a mandatory, independent subject in the South African school curriculum, tangible
progress remains elusive (Burnett, 2020; Draper et al., 2018). Consequently, strengthening
physical education in schools through comprehensive programmes emerges as a crucial strategy
to promote physical activity and mitigate risk factors for chronic diseases among South African

youth, especially those residing in under-resourced areas (Bradshaw et al., 2007).
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Health-enhancing initiatives in South African schools

Several projects have been initiated in quintiles 1 to 3 schools, denoting non-fee paying public
schools (quintiles 4 to 5 represent higher-income, paying public schools), which are typically

situated in low-income communities.

Walter (2014) designed an intervention focusing on low-cost environmental adaptations to prompt
free play through games and basic equipment. Implemented in three peri-urban primary schools in
the Ggeberha area, the intervention significantly raised children’s MVPA levels during school,
demonstrating that basic environmental changes might be an effective and affordable strategy to

enhance physical activity in these settings.

Adding to the provision of basic materials, Naidoo and Coopoo (2012) developed classroom-based
lessons aligned with the school curriculum and supported by training workshops for educators.
Eleven primary schools from diverse settings in KwaZulu-Natal partook in the study, reporting a
significant increase in learners’ participation during physical education classes. The efficient
delivery of the intervention by Life Orientation educators led the authors to recommend
complementing such initiatives with workshops designed to enhance knowledge and skills among

generalist teachers.

A school-based and family physical activity intervention was delivered in one experimental school
in the Clemont Township of KwaZulu-Natal focusing on strengthening physical activity within
the existing physical education curriculum (Nyawose & Naidoo, 2016). The intervention yielded
positive results, with learners increasing their participation in physical education classes and

teachers stating an increased confidence in its teaching.

Similarly, the Healthnutz intervention integrated physical activities and health education lessons
into the Life Orientation curriculum, providing training for classroom teachers in three urban
primary schools in the Alexandra Township, Johannesburg (Draper et al., 2010a). The results were
promising, with both learners and teachers reporting an enhanced perceived value of physical
activity in the schools, reduced barriers to its implementation, and an overall healthier school
environment. Teachers emphasised the need for external support and capacity development.
Furthermore, follow-up visits to the Healthnutz schools showed that the intervention was no longer

being implemented as originally intended, although certain cultural changes might have endured.
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This observation led Draper et al. (2010a) to highlight the importance of investigating the

sustainability of future interventions.

In contrast, the low-intensity intervention HealthKick aimed at increasing nutrition and physical
activity in eight historically disadvantaged schools in the Western Cape did not yield significant
improvements (Draper et al., 2010b). Co-implementation schools engaged in goal-setting action
planning, and received resources with lesson plans, implementation strategies, and a curriculum
as well as basic equipment. However, only 25.9% of planned actions were implemented by the
schools, and no improvements in determinants of physical activity were observed (de Villiers et
al., 2015; Uys et al., 2016a). The authors concluded that a more structured strategy, including
prescribed exercises and lessons, might be necessary to achieve results in these communities (Hill

etal., 2015).

Lastly, the “Disease, activity and schoolchildren’s health” (DASH) project was created to improve
the health of children in impoverished areas of the Eastern Cape, with a focus on parasitic
infections and physical activity (Yap et al., 2015). The intervention comprised three components:
regular physical activity through curriculum-adapted physical education and dancing lessons,
health education to increase hygiene and sanitation awareness, and nutritional lessons. It was found
that the intervention successfully impacted adiposity measures, but not cardiorespiratory fitness
(Gerber et al., 2018; Miiller et al., 2019a). A positive association of physical activity with quality
of life and parasitic infections was also described, indicating the need for a holistic approach to
effectively improve children’s overall health through school-based interventions in these areas

(Gerber et al., 2018; Salvini et al., 2018).

These initiatives underscore the value of promoting physical activity in disadvantaged areas of
South Africa, yet they reveal that successful implementation faces considerable challenges that
demand thorough examination of contextual factors and ongoing evaluation. A systematic review
on obesity prevention programmes in Africa highlighted their promising impact on physical
activity but unveiled a generally low quality of the evidence and a lack of formal process
evaluations (Klingberg et al., 2019). Among the aforementioned South African initiatives, the
HealthKick intervention stands out for conducting a comprehensive process evaluation (de Villiers
et al., 2012; de Villiers et al., 2015; Hill et al., 2015; Uys et al., 2016a), although not guided by a
theoretical framework (Draper et al., 2010b). In line with the findings of the Healthy Active Kids
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Report South Africa 2016, there is a need for more robust study designs to assess the effectiveness
of existing school-based health and physical activity programmes in the country, along with

comprehensive process evaluations (Uys et al., 2016b).
1.4. The KaziKidz intervention

Building on previous physical activity and health-enhancing programmes in South African schools
from disadvantaged communities, particularly the DASH study (Yap et al., 2015), the KaziBantu
project “Healthy Schools for Healthy Communities” was developed under the umbrella of the

UNESCO Chair on “Physical Activity and Health in Educational Settings” (Miiller et al., 2019b).

The project’s overarching aim is to improve health and well-being in these communities of learners
and teachers by fostering physical and health literacy, aligning with SDG3 “Good Health and
Wellbeing” and 4 “Quality Education” (United Nations, 2015a, 2015b).

The KaziBantu project was introduced in peri-urban areas surrounding the city of Ggeberha,
situated in the Nelson Mandela Bay Municipality of the Eastern Cape province of South Africa.
These areas represent townships, which are historically disadvantaged communities designated
during the apartheid era for occupation by people of colour and purposefully segregated from urban
centres (Donaldson, 2014). The enduring impact of this unique historical background on the
development of townships has resulted in their persistent marginalisation, with spatial, social,
economic, and political exclusion still prevalent to this day. As a result, these areas continue to
suffer from significant hardship, including high levels of poverty, inadequate housing,

unemployment, crime, and limited educational opportunities (Jiirgens et al., 2013).

The novelty and significance of KaziBantu lie in its dual approach, whereby two different but
complementary programmes were designed to address the needs of both school learners and their
teachers. On the one hand, KaziHealth is a workplace intervention grounded on a behavioural
change model, seeking to promote healthier choices, enhanced physical activity, better nutrition,
and improved psychosocial health for teachers. As a 5-step programme, it begins with a health
assessment to identify risk areas, followed by lifestyle coaching to improve health behaviours and
supported by freely available resources to monitor progress including the KaziHealth mobile
application. On the other hand, KaziKidz focuses on children’s health and involves a multi-
component intervention targeting various aspects of health and physical activity in schools. Its

primary objective is to support Life Skills and Life Orientation teachers in delivering high quality,
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comprehensive physical and health education to foster physically active and health-promoting

lifestyles among learners.

The KaziKidz programme encompasses a teachers’ toolkit with readily available lessons covering
three main pillars: physical education, moving to music, and health, hygiene, and nutrition
education. These lessons align with the current Life Skills and Life Orientation curriculum for
grades 1 to 7 and are delivered once a week throughout the scholar year. Emphasising joyful
participation in physical activities through games and fun, the lessons are complemented with
small environmental changes including painted games on the playground, such as hopscotch, 4-
square, or mazes, as well as the facilitation of basic physical activity equipment like skipping

ropes, balls, bean bags, and others.

KaziKidz was initially piloted in two primary schools in 2018, and teachers’ feedback was used
for material revision. In 2019, KaziKidz was implemented as a clustered randomised controlled
trial (RCT) in eight quintile 3 public primary schools, with four schools receiving the teaching
materials and delivering the intervention, while another four schools acted as control. Furthermore,
the study design was devised to simultaneously test and compare four different implementation
strategies. In addition to the KaziKidz toolkit, the intervention schools received diverse types of
support from the research team. Specifically, one school engaged in two training workshops for
generalist teachers, another school received coaching from a physical education coach, and a third
school had both forms of support. The fourth school did not receive any additional assistance. The
KaziKidz intervention spanned a 20-week period, with two rounds of data assessments carried out
at baseline in January to February 2019 and post-intervention in August to September 2019. The
intervention’s efficacy was evaluated as its impact on diverse health outcomes, including physical
activity, physical fitness, anthropometric measures, cardiometabolic risk markers, psychosocial

health, and cognitive and academic performance.

After concluding the RCT, a follow-up mixed-methods study was initiated in 2020 to assess the
continuity of the KaziKidz programme in participating schools and its sustained effectiveness
among a sub-group of high-risk children, during the programme’s sustainability phase. To achieve
this goal, both quantitative and qualitative data were gathered in October 2021, two years after the

intervention. This data included health outcomes related to physical activity and cardiometabolic
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parameters for children at risk of NCDs as well as semi-structured and focus group interviews with
key stakeholders from the intervention schools.

The study design encompassing both the implementation and sustainability phases of KaziKidz is

visually represented in Figure 2.

KaziKidz Randomised Controlled Trial KaziKidz Follow-Up study
T rRn T i20%
All . Inte;entions‘dmofs . High-risk Intervention schools
children children
Toolkit  Toolkit + Toolkit Toolkit . . . .
workshop +coach + coach + Toolkit
workshop Key
Control schools stakeholders Control schools
2019 f Implementation phase f 2020 Sustainability phase 2021 f >
Baseline‘ Post-intervention‘ Follow-Up |

Efficacy Effectiveness

Programme continuity

Figure 2. Study design of the KaziKidz health and physical activity intervention implemented in
eight public primary schools near Ggeberha, South Africa, between 2019 and 2021.
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Chapter 2. Aims and outline of the thesis

Chapter 1 has introduced the theoretical background and situational analysis on NCDs and physical
activity as well as strategies to encourage the role of the latter in health promotion and disease

prevention, taking a particular emphasis on both children and the South African context.

In front of the background provided in Chapter 1, the following section summarises research gaps
identified in the literature that are relevant to the primary goal of this PhD thesis, the
comprehensive evaluation of the KaziKidz health promotion intervention during its sustainability
phase. The specific aims are then formulated based on the identified knowledge gaps, followed by

an overview of the steps taken to achieve the described objectives.
2.1. Knowledge gaps

Firstly, uniform, comparable, and representative data on NCDs and physical activity is essential
to make informed policy decisions regarding the monitoring and control of risk factors for NCDs
(Ndinda et al., 2018). However, the scarcity of evidence on early risk factors in children from low-
resourced settings is exacerbated by the lack of representation and harmonisation in the definition,
measurement, and identification of CVD risk factors, particularly hypertension and physical
activity (Pedisic & Bauman, 2015; Stavnsbo et al., 2018). Therefore, to evaluate the efficacy of
preventive interventions in improving determinants of chronic disease, it is necessary to
understand which constructs and methodologies are most suitable for identifying risk in the
targeted population. There is hence a need to explore the appropriateness of normative blood
pressure tables and physical activity measurement instruments in detecting elevated cardiovascular

risk among South African school-aged children.

Secondly, school-based programmes represent a promising strategy to curb the escalating burden
of NCD risk factors among children and adolescents. Nevertheless, conflicting results have
emerged regarding their potential to achieve positive outcomes, with the majority of evidence
originating from HICs (Barbosa Filho et al., 2016; Neil-Sztramko et al., 2021). Moreover, research
also denotes that the impact of physical activity programmes conducted in schools might not be
equal across all children, with less active groups often experiencing fewer benefits (Hartwig et al.,
2021). Importantly, children exhibiting a severe expression of common risk factors are particularly

vulnerable to adverse health outcomes (de Ferranti et al., 2019). Thus, further research on the
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efficacy of physical activity and health interventions is warranted to shed light on inconsistencies
found in the literature, especially among children living in socioeconomically disadvantaged

settings and presenting an elevated risk for NCDs.

Thirdly, the success of school-based interventions in improving health outcomes depends not only
on the intervention itself but also on its implementation. Evidence-based interventions are
introduced into complex systems. Here, aspects such as the acceptance by key stakeholders or the
viability to conduct the programme can impact their effective uptake and deployment,
consequently affecting their short- and long-term effectiveness (Darlington et al., 2018; Wolfenden
et al., 2022). Despite its importance, the study of implementation outcomes in physical activity
promotion remains a developing field, with a particular dearth of evidence from LMICs regarding
the adoption, implementation, and sustainability of school-based physical activity interventions
(Cassar et al., 2019; Wolfenden et al., 2019). Hence, it becomes imperative to evaluate the
contextual factors influencing the implementation of health promoting initiatives in South African
schools. This will allow drawing meaningful conclusions about the intervention’s potential to

produce the expected effects.

Fourthly, the existing literature reveals that most school-based programmes cease or deviate from
their intended course after the intervention period, resulting in a regression of improvements
achieved (Herlitz et al., 2020; McEwan et al., 2020). Yet, there is a noticeable lack of research
examining the long-term effectiveness and continuity of health enhancing programmes in schools
(Cassar et al., 2019; Nguyen et al., 2016). The evaluation of programme sustainability becomes
particularly crucial in LMICs, where scarce funding and dependence on external financial aid may
impact intervention maintenance (Herlitz et al.,, 2020). Furthermore, understanding the
sustainability of an intervention is complex, requiring a holistic approach and the use of well-
established methodologies (Shelton et al., 2018). Therefore, studying the maintenance of health
outcomes and the sustainment of interventions under real-world conditions, especially in low-

income settings, is essential and best informed by implementation science.
2.2. Aims and hypotheses
This thesis encompasses four study aims formulated in line with the identified knowledge gaps.

Study aim 1: Risk identification
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The first aim was to assess the suitability of established methodologies in identifying
cardiovascular risk among school-aged children residing in economically disadvantaged areas in

Ggeberha, South Africa. The aim was two-fold:

Study aim 1.a. sought to compare four different blood pressure references and ascertain their
potential in determining paediatric hypertension and associated risk for increased BMI-for-age and

isolated systolic hypertension.

Study aim 1.b. aimed to compare self-reported with device-measured physical activity as well as
analyse their respective association with cardiometabolic risk markers, including BMI, blood

pressure, serum lipids, and plasma glucose.
Hypothesis 1

It was hypothesised that different blood pressure references and physical activity assessment
methodologies would yield inconsistent results concerning estimations of paediatric hypertension
and physical activity levels, respectively. It was further hypothesised that diverse physical activity
constructs measured via self-reports and wearable devices would vary in their potential to predict

cardiometabolic risk.
Study aim 2: Intervention outcomes

The second aim was to evaluate the impact of the KaziKidz intervention on physical activity levels
and cardiometabolic parameters among children with an increased risk for NCDs. The aim was

two-fold:

Study aim 2.a. aimed to examine the intervention’s efficacy by analysing the short-term effects on
MVPA as well as BMI-for-age, mean arterial pressure, total cholesterol (TC) to high-density
lipoprotein (HDL) ratio, and HbAlc of children at risk and not at risk.

Study aim 2.b. aimed to investigate the long-term effectiveness of the intervention by assessing

the development of said health outcomes among at-risk children two years’ post-intervention.

Hypothesis 2
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Compared to both a control group and healthy counterparts, it was hypothesised that KaziKidz
would have a positive impact on physical activity levels and cardiometabolic risk factors among

high-risk children, but that potential short-term benefits would decline over time.
Study aim 3: Implementation outcomes

The third aim was to explore contextual factors that could have influenced the adoption and
implementation of the KaziKidz intervention, as reported by school personnel and caregivers, as
well as to provide recommendations for its future development and dissemination. The aim was

three-fold:

Study aim 3.a. sought to gain a better understanding of the acceptability of the programme by
assessing how the intervention was received by those involved and their perspectives on its

relevance.

Study aim 3.b. aimed to offer insights into the perceived feasibility of the intervention by exploring

stakeholder’s experiences, that is to say facilities and difficulties, during its implementation.

Study aim 3.c. sought to identify practical challenges and opportunities related both to the

intervention and its implementation, and to propose strategies to enhance its effectiveness.
Hypothesis 3

Previous studies in the area have elucidated barriers and facilitators of school-based interventions,
so it was hypothesised that the KaziKidz intervention would generally be well-received and

feasible, while certain obstacles might have hindered its successful implementation.
Study aim 4: Sustainability assessment

The fourth aim was to evaluate the sustainability of the KaziKidz intervention in terms of its

continuation in schools and its impact on the maintenance of positive health outcomes in children.
Hypothesis 4

Given the emergence of the COVID-19 pandemic shortly after the conclusion of the intervention
and its ongoing status during the current evaluation, it was anticipated that the state-mandate

temporary closure of education institutions would significantly affect the programme’s
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sustainment in the participating schools, even though obstacles to its continuation would be

expected under normal circumstances as well.
2.3. Outline

The structure of this PhD thesis is given by the steps undertaken to cover the elucidated aims and

encompasses five publications.
Step 1

The present evaluation of the KaziKidz intervention is focused on its impact on children at higher
risk for NCDs, that is, those presenting one or more cardiometabolic risk factor. For that purpose,
it was necessary to determine the reliability of various methodologies in detecting increased risk
within the specific study population. Thus, to identify the study population at risk and according
to aim 1l.a., publication 1 first compared four international, national, and local blood pressure
references to establish the most appropriate way of ascertaining hypertension among South African
school-aged children. In alignment with aim 1.b., publication 2 then investigated two physical
activity measurement methods, self-report using the Physical Activity Questionnaire for Children

(PAQ-C) and device-based using accelerometry, in their association with CVD outcomes.
Step 2

The protocol of the mixed-methods follow-up study conducted subsequent to the RCT in 2019 and
involving the evaluation of the KaziKidz intervention during the sustainability phase was published
(publication 3). The protocol provides detailed insights into the rationale of the study, study design,
setting, participant recruitment, test battery, data collection, measurement instruments, and data
analysis. The evaluation is grounded on the RE-AIM framework (Reach, Effectiveness, Adoption,
Implementation, Maintenance), a well-established implementation science model for assessing
public health programmes (Glasgow, 1999; Nilsen, 2015). Numerous studies showcase the
application of RE-AIM in school-based health interventions, including physical activity
promotion, demonstrating a flexible use of the framework to suit the intervention’s requirements
and researchers’ priorities (Christian et al., 2020; da Silva Bandeira et al., 2022; Kennedy et al.,
2021; Lewis et al., 2017; McGoey et al., 2015). This dissertation focuses on key dimensions
relevant to the KaziKidz intervention, that is efficacy and effectiveness, acceptability to inform

adoption, feasibility to inform implementation, and sustainability to inform maintenance.
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Considering recent recommendations to incorporate mixed-method approaches to explore RE-
AIM dimensions (Glasgow et al., 2019), this dissertation employs a mixed methods convergent
design proposed by Creswell and Plano Clark (2017), as depicted in Figure 3. The mixed-methods
convergent design entails first a separate summary and interpretation of each outcome, followed

by a subsequent discussion on how the results from both types of data relate to each other.

Evaluation of the KaziKidz physical activity and health promotion intervention

Quantitative study of efficacy and effectiveness

Data collection
Physical activity and
cardiometabolic parameters

[~

Data analysis
Linear mixed models
and Kruskal Wallis

—

Data interpretation
Short-term intervention effects

and long-term development

Qualitative study of acceptability and perceived feasibility ‘

Converge results
Comprehensive evaluation

Data collection
Semi-structured and
focus groups interviews

Data analysis
Thematic analysis

Data interpretation
Perception, experience and
recommendations

P

Figure 3. Mixed-methods convergent design for the evaluation of the KaziKidz intervention during

its sustainability phase, adapted from Creswell and Plano Clark (2017).
Step 3

The first step in the evaluation was the assessment of the intervention’s short-term impact on the
desired health outcomes. Therefore, according to aim 2.a., publication 4 analysed the efficacy of
the KaziKidz intervention in the context of the RCT conducted in 2019. Specifically, the
intervention's effects on physical activity levels and cardiometabolic outcomes were compared
before and after the intervention’s implementation between children at risk of NCDs and their

healthy counterparts in both the control and intervention groups.
Step 4

Following, contextual factors pertaining to both the KaziKidz programme and the schools and their
potential influence on intervention success were examined. To achieve this, a nested qualitative
study was conducted with school principals, teachers, and caregivers as part of the follow-up
evaluation to gain insights into their attitudes towards the programme and their experiences

implementing it in the schools. Aligning with aim 3, publication 5 explored the acceptability and
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perceived feasibility of school personnel and caregivers to gain a better understanding on how

these might have influenced the adoption, support, delivery, and maintenance of the intervention.
Step 5

Lastly, in accordance with aim 4, the sustainability of the KaziKidz programme two years after its
conclusion was investigated. For that purpose, the development of health outcomes over time was
analysed. According to aim 2.b., publication 4 examined the long-term maintenance of physical
activity and cardiometabolic parameter levels focusing on children with an adverse cardiovascular
profile at baseline. Subsequently, the ongoing implementation of KaziKidz in the participating
schools was to be assessed. However, the unforeseen breakout of the COVID-19 pandemic and
the following lockdown measures disrupted the programme’s sustainment. Instead, a
comprehensive analysis of the observed long-term outcomes in light of the COVID-19 pandemic
will be presented in the discussion section of this thesis, together with potential scenarios for the

continuity of KaziKidz taking into account insights from the qualitative findings.

A summarised version of the outline of the thesis is provided in Table 1, referring to each step and

its corresponding aim and relevant publication.
Table 1. PhD thesis outline.

Steps Aims Publications

Step 1 Aim 1.a. Hypertension identification Publication 1

Aim 1.b. Physical activity and cardiovascular risk | Publication 2

Step 2 Study protocol Publication 3
Step 3 Aim 2.a. Intervention efficacy Publication 4
Step 4 Aim 3.a. Acceptability Publication 5

Aim 3.b. Perceived feasibility
Step 5 Aim 2.b. Long-term intervention effectiveness Publication 4

Aim 4. Sustainability PhD thesis
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Introduction: Hypertension in children has increased globally over the past 20 years;
yet, little is known about this issue among disadvantaged communities from low- and
middle-income countries. Age-, sex-, and height-adjusted normative tables are the
“gold” standard for the diagnosis and estimation of pediatric hypertension worldwide,
but it is unclear whether the use of international standards is appropriate for all
contexts. The purpose of this study was to evaluate and compare different international
references to identify hypertension among South African school-aged children from
disadvantaged communities.

Methods: Blood pressure, weight, and height were measured in a cohort of 897 children
aged 8-16 years from eight peri-urban schools in the Eastern Cape of South Africa.
Cross-sectional prevalence of hypertension was calculated according to American,
German, and global normative tables, as well as pseudo-normative data from the
own study population. Isolated systolic hypertension and body mass index (BMI) were
considered markers for cardiovascular disease. Multinomial logistic regression was used
to compare the likelihood of blood pressure categorization with increasing BMI levels.

Results: Hypertension prevalence ranged from 11.4% with the pseudo-normative
study tables to 28.8% based on the German reference. Global guidelines showed the
highest agreement both among international standards (92.5% with American guidelines)
and with the study reference (72.5%). While the global and the American references
presented higher systolic over diastolic hypertension rates (23.6 vs. 10.6% and 24.2 vs.
14.7%, respectively), the American guidelines predicted the highest increased risk for
hypertension stage 2 [odds ratio, 1.72 (95% confidence interval: 1.43-2.07)] with raising
levels of BMI.
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Conclusion: Our results support the heterogeneity of blood pressure estimates found
in the South African literature, and highlight the underrepresentation of African children in
international guidelines. We call for caution in the use of international standards in different
contexts and advocate for the development of normative tables that are representative
of the South African pediatric population necessary to ensure an accurate identification
of hypertension both from the clinical and epidemiological perspective.

Keywords: pediatric hypertension, prevalence, identification, normative blood pressure tables, international
guidelines, marginalized settings, Africa

INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of mortality
worldwide, accounting for over 17 million deaths yearly (1).
Among the most prominent risk factors for CVD is early vascular
aging, characterized by arterial stiffness (arteriosclerosis) (2).
There is extensive evidence that risk factors for CVD occur
early in life, causing premature organ damage that tracks into
adulthood (3). In fact, arterial stiffness has been observed and
related to hypertension in children (4). Hence, early detection of
asymptomatic vascular changes such as elevated blood pressure
(BP) is essential for effective intervention and prevention of
health consequences in older ages.

However, pediatric hypertension has received little attention,
especially in low- and middle-income countries (LMICs). As
new research emerges, we are gaining awareness of the extent
of a long underappreciated problem and the consequences of
its (mis)management, such as impaired development, economic
burden, years of life lost, etc. (5). A recent meta-analysis
revealed that global hypertension rates among children have
increased about 75% over the past 20 years (6), which has
been partially attributed to the steep escalation in childhood
obesity, an early-life risk factor for CVD. A similar trend for
childhood hypertension is expected in African countries, where
“the number of overweight children under 5 has increased by
nearly 24 percent since 2000” (7). The strong association between
body mass index (BMI) and BP in children has been established
both globally (8) and in South Africa (9), where their relation
with arterial stiffness (10) and the tracking of BP from childhood
into late adolescence have been described (11). This emphasizes
the need to rely on accurate estimates to monitor childhood
hypertension progress and react to long-term health impacts,
especially in marginalized settings, to inform policy making and
ensure meaningful allocation of scarce resources (12). Despite
this new knowledge, global attention and prevention efforts are
still focused on high-income countries (HICs), while vulnerable
populations in LMICs are often neglected.

Several guidelines have established the definition of pediatric
hypertension based on normative BP tables that account for
age, sex, and height, and settled abnormally elevated BP levels
in children at the 90th percentile and hypertension at the 95th
percentile (13, 14). Currently, the most widely used guidelines
were developed by the American Academy of Pediatrics (AAP)
and include normative charts based on normal-weight American
children and revised cut-off points (15). However, other efforts

to establish BP reference tables have been made. In Germany,
reference charts were derived from a population of non-
overweight children participating in the KiGGS study, and are
broadly used in the literature, as well (16). Xi et al. pooled data
from 7 different countries in an attempt to develop universal
BP references for children (17). Notwithstanding, no normative
tables exist for African children, and these populations have been
underrepresented in attempts to develop global references.

Furthermore, it is unclear whether country-specific BP
reference tables and uniform international standards are
appropriate for the estimation of pediatric hypertension
prevalence in different contexts (18). Whereas the percentile
values differ between the reference populations used to calculate
them, context-specific socioeconomic and environmental factors
might make the broad use of such standards unsuitable.
Accordingly, studies have shown low consistency between
international and local normative tables (19). Indeed, the
prevalence of pediatric elevated BP in the African literature
varies substantially, and South African studies present conflicting
results (8). Different normative data and cut-offs to define high
BP are used in these studies, and it remains unclear whether
some authors have developed age-, sex-, and height-specific BP
reference values based on their own study population, similar to
the example from the Gambian study of Modou et al. (20).

Against this background, the current study aims to examine
the hypertension prevalence in 897 children from lower-income
families in the Eastern Cape province of South Africa considering
four different BP references. Subsequently, these BP standards
are compared based on their association with increasing BMI-
for-age levels, an indicator of poorer cardiovascular health.
We hypothesize that international normative tables and charts
developed from the same study population will yield different
estimates of hypertension prevalence and a different risk profile
associated with BMI-for-age among children from marginalized
communities in South Africa.

MATERIALS AND METHODS
Study Population

Results are based on cross-sectional analyzes of the KaziBantu
project cohort baseline assessment, which took place between
January and March 2019 (21). Children aged 8-16 vyears
were recruited from eight schools from the economically
disadvantaged peri-urban townships and northern areas of
Gqeberha, South Africa. All study sites consisted of non-fee
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paying, quintile 3 schools (South African schools are ranked from
quintile one, the poorest, to quintile five, the least poor). In total,
975 children were enrolled in the KaziBantu study. Of those,
897 children (449 boys, 448 girls) presented with complete data
records, after excluding those participants with missing data for
sex (n = 8), age (n =9), height (n = 47), weight (n = 57), and BP
(n=31).

Assessment of Blood Pressure

BP was measured three times on the upper left arm after a
seated period of 5min and with a 1-min rest between readings.
A validated, automated oscillometric device (Omron® M6AC;
Hoofddorp, Netherlands) and a child appropriate cuff, sized 17—
22 cm, were used. Systolic and diastolic BP values were calculated
as the mean of the last two readings to avoid overestimation
usually observed on the first run.

Classification of Blood Pressure

Sex-, age-, and height-adjusted normative tables for pediatric
BP were used to calculate systolic BP (SBP) and diastolic
BP (DBP) percentiles. The following three widely recognized
normative data charts were applied by running the programs
indicated by each author: (i) AAP 2017 based on an American
reference population (15, 22), (ii) Robert Koch-Institute based
on a German reference population (16), and (iii) an international
reference based on data pooled from 7 countries (China, India,
Iran, Korea, Poland, Tunisia, and USA) (17). Furthermore, a
fourth reference derived from normal-weight children from
the KaziBantu study population was used (21). Because the
study sample is classified through its own constructed normative
tables, the study reference will henceforth be considered pseudo-
normative. Details of the reference populations are presented in
Supplementary Table S1.

Thereafter, the obtained percentiles were classified as
normotension, elevated BP or hypertension stages 1 and 2, for
both SBP and DBP, based on the cut-offs suggested in each
reference, with the exception of the 99th + 5mm Hg percentile
recommended by Neuhauser et al. for stage 2 hypertension,
where we applied a comparable cut-off at the 99.75th percentile
to facilitate analysis. The highest value of either SBP or DBP was
allocated to determine combined BP.

Anthropometric Parameters

Body weight was measured on a digital weighing scale; children
were barefoot and wore school uniform. Body height was
measured against a stadiometer; children were asked to stand still
with their back erect and shoulders relaxed. BMI was calculated
from both weight and height according to weight (kg)/height
(m)2. BMI-for-age Z-scores (BAZ) stratified by sex, a measure for
obesity, overweight and thinness, were determined according to
World Health Organization’s (WHO) growth charts (23).

Statistical Analysis

Descriptive statistics for all variables comprised means (M) and
standard deviation (SD). Differences between the means for boys
and girls were analyzed via independent ¢-tests for significance
and Cohen’s d for effect size. Polynomial regressions were

used to construct pseudo-normative tables from the KaziBantu
study population after removing outlying participants and those
children whose BMI was higher than 1 SD above the group
average. SBP and DBP pseudo-normative charts for boys and girls
are available in the Supplementary Table S2. Prevalence of BP
categorization is expressed as frequencies (N) and percentages
(%) for all four classification standards. Pearson chi-square ()2)
tests were carried out to assess the distribution of sex (girls and
boys) and age (<10, 10, 11, >11 years) in all BP categories for SBP,
DBP, and BP combined. Multinomial logistic regression analyzes
were used to explore the association of increasing BAZ values
with the prediction of BP classification into higher categories.

Statistical tests were performed using IBM SPSS version 26
(IBM; Armonk, New York, USA). Normative BP tables were
applied in STATA version 15.1 (StataCorp; College Station, Texas,
USA) for the German reference population and in SAS version
9.4 (SAS Institute; Cary, North Carolina, USA) for the American
and global references. BP percentile tables of the KaziBantu study
population were constructed in Statistica version 13 (TIBCO
Software Inc., Palo Alto, USA).

RESULTS

Descriptive Statistics

Table 1 presents descriptive statistics and characteristics of the
study participants, stratified by sex. Girls showed a statistically
significant lower mean age (10.2 vs. 10.6 years; p < 0.001), while
presenting higher mean values for the other variables. Differences
in weight (36.7 vs. 34.5kg), BMI (18.4 vs. 17.5 kg/m?), and BAZ
(0.2 vs. 0.0) were of statistical significance at the p < 0.001 level.
However, the Cohen’s effect size was small for all sex differences
in age (d = 0.30), weight (d = 0.22), BMI (d = 0.25), and BAZ (d
=0.21).

Hypertension Prevalence

We classified BP levels according to the four normative charts
and their corresponding cut-offs (Table 2). Similar combined
hypertension prevalence was observed for the three international
references, namely 28.6% based on the American, 28.8% on the
German, and 25.6% on the global. In contrast, only 11.4% of
children were identified as hypertensive according to the pseudo-
normative study reference. The highest level of agreement was
found between the American and the global references with
92.5%, whereby 830 children were equally stratified throughout
all four categories. The KaziBantu classification revealed the
highest agreement percentage with the global reference (71.5%)
(data not shown).

Sub-analyzes showed that the biggest disagreement between
the study reference and international guidelines lied in the
classification of SBP. While hypertension was more than three
times higher for SBP with the American classification compared
to KaziBantu’s (24.2 vs. 7.2%), it was almost double for DBP (14.7
vs. 7.7%). Thus, the main driver for hypertension when applying
the American guidelines was SBP rather than DBP. The higher
systolic over diastolic hypertension prevalence was also observed
with the global reference (23.6% for SBP vs. 10.6% for DBP).
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TABLE 1 | Participant characteristics and comparison between South African girls and boys from the KaziBantu study population in Ggeberha, South Africa.

Parameter Total (N = 897) Boys (N = 449) Girls (N = 448)
M (SD) M (SD) M (SD) t Cohen’s d

Age (years) 10.4 (1.2) 10.6 (1.2) 10.2 (1.1) 4,48 0.30
SBP* (mm Hg) 108.9 (13.4) 108.6 (13.1) 109.3 (13.7) —0.86 0.06
DBPT (mm Hg) 67.2 (10.9) 66.5 (11.0) 67.8 (10.8) —1.74 0.12
Height (cm) 139.9 (8.8) 139.6 (8.7) 140.2 (9.0) -1.02 0.07
Weight (kg) 35.6 (10.2) 34.5(9.2) 36.7 (11.0) —3.29"* 0.22
BMI* (kg/m?) 18.0 3.7) 17.5(3.3) 18.4 (4.0) —3.74* 0.25
BMI-for-age Z-scores 0.1 (1.9) —0.04 (1.3) 0.2(1.9 —3.19" 0.21

*Systolic blood pressure.
Diastolic blood pressure.
*Body mass index.
***0 < 0.001.
Cohen'’s d effect size: d < 0.2: no effect; 0.2 < d < 0.5: small effect; 0.5 < d < 0.8: medium effect; d > 0.8: large effect.

TABLE 2 | Comparison of high blood pressure prevalence among school-aged children in Ggeberha, South Africa, in July 2019 according to the (i) American Academic of
Pediatrics, (i) German guidelines, (iii) a global reference population, and (iv) the KaziBantu study population (N = 897).

References Normal blood pressure Elevated blood pressure Hypertension stage 1 Hypertension stage 2
Flynn et al. (15) 555 (61.9%) 85 (9.5%) 181 (20.2%) 76 (8.5%)
Neuhauser et al. (16)T 572 (63.8%) 65 (7.2%) 163 (18.2%) 97 (10.8%)
Xietal. (17)* 565 (63.0%) 102 (11.4%) 159 (17.7%) 71 (7.9%)
Muiller et al. (21)8 738 (82.3%) 57 (6.4%) 65 (7.2%) 37 (4.1%)

*Normotension: <13 years old: <90th; >13 years old BP < 120/80 mm Hg; elevated BP: <13 years old: >90th and <95th or >120/80 mm Hg but <95th; >13 years old: 120/<80 to
129/<80mm Hg; HTN stage 1: <13 years old: =95th and <95th + 12 mm Hg or 130/80-139/89 mm Hg; >13 years old: 130/80 mm Hg to 139/89 mm Hg; HTN stage 2: <13 years

old: =95th + 12mm Hg or >140/90 mm Hg; >13 years old: >140/90 mm Hg.

’
Normotension: <90th; elevated BP: >90th and <95th; HTN stage 1: >95th and <99.75th; HTN stage 2: >=99.75th or >140/90 mmHg.

*Normotension: <90th; elevated BP: >90th and <95th or >120/80 mm Hg but <95th; HTN stage 1: >95th and <99th + 5mm Hg; HTN stage 2: >99th + 5 mm Hg.

8Normotension: <90th; elevated BP: >90th and <95th; HTN stage 1: >95th and <95th+12mm Hg; HTN stage 2: >95th + 12 mm Hg.

All four standards showed similar distributions between girls
and boys regardless of systolic, diastolic, or combined BP. Only
in the American reference, a significant association between
sex and DBP classification was observed [Xé) = 1046, p =
0.015], whereby girls were disproportionately associated with
hypertension stage 1 (64.6%) at the p = 0.05 significance level.
Age showed no association with SBP, DBP, or combined BP
categorization for any of the references. Sub-analyzes can be
found in the Supplementary Tables S3-S5.

Reference Populations Comparison Based
on BMI-For-Age

The association between being classified as hypertensive with
higher BMI levels for all studied references is illustrated in
Figure 1. All four standards showed a significant increased risk
for being categorized as having elevated BP, hypertension stage 1,
and hypertension stage 2 per standard deviation increase in BMI-
for-age relative to the normotensive group. The highest odds
for hypertension stage 2 with increasing BAZ was seen with the
American guidelines with a 72% increased risk (95% CI: 1.43-
2.07; p < 0.001), followed by a 65% increased risk with both the
global (95% CI: 1.37-1.99; p < 0.001) and German references
(95% CI: 1.40-1.95; p < 0.001). The lowest odds were found

with the pseudo-normative KaziBantu reference at 51% (95% CI:
1.18-1.92; p < 0.001). The increased risk for hypertension stage
1 with increasing BAZ was similar across the American, global,
and KaziBantu study references at ~45%, being lowest with the
German classification (OR = 1.37; 95% CI: 1.20-1.57; p < 0.001).
Further sub-analyzes are shown in Supplementary Table $6. A
significant increased risk of 43% (p = 0.003) per unit increase
in BAZ was found between elevated BP and hypertension stage
2 for the American reference. With the German guidelines,
increased categorization risk was significant between elevated BP
and hypertension stage 2 (OR = 1.31, p = 0.027), and between
hypertension stage 1 and hypertension stage 2 (OR = 1.20, p =
0.05). No significant differences were observed for the global and
KaziBantu references.

DISCUSSION

This study demonstrates differences in the implementation of
international standards for the classification of BP in diverse
contexts. Among school-aged children from disadvantaged
communities in the Eastern Cape Province of South Africa, the
obtained prevalence of hypertension ranged from 11.4%, when
pseudo-normative tables from the own study population were
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A American reference OR (95% CI) p-
value
Hypertension 2 —e—i 1.72 (1.43-2.07)  <0.001
Hypertension 1 —eo—i %% 1.46(1.28-1.66)  <0.001
Elevated blood pressure —eo— 1.20(1.01-1.44) 0.043
I 1 1 T 1

0.0 0.5 1.0 1.5 2.0 2.5

Odds ratio
R?=0.06 (Cox and Snell), 0.07 (Nagelkerke). Model #%(3)=55.26, p<0.001. **p<0.01.
c i
Global reference OR (95% CI)
value
Hypertension 2 —e— 1.65(1.37-1.99)  <0.001
Hypertension 1 —eo— 1.44 (1.26-1.65)  <0.001
Elevated blood pressure —e— 1.32(1.12-1.56)  <0.001
T T T 1

T
0.0 0.5 1.0 1.5 2.0 25
Odds ratio

R?=0.05 (Cox and Snell), 0.06 (Nagelkerke). Model %%(3)=50.12, p<0.001.

B German reference OR (95% CI) L5
value
Hypertension 2 e 1.65(1.40-1.95)  <0.001
} :
Hypertension 1 —e—i * 1.37(1.20-1.57) <0.001
Elevated blood pressure —e—i 1.26 (1.04-1.54) 0.020
T T T 1

T
0.0 0.5 1.0 15 2.0 25
Odds ratio
R?=0.06 (Cox and Snell), 0.06 (Nagelkerke). Model ¥2(3)=51.71, p<0.001. *p<0.05.

D

KaziBantu reference OR (95% CI) P-
value
Hypertension 2 e 1.51(1.18-1.92)  <0.001
Hypertension 1 —— 147 (1.21-1.77)  <0.001
Elevated blood pressure —e— 1.35(1.11-1.65) 0.003
I I 1 T 1

0.0 0.5 1.0 1.5 2.0 2.5
Odds ratio

R?=0.03 (Cox and Snell), 0.05 (Nagelkerke). Model %%(3)=30.41, p<0.001.

FIGURE 1 | Odds ratio (OR) of the classification of blood pressure (BP) as elevated, hypertension stage 1 or stage 2, relative to normotension, with increasing
BMlI-for-age Z-scores according to (A) American, (B) German, (C) global, and (D) the KaziBantu reference populations (N = 897).

used, to 28.8% based on international standards. Further analyzes
show that the risk of being categorized as hypertensive with
increasing levels of BAZ, a marker for adiposity, also varied
among these standards, with the highest risk observed when
international references were applied.

The first aim of the study was to establish and compare
the prevalence of elevated BP and hypertension based on HIC
standards, a pooled global reference, and pseudo-normative
tables derived from the KaziBantu study population. We
encountered a pronounced variability when different normative
data were employed. International guidelines yielded the highest
prevalence of hypertension in our study population at almost
30%. Although South Africa presents a higher hypertension
prevalence than other sub-Saharan African countries, attributed
partly to differences in countries’ socioeconomic development
(24), the estimates in the present study lie far above those
reported by other authors. In fact, only one study has shown
a higher combined hypertension prevalence of 32.6% (25).
Interestingly, the authors used the German reference population
from Neuhauser et al. (26). In contrast, when the KaziBantu
pseudo-normative reference was used, hypertension prevalence
was almost three times lower (11.4%) and thus, closer to the
estimations found in the literature. However, they still remain
higher than the 7.9% prevalence rates reported for Southern
Africa (27) and the 8.1% for South Africa (8) in similar
age groups. Nevertheless, it is noteworthy that a considerable

heterogeneity exists within the South African literature, where
pediatric hypertension ranges from 2.6 to 20.7% (28, 29).

This variability might be partly explained by methodological
factors, such as the use of different instruments (electronic
devices, sphygmomanometer, and finger-arterial pressure
apparatus), or the number and occasions of BP readings
(lowest of three readings, average of last two of three readings,
average of three out of five measurements with the smallest
variation). Arguably, we believe that this disparity is particularly
governed by the use of different categorization standards
and cut-offs. Many South African authors have based their
estimations on outdated guidelines (29, 30), potentially leading
to an underestimation of prevalence rates (31). Others have
made use of the updated AAP 2017 guideline by applying
simplified cut-offs. For example, Matjuda et al. considered
exclusively percentiles disregarding whole values (in mm Hg)
and age differences (<13 vs. >13 years) (10). In some studies,
it is unclear whether researchers have developed pseudo-
normative percentiles based on their own study population
and subsequently classified them according to international
standards (11, 32). Other studies do not describe the analysis
altogether (33). Our results are in line with the disparities in
hypertension estimates found in the literature and highlight an
unstandardized use of methods and classification guidelines.

The discussion around the accuracy of hypertension estimates
should however focus on their clinical significance, that is,
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on establishing BP levels that relate to a real risk for early
organ damage and CVD. Hence, other environmental and
socioeconomic factors that influence BP should also be taken
into account when applying standards that aim at stratifying risk
across different contexts. Contrary to common belief, two recent
meta-analyzes have shown that hypertension was more prevalent
among LMICs than HICs (34, 35). The most affected are middle-
transitioning economies like South Africa, which through
unplanned and rapid urbanization are adopting westernized
lifestyles, while communicable diseases continue to thrive (36).
In fact, infections are a cause of undernutrition, anemia, and
growth retardation, which, in turn, have been associated with
hypertension (37). Similarly, lower socioeconomic status has
been associated with higher prevalence of CVD risk factors
(38) and hypertension (39). Kagura et al. corroborated these
findings in adolescents from the township of Soweto in South
Africa, showing a protective role for SBP with transition from
low to high socioeconomic status (40). The previously exposed
suggests that particular sociological, economic, and demographic
characteristics account for the variability in the pattern of CVD
risk factors and justify questioning the accuracy and significance
of hypertension estimates, as well as their generalizability.

The second study aim was to evaluate whether the association
of BMI with BP categorization differed between international
references and pseudo-normative percentiles derived from the
studied population, for the relation between obesity and elevated
BP in African children has been extensively described in the
literature (41-43). In the “Birth to Twenty” cohort from Soweto,
adiposity in early life associated with the later development of
elevated BP in black adolescents (44). Kruger et al. have reported
a 60% increased risk of having hypertension per unit increase in
BAZ in children from the Western Cape, South Africa (9). In
our sample, American guidelines showed the highest increased
risk for hypertension stage 2 at 72% compared to 51% with
the KaziBantu pseudo-normative reference. In our view, the
association of increasing BAZ levels with a higher risk for being
ranked into upper BP categories obtained with the American
guidelines speaks for a potentially better classification.

Furthermore, ~50% of hypertension participants in the
American and global references were hypertensive due to isolated
systolic hypertension (ISH) compared to isolated diastolic and
combined hypertension. This difference was not observed with
the KaziBantu pseudo-normative reference. In the last years, SBP
has gained relevance as a standalone risk factor for cardiovascular
morbidity and mortality in adults (45). The primary prognostic
significance of ISH has been observed in children too (46).
Concluding, in our sample CVD risk understood as increased
BMI-for-age levels and ISH was better predicted by the American
and global guidelines.

Limitations

The results of the present study must be considered in light
of the following limitations. First, international guidelines
suggest that clinical hypertension needs to be confirmed as
a high BP on three separate occasions since the prevalence
of elevated BP tends to decrease over subsequent visits. In
line with other epidemiological studies, we have measured

BP on one visit and discarded the first reading to avoid
an overestimation of results. Still, Kruger et al. stated that
“by using three BP measurements during a single visit
and averaging either all or the last two measurements,
provides larger statistical variance and yields higher BP
averages” (p. 8) (9).

Second, the study population has a specific profile of children
living in low-income, urban areas of the Eastern Cape of South
Africa, and is thus, not representative of the broad demographic
spectrum characteristic of the population of South Africa.
Furthermore, we had a relatively small population size, while
simplified normative BP tables were calculated due to an unequal
distribution of age. It is worth mentioning that while American
and global guidelines both consist of a sample size of around
50,000 children, the relative small sample size of the KaziBantu
study reference may have led to an underestimation of the
hypertension prevalence and a weaker risk prediction potential.

Third, this study evaluated solely the association between BP
and BMI to assess risk prediction of the standards, but did not
collect data on other determinants of health that influence BP.
Moreover, the design of the study does not allow to link BP levels
to future adverse health events. Thus, it is not possible to draw
definitive conclusions about suitability, or superiority, of any of
the standards.

Our findings underscore the need for further research into
the medical significance of current BP management guidelines in
Southern Africa. Prospective longitudinal studies will be required
to associate BP levels in childhood with the incidence of CVD
and mortality later in life, and to establish clinically relevant
cut-off values.

CONCLUSION

We found differences in hypertension prevalence depending on
the normative BP tables applied to a population of 8- to 16-
year-old children from disadvantaged communities in South
Africa. Furthermore, we portray a marked underrepresentation
of African children in international guidelines and a need for the
standardization of BP data collection and analysis in this region.
Hence, we advocate for the development of normative tables that
are representative of the (South) African pediatric population
(and other distinct populations currently not represented in
panels informing international guidelines) and the definition
of cutoffs that are based on clinical evidence to ensure
accurate identification of hypertension both from the clinical
and epidemiological perspective in marginalized populations.
We conclude that until national or regional guidelines exist,
large-enough international reference populations may be used
in contexts different from the ones they were developed, albeit
findings must be interpreted with caution.
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Research Article

Association of accelerometry-bhased
and self-reported physical activity with
cardiovascular risk in South African children

The burden of non-communicable diseases is increasing, with risk factors emerging early in life. Physical
activity reduces cardiovascular risk, but limited evidence exists for children from lower-income countries
and mostly relies on self-reported methods that might be inaccurate and biased. We aimed to compare
self-reported and accelerometer-measured physical activity in relation to cardiovascular risk markers
in children from underserved communities in South Africa. We analysed cross-sectional data from
594 children aged 8 to 13. Physical activity was measured via accelerometry and the Physical Activity
Questionnaire for Older Children (PAQ-C). Correlation analyses and linear regression models examined the
relationship between accelerometer-measured and self-reported physical activity and their association
with cardiovascular risk markers (body mass index, blood pressure, blood lipid profile and glycated
haemoglobin). Results show a positive but weak correlation between PAQ-C scores and accelerometer-
measured moderate-to-vigorous physical activity (MVPA). MVPA was inversely associated with body
mass index, whilst sedentary behaviour correlated positively with lipid levels. PAQ-C scores were inversely
associated with systolic blood pressure. The comparison of self-reported and accelerometer-measured
physical activity in children from Ggeberha, South Africa, revealed inconsistencies in their correlation and
association with cardiovascular risk markers. Accelerometry provided a more accurate cardiovascular
risk estimation than PAQ-C, although associations were weak. Further, longitudinal studies should
investigate the predictive power of both methodologies. These findings inform researchers and public
health practitioners in the choice of method for physical activity appraisal beyond practical considerations,
especially when combined with cardiovascular risk and in lower-income settings.

Significance:

We explore two widely used methods to assess physical activity levels in children. By comparing both
methods, we expose inconsistencies in their correlation and association with cardiovascular risk markers.
These data can guide researchers and public health practitioners in the use of one method beyond practical
considerations. Whilst this work focuses on children from marginalised areas of South Africa, the issues
explored are of relevance to other lower-income settings.

Introduction

Cardiovascular diseases (CVD) are the leading cause of death worldwide," and their burden is increasing in low-
and middle-income countries (LMICs).> Meanwhile, physical activity (PA) has substantial positive effects on CVD
mortality. In fact, beneficial health outcomes begin with very modest amounts of moderate-to-vigorous physical
activity (MVPA).3 Although the positive effects of PA on cardiovascular health have already been observed in
childhood, the relationship between PA and cardiovascular risk markers (CRMs) has predominantly been studied
in adults.* Furthermore, most studies examining PA behaviour have originated from high-income countries (HICs).

Behaviours associated with PA are complex constructs that differ according to socioeconomic status, region and
cultural context.> Yet, PA health benefits observed in HICs have been broadly extrapolated to LMICs due to the
scarcity of evidence from these regions. An umbrella systematic review found that 3.1% of studies concerned
with promoting PA in children and adolescents were from LMICs.® Of those, only one originated from Africa. This
observation was corroborated by Guthold et al., who reported that sub-Saharan Africa had the least available data
on PA amongst adolescents worldwide.” Moreover, estimates of PA levels in LMICs are heterogeneous, partly due
to an unstandardised use of different measurement methods.

With current physical inactivity estimates arising from self-reported methods, a device-based PA data gap exists,
especially in LMICs.” A systematic review of PA trends in sub-Saharan Africa found that 72.2% of studies relied
on self-report methods to assess PA.2 Self-reporting provides a convenient way to assess activity patterns
across large populations in a short time.%'® However, self-reports are prone to inaccuracy and bias originating
from recall errors, the social desirability effect and difficulties understanding the questions.” Wearable devices
such as accelerometry are seen as a more accurate alternative,' as they can quantify energy expenditure
and estimate the intensity, duration and frequency of PA."® Nevertheless, accelerometry technology is costly
and time consuming, especially on a large scale, whilst it also involves a range of subjective decisions.™
As a consequence, the lack of consensus on PA assessment instruments and data management limits the
comparability of studies.

Multiple studies have exposed differences and paucity of agreement between self-report methods and device-
based assessments. For example, the Scottish Health Survey 2003 found that more than 75% of children reported
meeting the recommended 60 minutes of moderate-to-vigorous physical activity (MVPA) per day,'> whilst other
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studies from the United Kingdom using accelerometry reported a
prevalence of less than 5%.'%' In South Africa, estimates for meeting
PA recommendations range between 35.8%°2 and 77%'® and vary both
between and within instruments.2®2? It is therefore not surprising that
previous studies have shown a weak-to-moderate correlation between
self-reported and device-based PA assessments.? Filling the PA data
gap with more harmonised, device-based and larger sample studies is
necessary to promote best PA practices in LMICs.”

Given the scarcity of data on PA behaviour from LMICs and the differences
in the use and scope of self-report questionnaires versus accelerometry-
based PA measurements, the aim of this study was twofold. First, we
compared self-reported and accelerometer-measured PA amongst a large
sample of school children from South Africa. Secondly, we examined
their association with different CRMs. Based on the existing evidence, we
hypothesised that self-reporting and accelerometry would vary in their PA
estimates and association with CRMs.

Materials and methods

Study design and setting

This study was part of the KaziBantu project, a school-based intervention
programme that attempts to promote sustainable lifestyle changes to
achieve better health within disadvantaged communities in Ggeberha,
South Africa. The KaziBantu programme was designed as a cluster-
randomised controlled trial (RCT) and included eight schools that were
randomly allocated to an intervention group (four schools) and a control
group (four schools).2* The study was structured such that after the
completion of a baseline assessment in January 2019, children from the
four intervention schools participated in the KaziKidz health promotion
intervention for 32 weeks. The trial was registered at ISRCTN on 11 July
2018 under the registration number 18485542,

Participants

Data from 981 children were initially collected during a baseline
assessment in early 2019. The children were aged between 8 and
16 years and were attending grades 4-6. Only children between the ages
of 8 and 13 were retained in the final study sample, as there was only
one child at age 14 and 16, respectively. After excluding children due
to lack of consent or dropping out (7 = 14), reporting an impairment
during data collection (7 = 238), not answering all questions from the
PAQ-C (n = 39), having no or invalid ActiGraph measurements (7 = 75),
missing information on height and weight (7 = 27), or being outside
the age range (n = 2), the final study sample consisted of 586 children
(301 boys and 285 girls). The minimal sample size was originally
calculated for the cluster RCT, as described in the study protocol.?
A posteriori power analysis conducted with G*Power 3.1 Software
(Heinrich Heine Universitdt Diisseldorf, Germany) revealed that the
sample of 586 participants was sufficiently powered to demonstrate a
weak correlation (r = 0.102) between self-reported and accelerometry-
based PA (assuming an alpha error of 0.05 and a power of 0.80).

Data collection

Accelerometry-based assessment of physical activity

The ActiGraph accelerometry device (ActiGraph wGT3X-BT, Pensacola,
Florida, USA) was used to measure PA. Participants were directed
to wear the device for seven consecutive days around the hip. They
were allowed to remove the ActiGraph for activities that involved water
contact (e.g. swimming or showering). Accelerometers were set up at
a sampling rate of 30 Hz and ran on the latest firmware version (version
1.9.2). Analysis was carried out with the ActiLife software (version
6.13.4), using data set up at epochs of 10 s.

To be eligible for the data evaluation, the ActiGraph had to be worn for at least
four valid weekdays and at least one weekend day. A day was considered
valid if the ActiGraph had been worn for at least eight hours during that
day.? Sleep time was removed and during waking time, non-wear periods,
defined and identified based on the Troiano 2007 algorithm, were excluded
from the analysis. The different PA intensities were categorised according
to the cut-off points from Evenson 2008 for children.?

Research Article
https://doi.org/10.17159/sajs.2023/15494

Physical activity and cardiovascular risk in children
Page 2 of 8

Self-reported physical activity

A simplified version of the Physical Activity Questionnaire for Older
Children (PAQ-C) was used to assess children’s PA behaviour over the
previous week.?® Specifically, children ranked their personal PA level
by answering questions 2-8, whereas question 10 inquired whether
children were fit to perform PA. Later, a summary activity score between
1and 5 (1 = lowest PA level, 5 = highest PA level) was calculated for
questions 2-8. Children who reported sickness in question 10 or failed
to answer one or more questions were excluded from the study sample
(n=277).

Blood pressure

Resting BP was measured after the children were directed to be seated
for 5 min. BP was measured three times with a pause of 1 min between
each measurement. A calibrated Omron digital blood pressure monitor
(Omron M6 AC model; Hoofddorp, The Netherlands) was used by
nurses or biokineticists for the measurements. Only the second and third
measurements were used to calculate an average for systolic (SBP) and
diastolic BP (DBP). Elevated blood pressure in children was defined as
above 120/80 mmHg or the 90th percentile according to sex, age and
height reference values.?

Blood lipid profiles and glycated haemoglobin

A point-of-care instrument (Alere Afinion AS 100 Analyzer, Abbott
Technologies; Abbott Park, United States of America) was used to
determine the blood lipid profiles (BLP) and glycated haemoglobin
(HbA1c) concentrations. A healthcare worker first cleaned the fingertips
with an alcohol swab and then pricked it with a safety lancet. Two drops
of blood were carefully squeezed out of the finger, but only the second
drop was collected for analysis. The device delivered the results within
8 min. All devices used were tested and calibrated before the procedure.?

The BLP included total cholesterol (TC), low-density lipoprotein (LDL),
high-density lipoprotein (HDL), triglycerides (TG), non-high-density
lipoprotein (non-HDL) and the ratio between TC and HDL (TC/HDL).
Acceptable serum lipid and lipoprotein concentrations for children are
<4.4 mmol/L for TC, <2.8 mmol/L for LDL, >1.2 mmol/L for HDL,
<1 mmol/L for TG, <3.1 mmol/L for non-HDL and <3.7 for TC/HDL.%
Levels of HbA1c revealed participants’ average plasma glucose level
over the past 8—-12 weeks and were reported as a percentage of the
total haemoglobin (%). Individuals with an HbA1c of 6.5% or higher are
diagnosed with diabetes.®'

Body mass index

The body height of the children was measured by a stadiometer with
an accuracy of 0.1 cm. Participants were instructed to keep their backs
erect, and their shoulders relaxed. The body weight was measured by
standing on a digital weighing scale (Tanita MC-580; Tanita, Tokyo,
Japan) with an accuracy of 0.1 kg. For each participant, the BMI was
calculated by dividing body weight (kg) by the square of body height (m?).
Based on sex and age references specified by the World Health
Organization (WHO), BMI for age was calculated and subsequently
classified as “Thin” if it was below —2 standard deviation (SD), “Normal
weight” if between —2 and 1 SD, “Overweight” if above 1 SD, or “Obese”
if above 2 SD.%

Statistical analyses

Statistical analyses were conducted with the SPSS Statistics program (IBM
SPSS Statistics for Mac, Version 27). Descriptive statistics were calculated
as frequencies (%) for categorical variables and as medians (with
interquartile range) for relatively symmetric, as well as skewed continuous
variables. To identify differences between boys and girls, Mann-Whitney
U-tests were conducted for continuous data, and Pearson’s chi-squared
tests were used for categorical data. Significance was set at p < 0.05 for
all statistical analyses, and all tests were two-sided.

The relationship between PAQ-C scores and accelerometry-derived PA
metricswasassessedusingSpearman’srankcorrelationcoefficients (p).
Accelerometer wear time, age and sex were included as control
variables. Cohen’s correlation guidelines were used to evaluate the
effect sizes as follows: |p|=0.1 small effect size, |p|=0.3 medium
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effect size, |p|=0.5 large effect size.*® Linear regression models
were used to analyse the associations between PA and sedentary
behaviour (SB) with CRMs. All models were adjusted for the influence
of height, weight, sex, age and accelerometer wear time except BMI
which was controlled only for sex, age and wear time. Unstandardised
regression coefficients were used to assess effect size and discuss
clinical relevance.

Ethics approval and consent to participate

The procedures of the KaziBantu study comply with the Declaration of
Helsinki and have received ethical approval from the Nelson Mandela
University Ethics Committee (reference #H18-HEA-HMS-001; dated
26 March 2018), Eastern Cape Department of Health (reference
#EC_201804_007; dated 5 June 2018), and Eastern Cape Department of
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Education (dated 9 May 2018). The study was also cleared by the ethical
review board of the Ethics Committee Northwest and Central Switzerland
(reference #R-2018-00047; dated 1 March 2018). Each possible
participant was informed about the study’s objectives, procedures, risks
and benefits. Participation in this study was voluntary and withdrawing
was possible at any time with no further consequences. Oral approval
(assent) had to be given by the participating children, whilst written
informed consent was given by the corresponding parent or guardian.

Results

Descriptive characteristics

Characteristics of the study participants are presented in Table 1. With
a median of 70.6 min of MVPA per day, 64.8% of the children achieved

Table 1: Descriptive characteristics of school-age children from Ggeberha, South Africa, in January 2019
Variable All (N = 586) Boys (n = 301) Girls (n = 285) p-value? n? or Cramer’s I/

Anthropometric

Age 10.0 (10.0-11.0) 11.0 (10.0-11.0) 10.0 (9.0-11.0) 0.002 0.02
Height (cm) 139.5 (133.5-146.0) 138.6 (132.9-144.3) 140.8 (134.5-146.9) 0.013 0.01
Weight (kg) 33.3 (28.9-39.6) 32.1 (28.3-37.2) 35.4 (30.0-41.9) <0.001 0.03
BMI® (kg/m?) 17.1 (15.6-19.2) 16.7 (15.4-18.2) 17.8 (15.8-20.3) <0.001 0.03
Blood pressure

SBP¢ (mmHg) 107.8 (99.0-116.3) 106.5 (98.0-115.5) 109.0 (99.5-117.0) 0.032 0.01
DBP: (mmHg) 65.5 (60.5-71.5) 64.5 (59.5-69.8) 66.5 (61.5-72.5) 0.019 0.01
Blood lipid profile

TG' (mmol/L) 0.8 (0.6-1.0) 0.7 (0.6-0.9) 0.9 (0.7-1.2) <0.001 0.07
TC¢ (mmol/L) 37 (3.3-4.2) 3.6 (3.2-4.1) 3.8 (3.4-4.3) 0.010 0.01
LDL" (mmol/L) 2.0 (1.7-2.4) 1.9 (1.6-2.4) 2.0 (1.7-2.4) 0.063 0.01
HDL' (mmol/L) 1.3 (1.1-1.5) 1.3 (1.1-1.5) 1.3 (1.1-1.5) 0.168 <0.01
Non-HDL (mmol/L) 2.4 (2.0-2.8) 2.3 (2.0-2.8) 25 (2.1-2.9) <0.001 0.03
TC/HDL (ratio) 2.9 (2.5-3.3) 2.8 (2.4-3.2) 3.0 (2.7-3.5) <0.001 0.03
Blood sugar

HbA1c' (%) 5.4 (5.3-5.6) 5.4 (5.3-5.6) 5.4 (5.3-5.6) 0.383 <0.01
PAQ-C™

Median score (1-5) 2.9 (2.4-3.4) 3.0 (2.4-3.6) 2.7 (2.3-3.2) <0.001 0.02
ActiGraph

Sedentary time (%) 64.2 (60.3-67.9) 62.4 (58.7-66.5) 65.6 (61.9-69.0) <0.001 0.06
Light activity time (%) 28.9 (26.0-31.6) 29.2 (26.0-31.8) 28.6 (26.0-31.1) 0.154 <0.01
Moderate activity ime (%) | 4.8 (3.8-6.1) 5.5 (4.4-6.7) 41 (3.3-5.1) <0.001 0.16
Vigorous activity time (%) 2.0 (1.3-2.9) 2.5 (1.8-3.6) 1.6 (1.1-2.1) <0.001 0.18
MVPA" (min/day) 70.6 (52.6-89.4) 83.8 (64.4-104.1) 57.7 (45.5-75.2) <0.001 0.21
Wear time (min/day) 1034.0 (1002.1-1053.4) 1040.6 (1008.7-1059.6) 1028.5 (997.2-1049.3) <0.001 0.03
Meets physical activty 64.8/35.2 81.7/18.3 47.0/53.0 <0001 037

guidelines® (Yes/No; %)

Note: Values in bold indicate statistically significant results. Data are median (IQR) or percentage.

Between-sex differences assessed by Mann-Whitney-U-Test or Pearson’s chi-square test. °Effect size indicated by n? for continuous data and Cramer’s V for categorical data.
°Body mass index; Systolic blood pressure, Diastolic blood pressure, Triglycerides, 9Total cholesterol, "Low-density lipoprotein, 'High-density lipoprotein, ‘Difference between TC
and HDL, *Ratio between TC and HDL, 'Glycated haemoglobin, "Physical Activity Questionnaire for Older Children, "Moderate- to vigorous-intensity physical activity, °More than or

equal to (Yes), or less than (No) 60 minutes of MVPA per day.
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the recommended minimum of 60 min of MVPA per day. Overall, study
participants spent 64.2% of their daily time in SB, 28.9% in light PA,
4.8% in moderate PA, and 2.0% in vigorous PA. The median wear time
of the ActiGraph accelerometer was 17.2 h per day. The median PAQ-C
score was 2.9, which lies slightly above half the possible value between
1 (lowest) and 5 (highest).

Significant differences were found between girls and boys. BMI, SBP,
DBP, TG, TC, non-HDL, and TC/HDL were higher in girls than in boys
(BMI: 17.8 vs. 16.7, p < 0.001; SBP: 109.0 mmHg vs. 106.5 mmHg,
p=0.032; DBP: 66.5 mmHg vs. 64.5 mmHg, p = 0.019; TG: 0.9 mmol/L
vs. 0.7 mmol/L, p < 0.001; TC: 3.8 mmol/L vs. 3.6 mmol/L, p = 0.010;
non-HDL: 2.5 mmol/L vs. 2.3 mmol/L, p < 0.001; TC/HDL: 3.0 vs. 2.8,
p < 0.001). Boys were significantly more active than girls, as indicated
by both the questionnaire (3.0 vs. 2.7, p < 0.001) and accelerometry
(MVPA min/day 83.8 vs. 57.7, p < 0.001), and spent less time engaging
in SB than girls (62.4% vs. 65.6%, p < 0.001, respectively). The WHO
recommendations for PA were achieved by 81.7% of boys compared
with only 47.0% of girls.

Correlation analysis between PAQ-C and
wWGT3X-BT ActiGraphy

We found significant but weak associations between PAQ-C scores and
PA metrics measured by the ActiGraph accelerometry (Table 2). The
PAQ-C scores were positively associated with average MVPA minutes
per day (p=0.10, p = 0.015). The PAQ-C scores also correlated with the
percentage of time spent engaging in moderate- or vigorous-intensity
activities (p=0.09, p = 0.035; p=0.10, p = 0.013, respectively).
However, we found little evidence for an association between PAQ-C
scores and the time spent in SB (p = 0.72) or light PA (p = 0.31).
Association patterns are depicted in Figure 1.

Table 2:

Self-reported physical activity

Average MVPA? (min/day) Sedentary time (%)

PAQ-C® score (1-5) 0.101 (p = 0.015)

~0.015 (p = 0.719)

Physical activity and cardiovascular risk in children
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Associations between physical activity and sedentary
behaviour with cardiovascular risk markers

Significant associations were observed between selected CRMs and
PA metrics measured by PAQ-C and ActiGraph (Table 3). The ActiGraph
MVPA was significantly and inversely associated with BMI (MVPA:
beta=—0.031; Cl = —0.043, —0.020; p < 0.001). The PAQ-C scores
were inversely associated with SBP (beta=—1.563; Cl = —2.926,
—0.200; p = 0.025). Time spent in SB was positively associated with
TC, LDL and non-HDL (TC: beta=0.001, Cl = 0.000, 0.002, p = 0.018;
LDL: beta=0.001, Cl = 0.001, 0.002, p = 0.002; non-HDL: beta=0.001,
Cl = 0.000, 0.002, p = 0.008). Figure 2 provides a graphical
representation of significant association patterns. We found little evidence
for an association of DBP, HDL, TG, TC/HDL and HbA1c with self-reported
PA levels or with accelerometer-measured MVPA and SB.

Discussion

This study compared self-reported (PAQ-C) and accelerometry-based
(ActiGraphy) PA and their association with selected CRMs in a population
of school-aged children from underserved communities in South Africa.
It was found that PAQ-C scores were weakly associated with ActiGraph-
measured MVPA and that the two PA assessment methods were
inconsistent in detecting relationships with CRMs.

PAQ-C scores correlated positively with ActiGraph-measured MVPA
levels. Thus, children who rated themselves as being more physically
active according to their PAQ-C scores achieved higher levels of
MVPA as measured via accelerometry. However, the strength of the
relationship between the two methods was weak. These findings agree
with the results from other studies questioning the convergent validity
of the PAQ-C.%*% A recent meta-analysis by Marasso and colleagues
identified a moderate pooled correlation coefficient between the PAQ-C

Spearman rank correlations between PAQ-C scores and ActiGraph measurements of physical activity (V = 586)

Accelerometer-measured physical activity

Moderate activity
time (%)

Vigorous activity

Light activity time (%) time (%)
0,

—0.042 (p =0.309)  0.087 (p = 0.035) 0.103 (p = 0.013)

Note: Values in bold indicate statistically significant results; models are adjusted for sex, age and accelerometer wear time.

2Moderate- to vigorous-intensity physical activity, "Physical Activity Questionnaire for Older Children

0.5

0.4

0.3

0.2

0.1

-0.1

-0.2

Accelerometer-measured activity (z-Values)
o

Sedentary time

=g | ight-intensity activity

—@= \oderate- to vigorous-

-0.3 X ) o
intensity activity
-0.4
-0.5
[1.0; 1.8] [1.8;2.6] [2.6;3.4] [3.4;4.2] [4.2;5.0]
PAQ-C score (1-5)
Figure 1:  Correlation between accelerometry-based and self-reported physical activity. Moderate-to-vigorous

physical activity showed a significant positive correlation with Physical Activity Questionnaire for Older
Children (PAQ-C) scores (*p = 0.015) in school-aged children from Ggeberha, South Africa.
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Table 3: Associations between cardiovascular risk markers with physical activity and sedentary behaviour

Dependent variable PAQ-C? score (1-5) ActiGraph MVPA® (min/day) Sedentary time (min/day)
N beta 95% CI p-value beta 95% CI p-value beta 95% CI p-value
BMIcd (kg/m?) 586 —0.383 630767 3 0.054 —0.031 :gg;g <0.001  <0.001 63&?5 0.989
SBPs (mmHg) 577 -1.563 :ﬁgﬁg 0.025 0.012 685531 0.584 -0.002 &2'10721’ 0.814
DBP' (mmHg) 577 —0911 53257 T 015 0.006 agfgo 0729 —0.002 &3'1051 8 os
TCe (mmol/L) 492 0.068 6(1)2308 0.079 <0.001 688302 0.834 0.001 gggg 0.018
LDL" (mmol/L) 486 0.033 635529 0.294 <0.001 aggzoz 0.894 0.001 ggg; 0.002
HDL' (mmoliL) 492 0020 agg 5% 0260 <0.001 &8&01, 0627 <0.001 ggg? 0817
TG (mmol/L) 492 0.062 6220:4 0.067 <0.001 688202 0912 —0.001 83&?1 0.254
Non-HDL¥ (mmol/L) 492 0.048 (;_?'1021 7 0.146 <0.001 aggzoz 0.988 0.001 gggg 0.008
TC/HDL' (ratio) 492 0.015 635757 0.685 <0.001 63&02 0.937 0.001 gggg 0.155
HbATC™ (%) 500 0.008 63553 ° 0.548 <0.001 5,8'(?10" 0.569 <0.001 gggg 0.629

Note: Values in bold indicate statistically significant results. Unstandardised coefficients (beta) from linear regression models were adjusted for sex, age, height, weight and accel-
erometer wear time. The number of children included in models (N) varies due to missing data for some cardiovascular risk markers.

Physical Activity Questionnaire for Older Children; *Moderate-to-vigorous physical activity; °Body mass index; “Model adjusted only for sex, age and wear time; ¢Systolic blood
pressure, 'Diastolic blood pressure, “Total cholesterol, "Low-density lipoprotein, ‘High-density lipoprotein, /Triglycerides, *Difference between TC and HDL, 'Ratio between TC and
HDL, mGlycated haemoglobin
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Figure 2:  Significant associations between physical activity and cardiovascular risk markers. A significant inverse
association between (A) accelerometer-measured MVPA and BMI and (B) PAQ-C scores and SBP
(C) A positive association between SB and lipids can be observed for school-aged children from
Ggeberha, South Africa.
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and accelerometry measurements, whilst also reporting wide correlation
variability in the studies included. The low correlation coefficient and
the weak explanatory power observed in this study contribute to the
notion that PAQ-C and accelerometry have an inconsistent agreement
for measuring MVPA. Furthermore, the PAQ-C would not fulfil the
standards of a PA questionnaire proposed by Terwee et al., whereby
correlation coefficients with accelerometer-measured MVPA must be at
least moderate.” Because we only included valid accelerometry data
in our analyses to ensure a representative mean wear time (17.23 out
of @ maximum of 18 h), we deem the presented accelerometry-based
assessments as accurate. Therefore, we argue that attempting to derive
children’s objective MVPA levels from their PAQ-C scores, and vice
versa, is linked to a high level of uncertainty.

Differences between self-reported and accelerometer-measured PA
can be interpreted as children’s difficulties in assessing their own PA
habits. It has been observed that memory errors play an important
role, particularly when dealing with children.® Another factor potentially
contributing to discrepancies is the social desirability bias, where study
participants report higher PA levels to be viewed favourably by others.
Moreover, differences might stem from the ActiGraph not being able
to accurately measure activities with little upper body movement such
as cycling. During cycling, the upper body is not accelerated in any
direction as happens when, for example playing soccer, a popular activity
amongst children in South Africa.® Previous studies have also pointed
out that the PAQ-C and accelerometry do not actually measure the same
construct.® Accelerometry measures the exact duration, frequency and
intensity of body movement, whilst the PAQ-C provides information
about self-reported PA behaviour, activity types and settings in which PA
is performed. Hence, the simultaneous use of PAQ-C and accelerometry
could allow for a more comprehensive study of the relationship between
self-perceived and actual PA and customised PA recommendations.

Regarding cardiometabolic risk, ActiGraph-measured MVPA was inversely
related to BMI. Increasing MVPA by 15 min per day was associated with a
BMI reduction of approximately —0.47 points. The significant association
between accelerometer-measured MVPA and BMI demonstrates that
PA, particularly MVPA, can be a crucial contributor to weight control at
a young age.*' Especially girls should be encouraged to increase their
time spent in MVPA, as they spent substantially less time in MVPA and
showed higher BMI values compared to boys (57.7 vs. 83.8 min/day and
17.8 vs. 16.7 kg/m?, respectively). In contrast, children’s self-reported
PA levels were not significantly associated with BMI. Thus, children who
considered themselves as more physically active did not exhibit lower BMI
values. More consistent associations with BMI for device-based PA than
for self-reported PA have previously been reported and were attributed to
self-report bias.*

Diverging results were also obtained for the association between PA and
SBP. In this study, SBP was weakly and inversely associated with self-
reported PA but not with ActiGraph MVPA levels. Research has not shown
that self-reported PA estimates are more likely to identify a significant
association with BP compared with device-based PA measurements.
In contrast, some studies have observed a significant inverse association
between PA and BP using device-based methods,* although this
relationship has not always been established.“6*® The inconsistency of
findings on the relationship between PA and BP amongst children and
adolescents may be explained by varying durations of PA measurement,
a lack of consistency in methodology, the influence of childhood
adiposity, and wide ranges of age groups included in the studies.*

The activity assessment by accelerometry also provides estimates of the
time children spend in SB, which allowed for the analysis of the association
between CRMs and physical inactivity. Higher levels of SB were related
to small increases in TC, LDL and non-HDL concentrations, whilst
neither self-reported nor accelerometer-measured PA was associated
with any BLP parameter. Increasing daily SB by 15 min was associated
with a predicted increase of +0.015 mmol/L in TC, LDL and non-HDL.
Because girls showed higher levels of SB compared to boys (65.6 vs.
62.4% per day, respectively) and higher concentrations in TC (3.8 vs. 3.6
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mmol/L, respectively) and non-HDL (2.5 vs. 2.3 mmol/L, respectively),
they should particularly be encouraged to reduce time spent in SB. It has
been hypothesised that PA and SB have independent effects on lipoprotein
metabolism, with PA more strongly affecting HDL and TG, and SB being
rather related to the ‘bad’ cholesterol (LDL and non-HDL).% Consistent
with the findings of this study, it has been claimed that PA does not lower
LDL and TC.5' However, the significant effect of MVPA on HDL and TG that
has been previously observed was not found in this study.®? Qur results
conform to those of the European Youth Heart Study that revealed non-
significant relationships between MVPA and BLP5®

The results of this work must be interpreted considering the following
limitations. First, this study has a cross-sectional design, which means
that causality cannot be inferred because temporality is not known.
Second, 8.0% of children with ActiGraph data were excluded from the
analyses due to not meeting our wear time requirements. Third, PA was
assessed over the period of 1 week, but since PA is highly variable in
children, the measure comprised 1 week may not fully reflect children’s
true PA levels. Fourth, the limitations of the assessment methods must
be considered. PAQ-C is prone to recall errors, social desirability effect
and difficulties understanding the questions. Also, more than 25% of
study participants reported that an impairment had prevented them
from engaging in their usual PA and were therefore not included in the
analysis. Limitations of the ActiGraph accelerometry include its inability
to accurately measure activities with little upper body movement such as
cycling or weight training when worn around the hip. Lastly, the impact
of children’s dietary habits was not accounted for in the associations
between PA and SB with CRMs.

Conclusion

We found a weak relationship between self-reported (PAQ-C) and
accelerometer-measured (ActiGraph) MVPA levels in a paediatric
population from low-income areas in South Africa. Thus, we
advise caution when comparing studies that are based on diverse
methodologies for assessing PA. As PA measured via accelerometry
and SB showed stronger associations with CRMs, the wearable device
ActiGraph allowed for a more accurate CVD risk estimation compared
to the PAQ-C questionnaire. However, our results point towards a
weak association between PA and CRMs. Therefore, it is of interest to
further investigate the association between different PA measurement
methods in longitudinal studies, especially under researched paediatric
populations from LMICs.
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ABSTRACT

Introduction The prevalence of chronic, lifestyle-related
diseases is increasing among adults and children from
low-income and middle-income countries. Despite the
effectiveness of community-based interventions to
address this situation, the benefits thereof may disappear
in the long term, due to a lack of maintenance, especially
among disadvantaged and high-risk populations. The
KaziBantu randomised controlled trial conducted in 2019
consisted of two school-based health interventions,
KaziKidz and KaziHealth. This study will evaluate the long-
term effectiveness and sustainability of these interventions
in promoting positive lifestyle changes among children
and educators in disadvantaged schools in Nelson
Mandela Bay, South Africa, in the context of the COVID-19
pandemic.

Methods and analysis This study has an observational,
longitudinal, mixed-methods design. It will follow up
educators and children from the KaziBantu study. All

160 educators enrolled in KaziHealth will be invited to
participate, while the study will focus on 361 KaziKidz
children (aged 10-16 years) identified as having an
increased risk for non-communicable diseases. Data
collection will take place 1.5 and 2 years postintervention
and includes quantitative and qualitative methods, such
as anthropometric measurements, clinical assessments,
questionnaires, interviews and focus group discussions.
Analyses will encompass: prevalence of health
parameters; descriptive frequencies of self-reported health
behaviours and quality of life; the longitudinal association
of these; extent of implementation; personal experiences
with the programmes and an impact analysis based on the
Reach, Efficacy, Adoption, Implementation, Maintenance
framework.

Discussion In settings where resources are scarce,
sustainable and effective prevention programmes are
needed. The purpose of this protocol is to outline the
design of a study to evaluate KaziKidz and KaziHealth
under real-world conditions in terms of effectiveness,
being long-lasting and becoming institutionalised. We
hypothesise that a mixed-methods approach will increase
understanding of the interventions’ capacity to lead to

Strengths and limitations of this study

» The cohort of children was purposely and objec-
tively identified based on their high-risk profile; the
follow-up of personal health outcomes is of addi-
tional value.

» The mixed-methods approach, strengthened by the
involvement of the community and key stakehold-
ers, will enable a comprehensive evaluation of the
programmes.

» Internationally recognised measurement methods
for quantitative, as well as qualitative, were selected
and adapted to the study setting.

» The COVID-19 pandemic might influence schools’
decision to discontinue or adapt the post-KaziBantu
intervention and the research team will assess, but
not influence, its implementation.

» The study will yield context-specific results that will
be closely linked to COVID-19 measures and prac-
tices adopted by the schools.

sustainable favourable health outcomes amid challenging
environments, thereby generating evidence for policy.
Trial registration number ISRCTN15648510

INTRODUCTION

Socioeconomic, environmental and cultural
factors exert a significant influence on chil-
dren’s health and well-being.! In impov-
erished communities in low-income and
middle-income countries (LMICs), children
are especially vulnerable to illness and lags
in age-appropriate development, negatively
affecting their life prospects.*™* This precar-
ious situation has been aggravated by the
COVID-19 pandemic, which has compro-
mised millions of South African children’s
education, mental health and nutrition.’
Furthermore, the disease profile of urban
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populations from LMICs is approaching that of high-
income countries, as the proportion of deaths attribut-
able to chronic, lifestylerelated diseases increases.”™
Of particular concerns are changing dietary habits and
sedentary lifestyle patterns,” ' both known to lead to
metabolic and physiological changes, such as obesity
and hypertension, also in young children."" ' Chil-
dren presenting with cardiometabolic risk factors are at
particularly high risk because of their predisposition to
developing non-communicable diseases (NCDs) later in
life.!3 14 Thus, a reduction of undesired behaviours could
potentially prevent the majority of chronic diseases,
indicating a great need for prevention programmes and
awareness campaigns.'” '°

Global recommendations for physical activity (PA) stip-
ulate a daily minimum of 60 min of moderate-to-vigorous
PA for children between 5 and 17 years old. Walter showed
that the levels of in-school PA among children from
marginalised communities in South Africa do not meet
the minimal requirements,'” which was later confirmed
by ‘The Healthy Active Kids South Africa Report Card’
(2018)." Therefore, there is an urgent need to promote
PA among atrisk communities in South Africa. Several
school-based lifestyle interventions have proved effec-
tive in increasing levels of PA and reducing obesity in
children from different contexts.'**' However, very few
school-based and large-scale PA intervention studies have
been conducted in South Africa. The first study, Health-
Kick, was set in disadvantaged low-income communities in
Cape Town and aimed at promoting healthy eating habits
and regular participation in PA in children to reduce
the risk of chronic diseases.”” Study results were not
completely satisfactory and highlighted that educators
play a key role in implementing lifestyle interventions in
schools.” ** Some studies have reported beneficial effects
of integrated community-based interventions involving
the participation of educators and children.*

‘Disease, Activity and Schoolchildren’s Health’ study
documented the poor health status and double burden
from communicable and NCDs of children in disadvan-
taged communities in Ggeberha, formerly known as Port
Elizabeth, South Africa.” It also revealed the potential for
improvement through PA and health literacy interven-
tions, following the principles that PA is key for the promo-
tion of health and well-being among school children, and
that learning this at a young age will have long-lasting
effects throughout life. Moreover, it emphasised the role of
educators as influential and willing advocates.”” Building
on these results and experience, KaziBantu, a compre-
hensive school-based lifestyle intervention programme
aiming at promoting health literacy in both children and
educators of primary schools from disadvantaged commu-
nities in Nelson Mandela Bay (NMB) was developed.” Ka-
ziBantu, which is a composite Swahili and isiXhosa phrase
meaning «Active People», was designed as a dual approach
consisting of two school-based health promotion interven-
tions, KaziKidz for children and KaziHealth for educators,
and was implemented as a cluster randomised controlled

trial (RCT) between January and October 2019. Prelim-
inary results show that more than half of the assessed
children (544/975) presented at least one risk factor for
NCDs. Educators responded positively to the intervention
as they felt the programme was also focused on their health
and well-being (individualised results were communicated
to the study participants) and took cognizance of the diffi-
cult work environment they faced daily.

Furthermore, evidence suggests that general and work-
related stress increases the risk of mental ill health (burnout,
anxiety, impaired quality of sleep), as well as physical disease
(coronary heart disease and musculoskeletal disease). These
factors seem to contribute to an increased risk of premature
death.” This risk was confirmed in a large representative
sample of South African educators (N=21 307) working in
public schools. High stress levels, lack of job satisfaction
and different stress-related physical illnesses (hypertension,
heart disease, stomach ulcers, mental distress, tobacco and
alcohol misuse) were reported.”

Although evidence exists on the effectiveness of
community-based lifestyle interventions in LMICs,”
studies have also shown that positive effects tend to disap-
pear in the long term,”* sometimes because programmes
fail to be maintained.*® % In addition, there is still a scar-
city of evidence regarding the feasibility of educational
programmes in atrisk populations in disadvantaged
school settings. We hypothesise that a comprehensive
approach focusing specifically on high-risk children and
their educators might increase implementation feasi-
bility and ultimately lead to sustainable favourable health
outcomes in both groups.

Objectives

The goal of this follow-up study is to determine the long-

term post-RCT effectiveness, adoption and continuity of

both KaziKidz and KaziHealth school-based health inter-
ventions in disadvantaged primary schools in NMB,

South Africa, under real-world conditions and amid the

COVID-19 pandemic. To achieve this goal, the following

objectives are set:

1. To assess the effectiveness of the interventions in pro-
moting long-lasting, positive lifestyle changes among
children and educators, thereby reducing risk factors for
NCDs;

2. To evaluate the postintervention sustainability concern-
ing the continuation of the programme implementation
in the schools as well as the institutionalisation within
the Eastern Cape Department of Education (ECDoE) in
South Africa.

3. To provide recommendations towards guidelines for
a health promotion framework, as well as its adaption
to new contexts that may be translated into policy and
practice.

METHODS

Research setting

This study is conducted in the eight schools originally
selected for the KaziBantu RCT.”’ These are quintile
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three primary schools in the townships and Northern
areas of NMB, in the Eastern Cape province of South
Africa. The quintiles of South African schools are deter-
mined through the national poverty table and are ranged
on a scale from 1 (poorest) to 5 (least poor). Quintile
three schools represent no-fee paying schools and their
communities are adversely affected by poverty and high
unemployment rates.

Study population

Originally, in the KaziBantu project, both KaziKidz and
KaziHealth interventions were conducted in four schools,
whereas the other four participating schools were used
as controls.® In total, 975 children from fourth to sixth
grade (aged 8-16 years) were enrolled in the study; 482
children were allocated to the intervention and 493 to
the control arm. At the same time, 160 educators were
enrolled among all participating schools; of those, 85
took part in KaziHealth, whereas 75 served as waiting-list
controls.

This study will follow up children and educators from
the KaziBantu trial. While all educators who took part
in KaziHealth have been invited to participate in this
follow-up phase, a cohort of children from the KaziKidz
intervention, who have been identified as having an
increased risk for NCDs, have been included in this study.
We have defined increased risk as a child presenting at
least one of the following cardiometabolic risk factors:
(1) overweight or obesity, (2) elevated blood pressure or
hypertension, (3) pre-diabetes or diabetes, (4) borderline

Table 1 Classification criteria for cardiometabolic risk in
children
Risk factor Indicators and cut-off points
Adiposity®® & BMI-for-age (SD)
Overweight >+1 and <+2
Obesity >+2
Blood pressure®’ &2 SBP and/or DBP (percentiles and
mm Hg)
Elevated blood >90th and <95th or <90th
pressure but >120/80
Hypertension stage 1  >95th and <99th
or >130/80
Hypertension stage 2 >99th
or >140/90
Glycaemia®® HbA1c (mmol/mol)
Pre-diabetes >39 and <48
Diabetes >48
Dyslipidaemia®* ¢° TC (mmol/l)
Borderline >4.40 and 5.15
Dyslipidaemia >5.15

BMI, body mass index; DBP, diastolic blood pressure; HbA1c,
glycated haemoglobin; SBP, systolic blood pressure; TC, total
cholesterol.

or dyslipidaemia; according to age appropriate, standard
classifications (table 1) and based on KaziBantu baseline
data from July 2019. Of the 975 children who participated
in KaziKidz, 544 were classified as «high risk» according
to the above-mentioned definition. Since then, 183 chil-
dren have graduated from primary school resulting in
361 eligible learners. Of those, 240 have consented to
participate and have been enrolled in this follow-up study
at the time this protocol was published. Of the 160 educa-
tors enrolled in the KaziHealth program in 2019, 105 have
consented to participate and have been enrolled in this
study so far.

Intervention

The KaziKidz intervention consists of a tailored, ready-
made teaching material toolkit for grades 1-7 and
addresses children’s risk factors for NCDs, health
behaviours and psychosocial health. On the other hand,
KaziHealth is designed as a workplace intervention
targeting educators’ health and well-being through health
risk assessments and personalised lifestyle coaching. The
interventions have been described in detail elsewhere™
and all teaching materials and other project resources are
freely available online.”

After conclusion of the KaziBantu RCT in 2019, all
eight schools were given the freedom to conduct Kazi-
Kidz and KaziHealth. Thus, all children from grades 1-7
may have participated in KaziKidz, regardless of health
condition. However, the implementation of KaziKidz and
KaziHealth has proceeded independently and without
support from the project team in all schools, under
so-called «real-world» conditions. Therefore, the delivery
of the programmes might have been only partially imple-
mented. For instance, some schools might have needed to
adapt KaziKidz to comply with COVID-19-related require-
ments, while other schools might have not been able to,
or decided not to, continue with the intervention at all.

Study design

This study represents an observational follow-up of the
KaziBantu RCT and has been designed as a longitudinal
study to investigate the long-term effects of both life-
style interventions, KaziKidz and KaziHealth, on health
parameters and behaviours of a cohort of high-risk chil-
dren, as well as all educators originally included in the
RCT. The overall effectiveness and sustainability of the
programmes will be assessed using a mixed-methods
approach, including quantitative and qualitative data
collection methods and analyses (figure 1). Recruit-
ment has started in March 2021. Assessments of health
outcomes will be performed both for children and educa-
tors at two time points: April 2021 and September 2021,
that is, 1.5 and 2 years post-RCT, to evaluate the mainte-
nance of healthy, active lifestyles and its effect on an indi-
vidual level. As part of the postintervention evaluation,
the extent of KaziKidz's implementation in the schools
will be obtained from school representatives at both time
points to be able to correlate the observed outcomes with
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Figure 1 Overview of the follow-up study design to
assess the sustainability and effectiveness of KaziKidz and
KaziHealth.

continued participation in the original intervention. A
qualitative analysis of the school headmasters’ experi-
ences with KaziKidz, as well as of its incorporation into
the schools’ curriculum with officials from the ECDoE,
will take place 2 years post-RCT, in October 2021. Addi-
tionally, qualitative analyses will also be conducted with
school educators on their experiences with, and incorpo-
ration of, KaziHealth into their lifestyles 2 years post-RCT,
in October 2021. Further information on the adoption
and acceptance of KaziKidz by educators and parents, and
of KaziHealth by school headmasters’ and ECDoE officials
will be obtained during October 2021.

This postintervention sustainability assessment does not
involve the evaluation of programme delivery adequacy.
Similarly, the research team will not influence the effect
that «real-world» conditions might have on whether, or
how, the interventions are delivered in the schools. Since
the studied cohort does not involve the follow-up of a
control group, participants from schools refusing the
implementation would serve as comparison groups for
potential health and behavioural effects.

Data collection
Primary outcomes include anthropometric and clinical
examinations, self-reported and objectively measured PA,

self-reported diet and self-reported psychosocial health,
while secondary outcomes include age, sex, socioeco-
nomic status (SES)and school. Standard procedures to
assess the interventions’ health effects on markers for
NCD risk factors will be conducted by well-trained profes-
sional staff (eg, biokineticists), who will adhere to stan-
dardised, quality-controlled protocols established during
previous work of the research group in the area.

Anthropometric measurements: Body weight will be
measured on a digital weighing scale and body height
against a stadiometer with back erect and shoulders
relaxed. Body mass index (BMI) will be calculated as
weight (kg)/height (m),? and additionally, BMI-for-age
stratified by sex will be determined for children according
to WHO growth charts. Waist circumference will be
measured with a steel tape between the rib cage and the
iliac crest and hip circumference at the maximal circum-
ference of the buttocks; waist-to-hip ratio will be calcu-
lated as waist circumference/hip circumference. Body fat
percentage will be assessed via bioelectrical impedance
analysis (BIA) with a wireless body composition monitor
(Tanita MC-580; Tanita, Tokyo, Japan) in participants at
least 3 hours after food consumption.

Clinical examinations: Blood pressure will be measured
three times after the participant has been seating for 5
min. The Omron digital blood pressure monitor and
appropriate cuffs sized 17-22 cm for children and 22-32
or 32-42 cm for adults will be used for this purpose and
will be wrapped around the left arm with the bottom of
the cuff placed about 4 cm above the elbow and the palm
facing up. The blood pressure will be estimated as the
average value of the second and third measurement. A
full blood lipid profile will assess total cholesterol, low-
density lipoprotein cholesterol, high-density lipoprotein
cholesterol (HDL-C), triglycerides, non-HDL cholesterol
and cholesterol to HDL ratio with the Alere Afinion AS
100 Analyzer point-of-care testing instrument. Glycated
haemoglobin (HbAlc) will be measured from the second
of two blood drops extracted from the fingertip previ-
ously cleaned with alcohol and pricked with a safety
lancet, using the Alere Afinion AS 100 Analyzer. Haemo-
globin concentration will be assessed for educators with
the HemoCue Hb 301 system.

Objective measurement of physical behaviours: PA will
be measured for each participant using an accelerometer
(ActiGraph wGT3X-BT, Pensacola, Florida, USA) which
will be worn around the hip, at all times, for 7 days (five
weekdays and two weekend days), except for activities
involving water contact.

Questionnaires: Information on PA during school
hours and in their free time will be self-reported by chil-
dren using adjusted questions from the PA Questionnaire
for Children.” Dietary behaviours and nutrition will be
self-reported by children through a tailored, validated
food frequency questionnaire™ *” and by educators via
a 24-hour dietary recall questionnaire.” The validated
KIDSCREEN-10 questionnaire, European generic health-
related quality-of-life questionnaire (10-domain version),
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will be implemented to determine children’s physical
and psychological well-being.** ** Where necessary, ques-
tionnaires will be translated into the home language of
the children, isiXhosa or Afrikaans, and additionally
explained orally by students of the Nelson Mandela
University. Self-reported psychosocial health in educa-
tors will be assessed through general perceived stress
(four-item Perceived Stress Scale),* work-related stress
(Effort-Reward Imbalance),” work and family conflict
(Work and Family Conflict Scale),* and burn-out symp-
toms (Shirom-Melamed Burnout Measure“) question-
naires. Information about educators’ work attendance
will be obtained from the schools’ attendance registers.
A self-developed questionnaire will be used to assess the
continuity and extent of KaziKidz's implementation in the
schools and will be answered by the school representative.

The support for, and integration into the school curric-
ulum of, KaziKidz and KaziHealth sustainability will be
studied by qualitative research, employing credibility,
transferability, dependability, confirmability and authen-
ticity as quality criteria when employing qualitative
methods .**

Interviews: Information on the strengths, challenges
and prospects of the KaziKidz toolkit implementation in
the schools and the Eastern Cape school curricula will
be collected via semistructured interviews. Interviewees
will include principals from all participating schools
(n=8), as well as representatives from the ECDoE (n=1),
Provincial Teacher Development Institute (n=1) and
the Nelson Mandela University (n=1). The interview
schedule pertains to the perceived strengths, weaknesses,
acceptance and degree of integration of the intervention
programme into the school curriculum.

Focus groups: Information on community feasibility
and community acceptance of KaziKidz and KaziHealth
will be gathered during 16 focus group discussion (FGD)
sessions of eight participants each. For KaziKidz, six focus
groups will be organised and will include 24 parents and
24 educators from previous intervention and control
schools. The sessions will last approximately 60 min.
Parents and educators will be part of different groups to
focus on the feasibility and acceptance of the programme
at home and in schools, respectively. For KaziHealth, eight
focus groups will include educators from all schools,
whereas two other sessions will be organised with all eight
schools’ principals, on the one hand, and officials from
the ECDoE, on the other.

Data management

Throughout the study, personal data will be anonymised.
All data will be saved on SWITCHdrive, a Swiss non-
commercial cloud data storage service for institutions of
higher education. Stored data will be backed up weekly
and the principal investigator will supervise the content
to ensure data quality. Data collected will be accessible
only to authorised personnel (investigators and ethics
committee members) and exclusively used for scientific
research. Quantitative data will be double-entered and

validated in EpiData V.3.1 and once cleaned, transferred
to STATA V.15.1 for statistical analysis. Interviews and
FGDs will be audiorecorded, transcribed and coded. At
the end of the study, data will be anonymised and shared
using the publicly accessible data repository, Zenodo.

Data analysis

Anthropometric, clinical indicators and objectively
measured PA will be characterised by means and SD, if
they are close to the normal distribution, and otherwise
by medians and IQRs. Data on self-reported health status,
PA and dietary patterns collected in questionnaires will
be treated as categorical data and described by their
frequency distributions. The interview and FGD data will
be analysed using qualitative content analysis,*’ and each
interview and focus group transcript will be cross-coded
to locations and thematic fit. To improve intercoder reli-
ability, two independent coders will be employed. The
results of the qualitative analyses will include a taxonomy
of the perceived strengths, challenges and implementa-
tion of the intervention programme.

Cross-sectional analysis

Mixed linear models: Associations of continuous health
and PA outcomes with personal characteristics (eg, sex,
SES) will be assessed postintervention, that is, from data
collected after the conclusion of the trial. It will be adjusted
for the type of school (ie, intervention vs control) and
potential clustering within schools and classes, respective
random intercepts will be used.

Mixed logistic regression: For categorical outcome
measures, after suitable dichotomisation of polytomous
outcomes, associations with the same predictor variables
as for the mixed linear models will be analysed post-
intervention using the same random intercepts.

Longitudinal analysis

Mixed linear regression: Associations between longitu-
dinal changes in continuous variables (eg, BMI) and indi-
vidual characteristics, like sex and SES, will be assessed
with random intercepts for schools and classes. Longitu-
dinal changes in these outcomes will also be compared
between the previous intervention and control schools
after adjustment for personal characteristics. Moreover,
changes in health parameters will be regressed against
changes in PA and nutritional parameters. All analyses
will be conducted, with and without adjustment, for the
postintervention values of the respective outcomes. Also,
potential associations between adjusted school-specific
means of longitudinal changes in health parameters and
the retrospectively assessed degrees of implementation
of intervention measures in the respective schools will be
assessed.

Mixed logistic regression: Longitudinal changes in cate-
gorical outcomes will be analysed by dichotomising poly-
tomous outcomes. Analyses will be stratified according to
the postintervention value of the dichotomised outcome,
using mixed logistic regression models of the follow-up
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Table 2 Impact analysis evaluation based on the RE-AIM framework
Dimensions Social level Evaluation criteria
Reach Individual: Number and characteristics of children who:
Proportion of the target population that ~ Children » Have received at least half the planned lessons, as
has participated in the intervention Educators reported by the educators.
Number and characteristics of educators who:
» Have received the health risk assessment.
» Have attended at least one face-to-face coaching
session.
Efficacy Individual: Changes in:
Success rate of the intervention in Children »  Anthropometric measurements.
reducing risk factors Educators »  Clinical parameters.

Adoption
Proportion of settings that has
incorporated the intervention

Organisational:
School educators
School principals

Community:
School educators
Parents

Implementation

Extent to which the intervention has
been embedded in the schools under
naturalistic conditions

Organisational:
School principals

Maintenance Individual:
Adherence to and dissemination of the Children
intervention Educators

Organisational:
Eastern Cape
Department of
Education
Nelson Mandela
University

»  Quality of life.

Number and characteristics of:
» Schools that implemented the intervention.
» Health-promoting activities per school.

Number and characteristics of:

» Educators who have adopted KaziHealth
recommendations.

» Parents aware of and supporting KaziKidz activities.

Number of:

» Grades and classes participating in the intervention.

» Terms per school year in which the intervention is
being taught.

»  Staff involved in delivering the intervention.

Changes in:
» Physical activity and dietary behaviour.

Number and characteristics of:

» Schools/districts that have the intervention integrated
into the curriculum/environment.

» Actions taken towards its permanent integration
(policy), for example, teaching agenda of future
educators.

RE-AIM, Reach, Efficacy, Adoption, Implementation, Maintenance.

outcome with the same random effects structure and
the same predictor variables, as previously described,
for the mixed linear models. Additional analyses will be
conducted by treating the postintervention and the two
consequent FU outcomes as repeated measures.

To adjust for biases associated with missing data and/
or lost to follow-up, inverse probability weighting will be
used. Data imputation will be considered as an additional
option if the drop-out rate is moderate ( <20%).

Impact analysis

For the second objective of assessing the overall commu-
nity impact of the intervention, its acceptability, adoption,
implementation and maintenance will be explored at the
individual, community and organisational level. For this
purpose, a systematic analysis will be performed based
on the RE-AIM evaluation framework and its proposed
dimensions ((1) Reach, (2) Efficacy, (3) Adoption, (4)
Implementation and (5) Maintenance) SYEach dimension
will be analysed separately, using pieces of data collected
by the above-mentioned methods and as described in

table 2, and results will be expressed as percentages. Ulti-
mately, the combination of all five dimensions will result
in a score that Glasgow and colleagues refer to as «public
health impact» or «population-based effect».”

Participant and public involvement

Adult participants were involved in the conception of the
research question by identifying their pivotal role in both
the implementation and maintenance of the intervention.
They will collaborate in the methodology via interviews
and FGDs, where preliminary results will be presented for
their verification. Participants will also contribute to the
results by reporting on the burden of the interventions
and specific local needs.

Participants have been informed on the study, along-
side their right to voluntary participation and withdrawal
at any time without justification. Before taking part in any
assessment, as proposed by this study, oral assent has been
sought from children and written consent from their
guardians, as well as from the participating educators.
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Study results will be summarised in manuscripts and
submitted for publication to open-access, peer-reviewed
scientific journals. Results will also be presented at
relevant national and international conferences and
workshops.

Methodological limitations

The implementation of KaziKidz and KaziHealth will not
be monitored by the research team and schools were
given the freedom to decide whether, and to what extent,
they will deliver the health interventions. Therefore, any
participating school may decide not to implement the
interventions after completion of the KaziBantu trial. The
extent of KaziKidz's implementation will be assessed via
questionnaire with school representatives and informa-
tion about the reasons for discontinuation will be sought;
this information will be considered for the feasibility
assessment. Similarly, the status and extent, including
reasons for discontinuation, of KaziHealth’s implementa-
tion will also be explored and evaluated via FGDs with
school educators, headmasters’ and ECDoE officials.
Furthermore, for those cases where a further implemen-
tation of the interventions has not taken place, it will
be aimed at measuring the corresponding children and
educators at the foreseen follow-up time points.

Discussion

Globally, a total of 41 million deaths are attributable to
non-communicable, chronic conditions, such as diabetes,
coronary heart diseases or cancer every year. Of those
deaths, it is estimated that around 80% are preventable
because they are associated with poor diets, physical
inactivity, alcohol addiction, tobacco use and polluted
environments. However, NCD aetiology is very complex
and individuals cannot be held responsible because they
live in a system that encourages unhealthy behaviours.
Hence, aiming merely to change behaviours might be
complicated and ineffective over time. Instead, the focus
should be on tailoring interventions aimed at creating
environments that promote healthy lifestyles, making
the system more beneficial, accessible and affordable for
everyone. This is especially important in the early stages
of life, where healthy behaviours can be adopted naturally
and maintained throughout life. Furthermore, NCDs are
a major threat to individual and national economic devel-
opment: unhealthy habits acquired during childhood will
most likely lead to unhealthy adults who are unable to
develop to their full potential.”

The COVID-19 pandemic has highlighted the increased
risk for severe disease and mortality faced by people living
with chronic conditions.” At the same time, it has jeop-
ardised the livelihood of millions of families, dispropor-
tionately hitting the most vulnerable and taking a special
toll on children.”® By December 2020, South African chil-
dren lost up to a third of the school year, thus, not being
able to complete the entire curriculum and leaving many
gaps in children’s education. Moreover, socioeconomic

inequality is also likely to have further increased, since
poorer learners and schools were least able to catch up.”

On reopening in both 2020 and 2021, schools in South
Africa have been forced to adopt strict measures to
further limit the spread of COVID-19. In addition to the
staggered return to the school system, the 1.5 m social
distancing requirement has led to schools incorporating
what they referred to as a block teaching system, whereby
schools operate at 50% or less of their capacity. More
information on COVID-19-related school lockdown and
closure in South Africa and the Ggeberha region can be
found in online supplemental material. Furthermore, the
ECDoE advised schools not to exclude any of the subjects
from the curriculum, but to prioritise the more heavily
weighted academic subjects, such as English, Afrikaans,
Mathematics and Science. Physical education is currently
not a stand-alone subject in the South African curriculum
but forms part of the Life Orientation/Life Skills subject.
Consequently, the likelihood of physical education
receiving limited attention, and even being neglected,
throughout the COVID-19 pandemic is high. Hence, we
believe that the implementation of the KaziKidz mate-
rial might have been affected too, which justifies further
exploration. The complexity of lifestyle interventions,
such as KaziKidz and KaziHealth, and their successful
implementation reside in their multidimensional nature,
that is, the involvement of individual, environmental
and policy factors that interact at multiple social levels
(individual, community and organisational institutional).
The RE-AIM framework will be followed to predict the
feasibility of both interventions in terms of effective-
ness, addressing whole populations, being long-lasting
and becoming institutionalised.”® ** ** The information
obtained from linking the intervention integration level
in the schools with the personal adoption of behavioural
changes and the achieved health effects both in children
and educators, will yield unprecedented results on life-
style interventions’ potential to effectively promote the
acquisition and maintenance of healthy lifestyles during
childhood and adulthood that will ultimately support
overall community health and well-being. Furthermore,
we believe that continuing with the assessments indi-
cated in the methodology sections will provide valuable
insights into the children’s health amidst the COVID-19
pandemic, and facilitate contextually valid recommenda-
tions for future interventions, policy and practice.

Finally, due to the multifactorial nature of NCDs,
collaboration among different sectors, such as govern-
ments, communities, academia and the private sector, is
necessary. The comprehensive evaluation of a tailored
school-based health promotion intervention presented
in this paper could provide unique evidence and support
the dissemination of the intervention and collaboration
between partners from different sectors,”” ultimately
influencing local policy.58
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Introduction: Risk factors for noncommunicable diseases such as insufficient
physical activity (PA), overweight or hypertension are becoming increasingly
predominant among children globally. While school-based interventions are
promising preventive strategies, evidence of their long-term effectiveness,
especially among vulnerable populations, is scarce. We aim to assess the short-
term effects of the physical and health KaziKidz intervention on cardiometabolic
risk factors and the long-term, pre-and post-COVID-19 pandemic changes
thereof in high-risk children from marginalized communities.

Methods: The intervention was tested in a cluster-randomized controlled trial
between January and October 2019 in eight primary schools near Ggeberha,
South Africa. Children with overweight, elevated blood pressure, pre-diabetes,
and/or borderline dyslipidemia were identified and re-assessed 2years post-
intervention. Study outcomes included accelerometry-measured PA (MVPA),
body mass index (BMI), mean arterial pressure (MAP), glucose (HbAlc), and lipid
levels (TC to HDL ratio). We conducted mixed regression analyses to assess
intervention effects by cardiometabolic risk profile, and Wilcoxon signed-rank
tests to evaluate longitudinal changes in the high-risk subpopulation.

Results: We found a significantintervention effect on MVPA during school hours for
physically inactive children, and among active as well as inactive girls. In contrast,
the intervention lowered HbAlc and TC to HDL ratio only in children with glucose
or lipid values within the norm, respectively. At follow-up, the intervention effects
were not maintained in at-risk children, who showed a decline in MVPA, and an
increase in BMI-for-age, MAP, HbAlc and TC to HDL ratio.
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Conclusion: We conclude that schools are key settings in which to promote
PA and improve health; however, structural changes are necessary to ensure
that effective interventions reach marginalized school populations and achieve

sustainable impact.

physical activity, health promotion, school-based, noncommunicable diseases,
effectiveness, sustainability, South Africa

1. Introduction

Unhealthy behaviors, such as physical inactivity, and subsequent
cardiometabolic changes including increased weight, raised blood
pressure (BP), high plasma glucose, or an abnormal lipid profile are
well-established risk factors for noncommunicable diseases (NCDs)
diseases (1). While NCDs appear typically in adulthood, evidence
shows that health during the first periods of life will have an impact
on adult life (2). Yet, modifiable risk factors are getting more
predominant among children. For instance, it is estimated that 81% of
children worldwide do not meet the recommended 60min of
moderate to vigorous intensity physical activity (MVPA) per day (3).
Meanwhile, childhood obesity and hypertension have increased
dramatically in the last decades (4, 5). Hence, reducing risk factors
early in life to prevent the continuous rise of NCDs is urgently needed.

One strategy to halt the incidence of NCDs is promoting healthy,
active lifestyles from a young age (6). Engagement in regular physical
activity (PA) has been described to support physical and mental health
in school-aged children and avert weight-related cardiometabolic
diseases (7-10). At the same time, education to support behavioral
change around PA has been recognized as a cost-effective strategy to
reduce NCDs (11). Thus, several PA interventions have focused on the
school setting for this purpose. Concretely, comprehensive school PA
programs (CSPAs) have been identified as promising strategies to
increase daily movement while reaching vast numbers of children (12).

However, conflicting literature exists about the effectiveness of
school-embedded programs in increasing PA and improving health
among children. Systematic reviews have demonstrated either no
improvement in PA and cardiovascular risk (13, 14), or positive
though modest effects (15, 16) both in the short- and long-term.
Although initial beneficial effects have been described to attenuate
over time, more complex interventions that showed no immediate
impact reported improvements long after the intervention’s end (17).
Thus, follow-up measurements are important to evaluate the efficacy
of interventions and maintenance of results.

Furthermore, the majority of evidence originates from high-
income countries. In South Africa, varying results have been described
for school-based interventions on health behaviors and risk among
underprivileged adolescents (18, 19). A recent systematic review
corroborated the inconsistency in interventions effectiveness in Africa
(20). On the other hand, studies have shown that tailoring programs
to the needs of vulnerable groups rather than prioritizing a higher
population reach, increases intervention feasibility (21). The scarcity
of evidence and discrepant results highlight the need for further
research on the long-term effectiveness of lifestyle interventions in
low- to middle-income countries, especially among vulnerable groups.
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Against this background, we developed the KaziKidz health
promotion program incorporating CSPAs components and tailoring
it to low-resourced schools." The main purpose of this study is to
examine short- and long-term changes on the cardiometabolic risk
profile of children at risk of NCDs as a result of program participation.
Specifically, we will first compare children presenting risk factors for
NCDs with healthy counterparts, and assess the intervention effect on
movement and cardiometabolic parameters. We will then examine the
development of these risk factors in at-risk children two years’ post-
intervention. Based on prior knowledge, we hypothesize that the
intervention will have a positive effect on improving learners” health
outcomes, but we expect the effect to decline over time.

2. Materials and methods

2.1. Study design

A cluster-randomized controlled trial (RCT) was implemented in
low-income primary schools from marginalized neighborhoods
around Ggeberha, in the Eastern Cape of South Africa (22). The study
included baseline assessments in January 2019, a 20 week intervention
period, and post-intervention measurements in October 2019. Eight
schools met the inclusion criteria of geographical location and
representativeness, language, and school commitment. The allocation
to a study condition was done at the school level, in a sequential
manner, and using opaque, sealed envelopes. Four schools were
randomly allotted to the intervention arm, and four to the control arm.

Building on the RCT, a cohort of at-risk children was identified
and followed up two years post-intervention with a final assessment
in October 2021.

2.2. Intervention

The KaziKidz intervention is part of the KaziBantu project that
aims to enhance health and physical literacy in low-resourced primary
schools. It utilizes the KaziKidz toolkit, which consists of ready-to-use
lessons for teachers covering (1) physical education (PE), (2) moving-
to-music dance classes, and (3) health, hygiene and nutrition
education. PE and moving-to-music each comprise 32 lessons of
40 min, with one weekly lesson of each subject. Health and hygiene,

1 https://www.kazibantu.org/
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and nutrition each include three 40 min lessons conducted throughout
the school year. All lessons are adapted for grades one to seven.

The KaziKidz teaching material was delivered to all classes grades
four to six from March to July 2019 by life-skills orientation teachers.
In addition, the four intervention schools received basic sports
equipment and painted playground games. To test different delivery
strategies, two of these schools were additionally offered two 90 min
workshops that informed teachers on the practical implementation of
the toolkit. One of them further received support from a trained
sports graduate from the Department of Human Movement Science
at the Nelson Mandela University, who assisted teachers with the
intervention delivery.

Further details on the intervention can be found in the study
protocol (22).

2.3. Participants

In the original RCT, data was collected from one class of each
grade (grades four to six) in all participating schools, with most
children being 8-13 years old. For a child to participate in the RCT,
the following inclusion criteria had to be met: (1) having written
consent from a guardian and oral assent from child, (2) not been
enrolled in other clinical trials, and (3) have been cleared to participate
by a qualified healthcare professional.

As reported in the first section of the flow diagram (Figure 1),
1,020 learners were screened and 975 randomized at school level after
having met the inclusion criteria. Excluding baseline and post-
intervention drop-outs, data from 961 learners (473 intervention
versus 488 control arm) were included in the short-term analysis.

For the follow-up study, a sub-cohort of children was selected and
included in the study if they (1) had participated in the RCT baseline
and post-intervention assessments; (2) based on the baseline records
presented at least one of the following cardiometabolic diseases: (i)
overweight or obesity, (ii) elevated BP or hypertension, (iii)
pre-diabetes or diabetes, (iv) borderline or dyslipidemia, based on
age-standardized guidelines; and (3) had given consent. The second
section of Figure 1 shows that from an eligible sample of 543 children
identified at risk, 280 were enrolled in the study and included in the
final analysis (133 intervention versus 147 control arm). Further
details on the study population and setting can be found in the study
protocols (22, 23).

2.4. Data collection

2.4.1. Physical activity

PA was assessed via accelerometry. The triaxial actigraph
wGT3X-BT (ActiGraph LLC, Pensacola, United States) was set up at
a 30 Hz sampling rate and worn around the hip for seven consecutive
days. Data processing was done in the ActiLife software (version
6.13.4; ActiGraph LLC, Pensacola, United States) using a 10s epoch
length and the Troiano et al. algorithm to remove non-wear-time (24).
PA measurements were included for further analyses if they consisted
of at least three valid schooldays and one valid weekend day. A valid
day was defined by a minimum of three hours’ wear-time between
08:00 and 15:00 (school days), or eight hours between 06:00 and 24:00
(weekend day). MVPA was calculated as minutes per day spent in
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moderate and vigorous intensity activity levels, as defined by Evenson
et al. cut-off points. Non-compliance with the 60 min of MVPA per
day recommended for children by the World Health Organization
(WHO) was considered physical inactivity.

2.4.2. Anthropometric and clinical outcomes

We used a digital weighing scale (MC-580; Tanita, Tokyo, Japan)
to measure body weight and a stadiometer for body height. Body mass
index represents weight (kg) divided by squared height (m?).
Sex-adjusted BMI-for-age z scores (zBMI) were determined based on
the WHO children growth standards (25). Overweight was defined as
zBMI values over 1 standard deviation.

Resting BP was appraised three times using the Omron automated
oscillometric device (Omron® M6 AC; Hoofddorp, Netherlands). The
mean of the last two readings was used to compute systolic (SBP) and
diastolic (DBP) BP. Mean arterial blood pressure (MAP) was
calculated as: 1/3(SBP-DBP) + DBP (26). A SBP and/or DBP over the
90th percentile or 120/80 mmHg were characterized as elevated
BP (27).

Minimally invasive blood sampling was done by pricking the
child’s fingertip with a safety lancet. The Alere Afinion AS 100
Analyzer device (Abbott Laboratories, Illinois, United States) was used
to determine glycated haemoglobin (HbAlc) and total cholesterol
(TC) to high-density lipoprotein (HDL) ratio levels. HbA1lc values
higher than 39 mmol/mol and a TC higher than 4.40 mmol/L were
indicative of pre-diabetes (28) and borderline dyslipidemia (29),
respectively.

2.4.3. Socioeconomic status

We employed a nine-item questionnaire covering housing
characteristics (type of house, number of bedrooms, own toilet, type
of toilet, access to water, access to electricity) and household
possessions (washing machine, refrigerator, car) to evaluate the
socioeconomic status (SES) of children according to previous research
(30). A SES index was calculated by dichotomizing the nine items
(0=not available, low quality; 1 =available, high quality) and adding
them up, whereby 0 represents the lowest SES possible and 9
the highest.

2.5. Statistical analyses

Data was double-entered and validated using EpiData (version
3.1), and EvaSys (version 7.1) was used to appraise questionnaire
data. Continuous outcomes were described with medians and 95%
confidence intervals (CI), while categorical variables were presented
as frequencies and 95% CI. Since missing data differed by outcome,
we reported sample size for each analysis separately. We applied a
series of separate linear mixed models to evaluate the short-term
intervention effect on PA and health outcomes by risk group using
classes as random effects. Model for zBMI-for-age was controlled for
baseline levels and SES. Models for MAP, HbA1lc and TC to HDL
ratio were controlled for baseline levels, age, sex, and SES. Total and
school MVPA were controlled for baseline levels, age, sex, SES, and
wear-time. Post-hoc analyses included studying the effect of the
intervention on PA levels by sex. To assess the long-term
development of cardiovascular risk factors in the subsample of
at-risk children, we performed pair-wise Wilcoxon signed-rank tests
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[ Enrollment ] [ ]
Assessed for eligibility
(n=1,020)
Excluded (n = 45)
* Not meeting inclusion criteria (n = 26)
» Declined to participate (n = 19)
. Randomized (8 schools)
[ Allocation ] (n = 975)
! [ Baseline ] v
Allocated to intervention (4 schools) (n = 482) Allocated to control (4 schools) (n = 493)
* Received allocated intervention (n = 477) * Received allocated intervention (n = 490)
» Did not receive allocated intervention (left » Did not receive allocated intervention (left
school) (n = 5) school) (n = 3)
v [ Post-intervention ]
Analysed (n =473) Analysed (n = 488)
» Lost to follow-up (left school) (n = 4) * Lost to follow-up (left school) (n = 2)
Enrollment ] [ ]
v v
Identified at risk (n = 256) Identified at risk (n = 287)
» 1 risk factor (n = 170) » 1 risk factor (n = 182)
» 2risk factors (n = 70) » 2risk factors (n = 87)
» 3risk factors (n = 15) » 3risk factors (n = 16)
» 4risk factors (n=1) * 4risk factors (n = 2)
y [ Follow-Up ] \
Analysed (n = 133) Analysed (n = 147)
+ Left school or home-schooled (n = 106) » Left school or home-schooled (n = 105)
+ Declined to participate (n = 17) » Declined to participate (n = 35)
FIGURE 1
Participant flow diagram

for within-subject variations between baseline, post-intervention
and follow-up. Size effect r was calculated as the absolute z score
divided by the square root of the sample size, and interpreted
according to Cohen (31). We then conducted the mixed linear
regression models described above to examine the association
between intervention arm and long-term outcomes. We used the
bias-corrected and accelerated bootstrap interval with 1,000
replicates to construct estimates and 95% CI, and we set a
significance level at p <0.05 for all analyses. Statistical analyses were
done in IBM SPSS Statistics (version 28) for Windows.
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3. Results

Table 1 shows baseline characteristics of all participants by
intervention group. Median age was 10.8 years old (95% CI: 10.71
to 10.92) and the percentage of girls and boys was distributed
almost equally between both the intervention and the control group
(girls: 49.0% versus 48.8%; boys: 51.0% versus 51.2%, respectively).
Median SES was 6.0 (95% CI: 6.00 to 6.00) for both groups. The
control and the intervention groups differed in MAP (Md: 80.67
versus 79.00, respectively) and TC to HDL ratio (Md: 3.00 versus
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TABLE 1 Demographic and clinical characteristics of participants at baseline, in January 2019 (N=961).

Numeric variable Control Intervention

Median 95% ClI Median 95% ClI
Age (years) 488 10.88 10.72-11.02 473 10.73 10.61-10.89
Total MVPA*® (min/day) 466 67.82 64.61-71.42 449 71.93 68.17-74.24
In-school MVPA (min/day) 466 16.26 15.33-17.20 449 16.60 15.93-17.50
BMI"-for-age (z scores) 443 0.15 0.00-0.28 469 —0.12 —0.23-0.01
MAP* (mmHg) 478 80.67 79.67-81.50 460 79.00 78.17-79.67
HbA1c! (mmol/mol) 364 36.00 35.00-36.00 395 36.00 35.00-36.00
TC:HDL* 357 3.00 2.90-3.10 394 2.80 2.70-2.90
SES' (0-9 scale) 454 6.00 6.00-7.00 435 6.00 6.00-6.00

Categorical variable

Intervention

95% ClI % 95% ClI

Sex
Girls 238 48.8 44.5-53.3 232 49.0 44.4-53.7
Boys 250 51.2 46.7-55.5 241 51.0 46.3-55.6
Physical inactivity® 176 37.8 33.5-42.3 152 339 29.8-38.3
Overweight" 113 255 21.2-29.8 91 194 15.8-22.8
Elevated blood pressure’ 183 38.3 33.9-42.5 161 35.0 30.7-39.6
Prediabetes’ 50 13.7 10.4-17.3 53 134 10.1-16.7
Predyslipidemia* 66 18.5 14.6-22.7 54 13.7 10.2-17.3

“Moderate to vigorous intensity physical activity.
"Body mass index.

“Mean arterial pressure.

4Glycated haemoglobin.

“Total cholesterol to high-density lipoprotein ratio.
‘Socioeconomic status.

SMVPA below 60 min a day.

"zBMI-for-age over 1 standard deviation.

‘Systolic and/or diastolic blood pressure over the 90th percentile or 120/80 mmHg.
/HbA1c over 39 mmol/mol.

¥TC over 4.40 mmol/L.

Bold values indicate statistical significance.

2.80, respectively). The prevalence of risk factors for all participants
was 22.4% (95% CI: 19.7 to 25.2%) for overweight or obesity, 36.7%
(95% CI: 33.6 to 39.8%) for elevated BP or hypertension, 13.6%
(95% CI: 11.1 to 16.2%) for pre- or diabetes, 16.0% (95% CI: 13.2 to
18.6%) for pre- or dyslipidemia, and 35.8% (95% CI: 32.7 to 39.3)
for physical inactivity.

Results of mixed regression analyses are presented in Table 2.
The intervention showed a statistically significant effect in increasing
MVPA during school among physically inactive children (B=1.71,
95% CI: 0.14 to 3.35, p=0.008) but not in already active children
(B=0.19, 95% CI: —1.58 to 1.08, p=0.762). No significant
intervention effect was observed for total MVPA in neither group.
The intervention significantly lowered MAP both in children at risk
of hypertension (B=-2.16, 95% CI: —4.20 to —0.06, p=0.008) and
in those not at risk (B=—1.77, 95% CI: —3.14 to —0.70, p=0.004).
For both HbAlc and TC to HDL ratio a significant positive
intervention effect was observed in children not at risk of diabetes
(HbAlc: B=-0.26, 95% CI: —0.52 to —0.01, p=0.037) or
dyslipidemia (TC to HDL ratio: B=—0.11, 95% CI: 0.18 to —0.05,
p=0.002). Meanwhile, children with higher HbA1lc baseline levels
did not experience a significant intervention effect (B=—0.38, 95%
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CIL: —1.32 to 0.29, p=0.458), while the intervention significantly
increased TC to HDL ratio levels compared with those at baseline
(B=0.12, 95% CI: —0.002 to 0.23, p=0.036).

The regression analysis showed a significant association of sex
with total and in-school MVPA. Post-hoc analyses revealed that
the intervention was effective in increasing in-school MVPA time
among girls both not compliant (B=2.03, 95% CI: 0.58 to 3.42,
p<0.001) and compliant (B=1.80, 95% CI: —0.22 to 3.82,
p=0.035) with PA recommendations, but no significant
association was observed for boys in either group (B=0.68, 95%
CI: =5.39 to 7.82, p=0.694; B=-1.39, 95% CI: —3.29 to 0.50,
p=0.109, respectively), nor in total MVPA for any sub-group
(Supplementary Table S1).

We report Wilcoxon signed-rank findings for within-subject
variations over time in at-risk children in Table 3. In general, the
test revealed a statistically significant change in all outcomes
during the intervention period, and no significant change between
post-intervention and follow-up. In physically inactive children,
both total and in-school MVPA increased significantly (z=—4.24,
p<0.001; z=—3.74, p<0.001, respectively) from baseline to post-
intervention. From post-intervention to follow-up, the median
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TABLE 2 Post- intervention effects on cardiometabolic risk factors in not at-risk versus at-risk children.

Risk factor Not at-risk At-risk
95% ClI 95% ClI p-value

Total MVPA® (min/day) 425 —1.64 —5.94-2.66 0.314 254 0.70 —3.72-5.85 0.643
In-school MVPA (min/day) 425 —0.19 —1.58-1.08 0.762 253 1.71 0.14-3.35 0.008
BMI-for-age® (z scores) 646 —0.02 —0.07-0.03 0.336 186 —0.001 —0.09-0.11 0.981
MAP* (mmHg) 538 -1.77 —3.14-—0.70 0.004 317 —2.16 —4.20--0.06 0.008
HbA1c! (mmol/mol) 600 —0.26 —0.52-—0.01 0.037 97 -0.38 -1.32-029 0.458
TC:HDL* 576 —0.11 —0.18-—0.05 0.002 111 0.12 —0.002-0.23 0.036

At-risk is defined for each outcome separately as: physical inactivity for total and in-school MVPA, overweight or obesity for BMI-for-age, elevated blood pressure or hypertension for MAP,
pre- or diabetes for HbAlc, pre- or dyslipidemia for TC:HDL. Mixed linear regression were applied. All outcomes have been controlled for baseline outcome, age, sex and SES using class as
random effects; BMI-for-age has not been controlled for age and sex; total and school MVPA have been further controlled for wear-time. Bias-corrected and accelerated (BCa) and 1,000

replicates bootstrap adjusted results.

“Moderate to vigorous intensity physical activity.
"Body mass index.

‘Mean arterial pressure.

4Glycated haemoglobin.

“Total cholesterol to high-density lipoprotein ratio.
Bold values indicate statistical significance.

TABLE 3 Longitudinal changes in cardiometabolic risk factors in children at risk of noncommunicable diseases from baseline to follow-up.

Risk factor Baseline Post- Follow-up Baseline—post- Post-intervention—
intervention intervention follow-up
Median (95% Median (95% Median (95% p- p-
Cl) Cl) Cl) value value

Total MVPA® (min/
da) 58 | 46.65 (45.71-48.60) = 53.29 (49.40-57.26) 41.90 (38.40-5331) | —4.24  <0.001 056 = —1.95 0.052 0.26
ay
In-school MVPA

74 12.65 (11.50-15.03) 15.88 (14.13-17.93) 17.73 (15.53-19.47) —3.74 <0.001 0.43 —1.45 0.147 0.17
(min/day)
BMI-for-age” (z

101 1.76 (1.41-1.99) 1.77 (1.57-2.10) 1.82 (1.60-2.10) —-2.07 0.039 021  —034 0.737 0.03
scores)
MAP< (mmHg) 152 87.75(86.08-89.50) = 81.92 (80.58-83.83) 85.75 (84.25-87.50) = —6.48 | <0.001 053  —518  <0.001 0.42
HbAlc! (mmol/mol) = 43 | 39.00 (39.00-40.00)  37.00 (36.00-37.00) 38.00 (37.00-38.00) =~ —5.78 = <0.001 088  —1.63 0.104 0.25
TC:HDL* 57 3.30 (3.00-3.50) 2.90 (2.70-3.30) 3.00 (2.80-3.20) —471 | <0.001 062  —161 0.11 0.21

At-risk is defined for each outcome separately as: below 60 min of MVPA a day for total and in-school MVPA, overweight or obesity for BMI-for-age, elevated blood pressure or hypertension
for MAP, pre- or diabetes for HbAlc, pre- or dyslipidemia for TC:HDL. Wilcoxon signed-rank test. r=z/ \/ N. Interpretation of size effect according to Cohen (1988): Small: 7 from 0.01 to
0.029. Medium: r from 0.30 to 0.49. Large: r>0.5. Bias-corrected and accelerated (BCa) and 1,000 replicates bootstrap adjusted results.

“Moderate to vigorous intensity physical activity.
"Body mass index.

‘Mean arterial pressure.

4Glycated haemoglobin.

“Total cholesterol to high-density lipoprotein ratio.
Bold values indicate statistical significance.

score of total MVPA declined from 53.29 to 41.90, although this
decrease was not statistically significant (z=—-1.95, p=0.05) and
of small effect size (r=0.26). in-school MVPA, a
non-significant increase of small effect was observed at follow-up
(z=1.45, p=0.15, r=0.17). MAP was the only outcome that
showed significant changes in both periods. While a significant

For

decrease of large size effect was observed during the intervention
(z=-6.48, p<0.001, r=0.53), MAP levels increased between post-
intervention and follow-up (z=—-5.18, p<0.001) with a medium
size effect (r=0.42). Similarly, a statistically significant reduction
of large size effect was observed from baseline to post-intervention
in both HbAlc (z=-5.78, p<0.001, r=0.88) and TC to HDL ratio
(z=—-4.71, p<0.001, r=0.62), followed by a rise of the median
values at follow-up that was non-significant and of small effect
size (HbAlc: z=-1.63, p=0.104, r=0.25; TC to HDL ratio:
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z=-1.61, p=0.11, r=0.21). Median zBMI-for-age raised over
time across all time points (Md: baseline: 1.76, post-intervention:
1.77, follow-up: 1.82).

Further, we wanted to examine whether an intervention effect
could be observed in the long-term. Figure 2 depicts the
development of cardiovascular risk factors in at-risk children
from baseline to follow-up by intervention arm. For at-risk
children who participated in the intervention, PA levels decreased
between post-intervention and follow-up, and all other risk
factors increased. Children at risk who were in the control group
followed a similar development, except for school MVPA, whose
levels rose during this period. We confirmed these observations
via mixed regression analyses (Supplementary Table S2). No
significant intervention effect was found between post-
intervention and follow-up.
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FIGURE 2
Longitudinal changes in cardiometabolic risk factors in children at risk of noncommunicable diseases. Changes from baseline to post-intervention and
from post-intervention to follow-up are represented by intervention arm for (A) total moderate to vigorous intensity physical activity (total MVPA),
(B) in-school moderate to vigorous intensity physical activity (school MVPA), (C) sex- and age-adjusted body-mass-index (BMI-for-age), (D) mean
arterial pressure (MAP), (E) glycated haemoglobin (HbAlc), and (F) total cholesterol to high-density lipoprotein ratio (TC:HDL).

. Discussion

The main findings of this study are that the KaziKidz school-
based intervention had beneficial short-term effects that differed
depending on the children’s cardiometabolic risk profile, and that
the observed effects lessened over time in vulnerable children. In
the short-term, the intervention was effective in increasing during
school MVPA for physically inactive children and among girls
regardless of initial PA levels. At the same time, the intervention
reduced MAP for all children, while only healthy children’s HbAlc
and TC to HDL ratio levels decreased significantly. At the 2 year
follow-up, the intervention effects were not maintained in
children at risk of NCDs, who showed lower total time spent in
MVPA and elevated zBMI-for-age, MAP, HbAlc and TC to HDL
ratio levels.
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Our first aim was to study the immediate effect of a health-
enhancing physical education intervention on cardiometabolic
indicators in children at risk of NCDs compared to their healthy peers.

Although mixed results have been reported for school-based
programs targeting PA, our findings are in line with those of a recent
umbrella review (32). In this overview, Mannocci and colleagues
found small increases in PA among children. However, the significant
improvement in-school MVPA was not observed in total
MVPA. Disagreement between in-school PA participation and total
movement throughout the day has already been described. Favorable
effects on PA levels during PE classes and school hours were not
mirrored by a positive impact during leisure time (16), or were
attenuated by inactivity after school (14). So far, the focus around the
health benefits of PA has been on total MVPA across the day. We argue
that neglecting interventions that prove effective in increasing MVPA

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1199381
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Arnaiz et al.

during the school time would be a missed opportunity to reach certain
subgroups with less inherent motivation or opportunities to move
outside of school hours.

In fact, the positive results found on school MVPA were on
children with low initial levels of PA, as well as in girls independent
of their activity status. These findings differ from that of a pooled
analysis that detected a positive effect on PA for already active
children, but not for inactive children or girls (33). Similarly, Love
et al. did not find evidence of variable efficacy by sex (14). One
possible explanation is that our intervention was better suited to meet
the specific needs of inactive children and girls compared to the
studies included in these analyses. Concretely, the KaziKidz toolkit
aims to integrate movement into the learners daily lives through fun
and games, rather than with competitive team games. The latest has
been identified as a barrier of girls’ participation in physical activities
(34). Moreover, increasing movement levels in these groups could
help develop their motoric skills and, ideally, create long-lasting
positive attitudes towards PA. As high-intensity PA has been
repeatedly associated with better cardiovascular outcomes (35), even
small increases in PA levels accumulated over time could have
meaningful clinical implications in at-risk populations.

Conflicting results exist about the potential of interventions to
modify cardiometabolic risk markers. In our study, the intervention
did not affect BMI levels in neither normal weight or overweight
learners. However, it lowered MAP for children with and without
pre-existing elevated BP. Furthermore, a significant improvement in
glucose and lipid levels was only observed among children with no
glycemic or lipidemic disorders, respectively. Poor cardiovascular
health in children is oftentimes associated with unhealthy habits.
Changing at-risk behaviors through lifestyle interventions has proven
challenging. For example, limited results in BMI reduction among
severely obese children and sustainability issues have been described
(36). It is possible that longer intervention duration or higher
intervention intensity might be needed to see an improvement, or
that our intervention did not meet the specific needs of children with
existing health disorders. Considering that high-risk subgroups are
more susceptible to adverse health outcomes across the life-course,
more research is imperative to identify effective and sustainable
interventions in these groups.

The second aim of the study was to assess the long-term
development of risk factors in especially vulnerable children. In
general, the cardiometabolic risk profile of at-risk children
worsened over time. However, results must be interpreted in the
context of the COVID-19 pandemic, as South Africa employed one
of the strictest lockdown measures globally. The 2 year follow-up
assessments took place after children re-entered schools and while
operating at 50% capacity.

A decline in total MVPA of over 11 min/day, although not
statistically significant, was observed from October 2019 to October
2021. This reduction is higher than the 8 min/day reported for a
population of school-aged English children between Summer 2018
and Autumn 2021 in the United Kingdom, which would be broadly
equivalent to the expected natural decline observed with age (37).
Consequently, we saw an increase of almost 10% in the prevalence
of physical inactivity compared to baseline. Interestingly, the
median school MVPA increased. We speculate that families
maintained limited physical and social contact after COVID-19-
related restrictions were lifted, limiting children’s playtime
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outdoors. Meanwhile, schools would present as an alternative space
for free and safe movement, and play. Our results point towards a
longstanding adverse effect of the COVID-19 pandemic on PA
levels, and potentially other cardiometabolic risk factors.

Indeed, a deterioration of children’s health during the
COVID-19 pandemic has been reported by other authors, although
evidence is limited and heterogeneous. In our study we found a
significant increase in MAP at follow-up, and small, non-significant
changes in HbAlc and TC to HDL ratio. Our observations are in
line with one study that found significant changes in HbAlc and
lipid levels among dyslipidemic children (38). Another study in
children with type 1 diabetes found a generalized decline in
cardiometabolic risk factors including lipid parameters (39).
Furthermore, an increase in pediatric type 2 diabetes during the
COVID-19 pandemic has been reported (40). The higher
consumption of salty and sweet foods and beverages noted during
lockdown periods (41), may be one cause of health decline.
Moreover, because PA is inversely associated with cardiometabolic
risk factors (42), it is reasonable to think that the decline in total
MVPA might partly explain the raise in BP, glucose and lipid levels
observed in our study population. Notably, we did not see a
significant increase in zZBMI-for-age among overweight children
post-pandemic. Our observation aligns with that of Weaver and
colleagues, who found a significant acceleration in zZBMI values in
children with normal weight but not in overweight or obese
children (43). Discrepancies between norm weight and overweight
children have been corroborated by a meta-analysis (44). Arguably,
these differences might stem from pre-pandemic behavioral
patterns, with overweight children engaging in less health-
supporting lifestyles that in turn, were not impacted by the
pandemic. Because our study is intertwined with the COVID-19
pandemic, the extent to which the observed changes follow a
secular trend or result from exposure to the epidemic remains
unclear. Thus, future research should look into the long-term
consequences of the COVID-19 pandemic both in healthy and
vulnerable children.

Finally, we aimed to evaluate whether the effects observed in
at-risk children post-intervention could be maintained over time.
In line with previous research, we could not detect any outcome
differences between the intervention and control groups at the
2year follow-up (45). However, the scarcity of evidence on long-
term intervention effectiveness makes it difficult to compare our
results to others. As pointed out by one systematic review “more
research is required with long-term follow-up to study the
sustainability of (initial positive) changes” (46). Furthermore, the
COVID-19 pandemic forced the closure of South African schools
between March and June 2020. Upon reopening, social distancing
protocols were put in place and the academic curriculum was
trimmed to make up for the loss in schooling days (47).
Consequently, it is likely that physical education has been neglected
during this period. Thus, we cannot conclude whether the lack of
long-term effect lies on the intervention itself, or rather its forced
discontinuation due to the COVID-19 pandemic and the
consequences thereof. These findings support the notion that
systematic changes that integrate effective interventions into the
structure of organizations are needed to ensure maintenance of
positive effects. This is especially true in challenging settings like
ours, where possibilities for PA are scarce.
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4.1. Strengths and limitations

Strengths of this study include the use of a RCT with a
longitudinal design, that allowed us to follow-up a vulnerable
population including pre- and post-COVID-19 measurements.
Furthermore, the availability of quality data, especially device-based
PA, which is rare in relatively large sample sizes and low-income
settings like ours. However, our study also had some limitations.
First, intervention schools participated in different conditions with
three of four schools receiving external support, while intervention
fidelity was not assessed. Nevertheless, the application of mixed linear
models enabled us to account for the variability between schools,
classes, and intervention delivery. Second, low accelerometer wear-
times might lead to inaccurate results. We approach this limitation
by only including valid and representative days and controlling for
wear-time in the analyses. Third, choosing appropriate cardiovascular
risk markers and defining accurate cut-off points in children is a topic
of debate in the literature. Different markers exist for different
outcomes, and some change with age and maturation state of the
child. Thus, using the same cut-off point for all children might
present an under- or overestimation of the actual risk. This is partially
overcome by the use of age- and sex-adjusted percentiles for BMI and
BP, while none are available for glucose or lipids. Finally, as our study
focuses on health outcomes of especially vulnerable children, no
long-term data from healthy children was available to compare the
development of cardiometabolic markers over time.

5. Conclusion

Our intervention was especially effective in improving high-
intensity PA during school hours among less active children. It also
improved cardiovascular risk factors, while benefit was higher for
healthy children compared to at-risk children. Because we saw a
deterioration in the long-term health outcomes of high-risk children,
future studies should identify interventions that target the specific needs
of vulnerable subgroups. Furthermore, intervention effects were lost in
the long-term, possibly due to the program discontinuation during the
COVID-19 pandemic. Moving forward, policymaking should provide
for the integration of evidence-based interventions into resilient
frameworks. This is of paramount importance if we aim to translate
short-term benefits into long-lasting impact, especially for vulnerable
populations living in challenging environments. In conclusion, schools
are key settings to promote PA and improve health, but structural
changes are necessary to ensure that effective interventions reach
marginalized school populations and achieve sustainable impact.
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ABSTRACT

Background: Despite the uncontested benefits of physical activity, its promotion lags behind
in the public health agenda of low- and middle-income countries (LMICs). School-based
interventions are promising strategies to foster health during childhood, but evidence of their
effectiveness is limited and inconclusive for LMICs. Thus, further investigation is needed on
contextual factors associated with intervention implementation in low-resource settings. We
studied the acceptability and feasibility of the KaziKidz health promotion intervention and its
implementation and make recommendations to improve future adoption and sustainability.
Methods: KaziKidz was implemented in four primary schools from low-income communities
in South Africa in 2019. Semi-structured interviews with four school principals, three focus
group interviews with 16 educators, and another three with 16 caregivers were conducted
between October and November 2021. Participants were purposively recruited. Interview

transcripts were analyzed via thematic analysis using a deductive and reflexive approach.
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Results: Three main themes influencing intervention implementation and adoption were
identified: (1) prioritizing teachers’ needs, (2) integrating the program into the school
structure, and (3) creating opportunities in the community. Supporting recommendations
included: (theme 1) adopting intervention approaches that are inclusive of educators’ health
and providing them with capacity development and external support; (theme 2) fostering a
feeling of ownership and belonging among school stakeholders to adapt interventions to
specific resources and needs; and (theme 3) raising awareness in the community for increased
power.

Conclusions: Comprehensive interventions comprising health support and adequate training
for educators combined with environmental actions and communication strategies that hold
key stakeholders accountable for program ownership can enhance uptake of school-based
interventions and long-term maintenance.

Trial registration: ISRCTN15648510, registered on 17/04/2020.

Keywords: School-based interventions, physical activity, health promotion, acceptability,

feasibility, teacher, caregiver, South Africa.

INTRODUCTION

The benefits of physical activity (PA) for health and adequate development in childhood are
widely recognised (1-3). Yet, physical inactivity is widespread among school-aged children. In
Sub-Saharan Africa, the prevalence of insufficient PA among adolescents amounts to 86%,
making it the second-highest globally (4). Despite physical inactivity being long identified as a
global health issue and a pandemic in itself (5), the promotion of PA has received little
attention, particularly in low- and middle-income countries (LMICs), where infectious disease
prevention remains the primary focus of the public health agenda (6). As a result, little
progress has been observed in promoting PA in LMICs (7). The Global Observatory for Physical
Activity reports high inequalities among countries and regions in their capacity for promoting
PA, with Africa having the lowest capacity (6). Therefore, there is a call to action to implement
effective policies and programs to increase PA levels in the African population, especially in
children (8).

School-based interventions are promising and cost-effective strategies to foster healthy,
active lifestyles early in life (9). The multi-component KaziKidz program was developed based

on the UNESCO criteria for Quality Physical Education to promote health and physical literacy
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in under-resourced public primary schools in South Africa (SA) (10, 11). Positive intervention
effects on cardiovascular parameters and PA levels have been observed for the KaziKidz
program (12, 13) and similar comprehensive programs (14). Still, inconsistent results on the
effectiveness of school-based health-enhancing interventions have been reported worldwide
(15) and in Africa (16). A systematic review found differences between rural and urban settings
(17), suggesting that the context influences program success. The discrepant results and
limited evidence from LMICs (18) underscore the need to investigate contextual factors and
specific challenges associated with program implementation in low-resourced schools.
Implementation research seeks to facilitate the uptake of evidence-based practices in real-life
settings (19). It aims to ensure effective implementation and sustainment of interventions by
identifying and addressing context-specific challenges that influence their delivery. To
examine the conditions surrounding the implementation of interventions, Proctor and
colleagues defined a series of implementation outcomes (20). Outcomes such as acceptability,
i.e. perception among implementation stakeholders, and feasibility, i.e. the extent to which
an intervention can be successfully implemented, are crucial to understanding
implementation processes and recognizing areas of weakness.

Indeed, poor deployment can hinder the success of otherwise effective initiatives. The
importance of assessing the implementation quality of school-based health interventions has
been previously reported (21). Authors have claimed that strengthening implementation
research on PA programs can provide context-specific information that supports schools in
their effective implementation (22). While several studies have described facilitators and
barriers of school-based PA interventions, evidence suggests that further research is necessary
to develop strategies that put this evidence into action (23). Thus, a need exists to accelerate
our understanding of successful implementation strategies and ensure that effective
interventions are successfully established in diverse settings and populations.

Hence, the main purpose of this paper is to inform practitioners and policy makers on
evidence-based implementation strategies to guide the future of KaziKidz and other health
promotion interventions in schools. Specifically, we aimed to understand the acceptability of
the KaziKidz intervention by exploring educators’ and caregivers’ perceptions thereof, and to
analyze the feasibility of both the intervention and its delivery by learning about the schools’

experiences with the program implementation. Finally, we identify points of action and make



specific recommendations to improve the adoption, sustainability, and ultimately

effectiveness of school-based interventions.

METHODS

Study design

This qualitative descriptive study is part of a mixed-methods project evaluating two school-
based interventions: KaziKidz, a health promotion program for learners, and KaziHealth, a
workplace health intervention for educators (24). Both interventions were implemented in
the context of a randomized controlled trial in eight participating schools, four intervention
and four control, in 2019 (10). Thereafter, the follow-up evaluation study involved a series of
guantitative and qualitative assessments in 2021, using a convergent design to collate and
analyze these data separately and draw overall conclusions (25). This paper examines the
gualitative outcomes of the KaziKidz intervention and presents them in a descriptive manner.
Intervention

In the South African school system, physical education (PE) forms part of the life skills/life
orientation (LS/LO) subject. Generally, PE is taught by non-specialists and little time is
dedicated to it, approximately one hour per week per grade (26). The KaziKidz program aims
to support LS/LO educators in delivering quality and comprehensive physical and health
education. Its multi-component approach includes context-adapted and ready-to-use
teaching materials with PA and dancing exercises, as well as health, hygiene, and nutrition
lessons for grades 1 to 7; teacher training in the form of workshops or direct support from
trained coaches; and environmental changes, like the provision of basic PA equipment (balls,
ropes...) and games painted in the playground (hopscotch, four-square...)(27).

KaziKidz is coupled with the KaziHealth workplace intervention, which seeks to promote
healthy lifestyles among primary school educators. KaziHealth consists of an individualized
health risk assessment followed by lifestyle coaching that aims to increase personal
knowledge and motivation.

Study setting

The participating schools were located in peri-urban, low-income communities in the Nelson
Mandela Bay Municipality of the Eastern Cape Province of SA. These communities are

characterized by poverty, high unemployment rates, and crime. All eight schools represent



public primary quintile 3 schools on the national poverty scale (1 represent poorest and 5 the
least poor schools) and are non-fee-paying schools.

Participants

Purposive sampling was employed to identify study participants in the schools that
implemented KaziKidz in 2019. School principals from the four intervention schools were
invited to take part in the interviews. Three of these schools were asked to recruit eight
educators and eight caregivers each to reach a total sample of 48 participants for the focus
group interviews (FGls). The final study sample consisted of four school principals, two female
and two male, 16 educators, 12 female and 4 male, and 16 caregivers, 14 female and 2 male.
Data collection

Four semi-structured interviews with school principals and six FGls, three with educators and
three with caregivers, were conducted between October and November 2021. Three different
interview guides were developed to reflect the particular role of each group. All guides
contained questions pertaining to the participants’ perception of and experiences with the
program and its implementation (Additional file 1). Furthermore, prompts and follow-up
guestions were employed to invite interviewees to elaborate on their responses and maintain
a balanced participation during the FGls. Interview guides were pilot tested, and questions
adapted accordingly.

All interviews and FGIs were conducted in-person, at the schools, and in English by an
independent researcher, who was familiar with the research setting and briefed on the study.
The first author (PA) was present in all interviews acting as observer and note-taker. A Xhosa
native speaker, who is part of the research team, was also present and assisted with
translation whenever needed. All sessions were audio recorded and lasted an average of 24
min for interviews with school principals and an average of 60 and 43 min for FGls with
educators and caregivers, respectively.

Data analysis

The interviews were transcribed verbatim and analysed via thematic analysis following the six-
phase model proposed by Braun et al. in an iterative and reflexive manner (28). The analysis
was done by the first author (PA), a female researcher with a public health background, who
approached the analysis in a primarily semantic and inductive manner. The six analysis steps
included (i) familiarization with the data, which started by taking notes during the interviews

and continued by transcribing and re-reading the transcriptions; (ii) initial open coding in
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MAXQDA Plus 2022 (VERBI Software, Berlin, Germany), followed by a revision that led up to
more latent and nuanced codes; (iii) theme development, which involved the arrangement of
codes into preliminary themes informed by thematic frameworks from the literature; (iv)
theme refinement and (v) naming entailed a detailed analysis of the data with the help of
thematic maps to find meaning across the dataset and alignment with the research question,
which led to new, crosscutting themes; and (vi) writing up the report by collecting, editing,
and situating the analysis in context. Compliance with Braun et al.’s 15 criteria for good
thematic analysis guarantees methodological quality and rigor of the analysis (Additional file

2) (29).

RESULTS

Data from school principals, educators, and caregivers were combined to present a
contextualized and in-depth picture of the KaziKidz program implementation in four primary
schools in SA. The qualitative analysis revealed three main thematic areas across the
interviews and FGls relating to the participants’ perceptions of the program and experiences
with its implementation.

Table 1 presents the three key themes and sub-themes revealed by the thematic analysis. The
main themes were: prioritizing teachers’ needs, integrating the program into the school

structure, and creating opportunities in the community.

Table 1. Main themes and sub-themes arising from transcript analysis.

Main themes Sub-themes

1. Prioritizing educators’ needs 1.1. Health and lifestyle
1.2. Workload and expertise
2. Integrating the program into the school 2.1. Stakeholders’ role
structure 2.2. Curriculum configuration
2.3. Availability of resources
3. Creating opportunities in the community 3.1. Child development

3.2. Caregiver involvement




Theme 1: Prioritizing educators’ needs
School personnel expressed seeing educators as pivotal figures in program implementation
and hence, their buy-in necessary for program success. However, a number of issues related
to their personal health and professional responsibilities that influenced their motivation and
availability to engage with the program arose in their discourse.
1.1 Health and lifestyle
Despite the fact that no questions concerning educators’ health state were included in the
interview guide, several participants mentioned health conditions and associated them with
unhealthy lifestyles, for example sedentary behavior:
“I have arthritis, I’'m truly lazy, sometimes when | come to school | request an Uber
going home because it’s hard to walk.” (program coordinator, female, school 3)
In turn, unhealthy habits and unfavorable attitudes toward sport were reported to have a
negative impact on how educators engaged with the program.
“After the [KaziHealth health assessment] | discovered that I'm unhealthy with
certain areas. | tried to be conscious, but to bring it down to the kids is not that easy.
So | do not encourage my learners, the fact is... activity to me is strenuous and I'd
rather sleep than exercise.” (Educator, female, school 1)
Meanwhile, educators from one school described being physically active and interested in
sports as a sign of predisposition to get involved with the program.
“Many of us here are physically busy, exercising and so, so we will definitely get on
board with this thing.” (Educator, male, school 1)
Educators’ mental health seemed to be an issue of concern too.
“As we come to work each day we have a lot of challenges...\We need moments
where our cup is filled again, talk about our mental health, because if we're not
mentally healthy, our bodies are going to feel weaker.” (School principal, female,
school 3)
1.2. Workload and expertise
A high workload and pressure from the Department of Education to finalize the school
curriculum was consistently reported. According to school principals and educators, the
multitude of duties that educators must undertake on a daily basis engenders a sense of stress

and a dearth of available time.



“There’s not really time for them [educators]... the pressure from the department to
finish the curriculum and complete the FATs, the formal assessment tasks, puts lots
of pressure on the teacher.” (School principal, male, school 2)
The stated pressure and scarcity of time undermined educators’ motivation to engage in non-
academic and extracurricular activities.
“The problem is time... We don't have the time because we are pushed, we have our
own academics and things that we need to finish.” (Educator, male, school 1)
Moreover, educators' inadequate training in PE was raised in accordance with the program’s
potential to increase teaching competency, which was regarded as positive.
“Programs like this just enrich and give us more opportunities, more grounds to
speak on.” (Educator, male, school 1)
Therefore, the educators’ disposition toward the program was positive and hinted at a
willingness to overcome the cited barriers and engage with the program:
“Since it's something that is for fitness, for health... | think it's very important.
Because sometimes we get tired of even reading things, just taking the forms that
you have given us, we'll say ‘nah nah, we have to read now again?’ But for the things
that are important, we can do it.” (Educator, female, school 1)
Theme 2: Integrating the program into the school structure
Embedding the program into the school day-to-day operations was also widely recognized to
be key for successful program implementation and maintenance. It seemed that having a clear
structure would minimize the stated motivational and logistical barriers. Nonetheless,
respondents reported that adopting the intervention required a systemic approach, whereby
diverse aspects of the school environment needed to be considered.
2.1. Stakeholders’ role
It was outlined that establishing a school-wide initiative requires an effective and joint effort
from all stakeholders involved and not just from educators.
“You need the SGB [School Governing Body], Department of Education, teachers,
kids, everyone to buy into this idea... because it's a wonderful initiative, but it has to
have everybody's involvement to get this program running and to operate at the
optimal level.” (Educator, male, school 1)
On the one hand, school principals acknowledged their role as a motivating force in launching

the program and stimulating enthusiasm among educators.



“The school has got to come together and look at this thing in depth... It's got to
start here in the office with a plan, and I'm sure by doing that the teachers will get
on board.” (School principal, male, school 1)
On the other hand, educators articulated that their active participation was imperative not
only for program implementation but also to instill motivation in children. The perception of
themselves as role models created a sense of responsibility that fostered their engagement.
“If I was just standing there, just being there, the learners will definitely not be
interested. So | must show interest for them to be interested." (Educator, female,
school 2)
Further, other influential stakeholders were mentioned. Specifically, the Department of
Education was alluded to in its capacity as a policymaker and its potential to support
incorporation, establishment, and dissemination of the program.
“The Kazi project is a good thing, but you need to bring it more to the front, speak
to the people that's there in charge.” (Educator, male, school 1)
2.2. Curriculum configuration
A prevailing agreement was observed regarding the syllabus’ pronounced focus on academic
performance, which together with the cited tight schedule and low teaching proficiency and
motivation, contributed to the neglect of PE.
“So there is a program out but with limited emphasis on physical education...
Learners learn through play and being active, but they don't get that opportunities.
It's more academics in the classroom.” (Educator, male, school 1)
Caregivers reinforced the perceived superiority of academic subjects by asserting that the
amount of time allotted to PA decreases as children mature and require greater concentration
on academic pursuits.
“Ever since grade five, in the afternoon, from half past three to nine o'clock at night
we will sit with homework. There's no time for after school curriculums... | had to cut
him off because his school marks came down a lot, so he had to focus more on
school.” (Caregiver, male, school 1)
Nevertheless, principals, educators, and caregivers alike agreed on the importance of
adopting a holistic approach to education. They affirmed that the program’s worth resided in

its potential to complement the existing syllabus with non-academic content.



“It took the curriculum to another level in terms of showing the children besides the
book work. We do a lot of book work... Where Kazi came and it showed the children,
‘enjoy what you're doing’.” (Educator, female, school 2)
Finally, educators recognized that the KaziKidz program aligned well with the current
curriculum, reinforcing existing topics and providing practical teaching resources and tools.
“It does fit in the school curriculum because... everything that is taught on the life
skills is what they are doing in Kazi, so that it helps them even more on that [teaching
LS/LO].” (Educator, female, school 3)
2.3. Availability of resources
Several respondents mentioned that the schools’ poor infrastructure and inadequate sports
equipment were hindering factors for the practice and teaching of PE.
“Tools can also motivate the teachers to be able to take the children for physical
education, but we don't really do it properly because of the lack [of equipment].”
(School principal, female, school 4)
The resources offered with the program, namely, simple PA equipment, painted games, and
posters, were consistently reported to assist teaching.
“Because they [educators] were also given certain tools and materials, which the
school did not have... the teachers were able to take the children to the court... So |
think that part also assisted a lot the educators.” (School principal, female, school 4)
The materials provided also encouraged movement among learners.
“Those things [skipping ropes] even they [younger children] use it, they enjoy those
types of things... the poorer schools that we are in don't have those resources”
(Educator, female, school 2).
Resources other than infrastructure were mentioned by principals and educators. Concretely,
staff shortage and teacher turnover indicated a negative impact on program maintenance.
“Another principal told me that three people [are] sick. The principal is also out of
school more than a year now... And there is no money to pay substitutes.” (School
principal, male, school 2)
“Mrs [name] used to run the program, and then... she passed away, so she was the

one that had control over all the facets of the program.” (Educator, male, school 1)
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Theme 3: Creating opportunities in the community
The perceived value of the program for children and its potential to have a positive impact on
the wider community was identified as a significant factor contributing to its acceptability.
This was especially true in connection with the unfavorable circumstances that characterize
the study setting, such as poverty, unemployment, or crime, and hence, the opportunities that
providing a holistic, quality education could bring.
3.1. Child development
Educators and caregivers noted that KaziKidz had a positive effect on children’s wellbeing,
behavior, and discipline.
“You can even see after the program the children got more self-confidence... They
have a more positive mindset now.” (Caregiver, female, school 2)
Moreover, it was mentioned that lifestyle programs like the KaziKidz promoted tolerance and
cooperation among peers, attitudes that are especially important in diverse communities.
“They learn team work. Most people come [to school] with different backgrounds,
so they have to be tolerant of one another... So it is important that they get into
those programs.” (School principal, female, school 3)
Participants also highlighted the significance of such programs for diversity and inclusion, as
they provide opportunities for children who struggle with academic subjects and serve as
motivators for attending school.
“They were quite excited to come to school. Some of the learners don't learn in class
because of their own barriers. But when it comes to coming out and play, they enjoy
that. So they come to school just for the sport and the physical education.”
(Educator, female, school 2)
Overall, the program’s potential to cultivate children’s mindset, discipline, tolerance, and
inclusion resulted in a sense of opportunity that is often absent in these communities.
“[The] KaziKidz program it's quite a good program for our school, taking into account
the community that our learners are coming from, where unemployment rate is
high, crime, poverty... We should be making sure that [each] child gets proper
education and is equipped for the future.” (School principal, female, school 3)

3.2. Caregiver involvement
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Accounts from principals and educators reflected a strong wish to involve children’s guardians
in the program, with the goal of adopting the knowledge and habits beyond the school setting
and ultimately impacting the broader community.
“Who is the driving engine of the kids after school? It’s the parents... They are
stakeholders of it... because you are only stuck with the kids for certain amount of
hours.” (Educator, male, school 1)
Caregivers themselves reported that information had gotten through to the home setting.
“Kids sometimes tell us... “don’t eat too much food, don’t eat too much meat’. When
there are programs here in school, kids learn fast, then they come to us and they
teach us.” (Caregiver, female, school 3)
However, their narrations demonstrated limited understanding. While some guardians
mentioned not receiving any information, those who were aware of the program often
confused it with the data assessment.
“I don't actually have a lot of information about this... Just my child was participating
in it and she brought the thing [accelerometer] that she had to put on the stomach.”
(Caregiver, female, school 2)
Moreover, respondents recognized that adopting healthy lifestyles is challenging given the
adverse conditions of the communities they live in.
“There is a lot of unemployment in this community, so even to change your diet some
of us can't afford it... Normally we do food that goes a long way.” (Caregiver, female,
school 2)
In general, caregivers expressed a desire to be more informed about the program and to
support their children.
“Bring the parents also to the table, so they can have a better understanding, we
will know better how to answer all the questions [from children regarding the

program].” (Caregiver, female, school 2)

DISCUSSION

Participants provided insight into their perceptions and experiences for implementing the
KaziKidz program in public primary schools. School principals and educators’ narrations
revealed that attending to educators’ personal and professional needs is central to

strengthening their engagement with the program. Furthermore, integrating the program into
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the school system was recognized to facilitate delivery and maintenance. Finally, respondents
acknowledged that adoption beyond the school setting is necessary to ultimately create a
positive impact in the community.

The first theme identified in our study places educators in the spotlight of school-based
interventions. We found that poor health and unhealthy lifestyles conditioned their attitude
toward sport and ultimately hindered their engagement with the intervention.
Notwithstanding the dependability on educators for implementing school-based programs,
there has been a failure to acknowledge the influence of their health and wellbeing in adopting
and sustaining said programs. While efforts to improve teachers’ health exist, these have been
done in isolation as opposed to being part of dual-approach programs tackling learners and
educators’ health simultaneously (30). The encountered conditioned narrative around
educators’ health is in line with a study from a similar context in SA (31), where the authors
concluded that educators should be included as recipients of health-promoting programs
carried out in schools. Yet, a review from 2021 shows that interventions targeting teachers’
wellbeing are still scarce and more research is required (32). Furthermore, the suggested
increased acceptability following educators’ own intervention participation aligns with
previous research showing that training concentrating on the wellbeing of teachers
significantly increased their intention to implement school-based programs (33). Thus, in
addition to the personal benefits for teachers themselves, attending to teachers’ health and
wellbeing can have a positive impact on the success of interventions. Nevertheless, other
issues pertaining to the professional level were stated to have impacted their engagement
with the program.

Our findings on barriers to implementing school-based PA programs are consistent with those
frequently described in the literature, which include high workload, pressure to finalize the
curriculum, and reduced time dedicated to non-academic subjects (34-36). The limited subject
knowledge described in this study has also been reported as a hindering factor to delivering
PE, together with the need for continued professional development (CPD) to increase subject
competence and teaching confidence (37). Indeed, previous research has shown a good
acceptance of teacher training designed to incorporate PA into the classroom as well as an
improved teaching efficacy (35, 38). Strategies to increase PE teaching competencies become
particularly relevant in the South African context, given the limited training that LS/LO

teachers receive during their professional education. Stroebel and colleagues confirmed that
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a major challenge for delivering PE in South African schools was the absence of qualified PE
teachers. Hence, they advocate for collaboration between authorities and universities to offer
adequate PE-specific in-service training for LS/LO teachers (39). Given the previously exposed
barriers, it is imperative to establish schemes that provide support to teachers both in a
personal and professional capacity.

The second theme discovered in our analysis shifts the focus from the educators to the school.
The consensus that school accountability on academic performance pushes PE and
extracurricular activities to the background was coupled with a positive view of the program’s
holistic educational approach. Indeed, the multi-component nature of the KaziKidz toolkit that
integrates PA promotion, nutrition, and general education for healthier lifestyles has been
described as a characteristic of successful intervention programs (40). Yet, it was emphasized
that a supportive school environment is also needed to bring non-academic activities to the
foreground. Whole-school approaches are long recognized as a requirement for “Health
Promoting Schools” (41), whereby different strategies are put in place to promote health
beyond curricular education. Moreover, the KaziKidz intervention builds on recommendations
for school-based health promotion interventions in LMICs and reinforces individual behavioral
change activities with improvements in the structural environment (42). One example is the
provision of sports equipment. As reported by previous studies (43), we found that supplying
PA materials was valued, facilitated implementation by overcoming a limitation of resources,
and promoted motivation and movement among children. Nonetheless, many strategies to
address environmental factors exist, and these must be adapted to the specific setting.
Because schools have different agendas, priorities, needs, and values, one-size-fits-all
approaches to school-based health interventions might limit adoption. One study from the
United Kingdom aimed to increase the autonomy of teachers and found that presenting them
with a range of activities to choose from enhanced program adoption (44). However, the
reception of increased self-determination might differ between high-income countries and
LMICs. During the implementation of the HealthKick program in SA, the authors observed that
teachers appreciated a structured way of preparing and teaching classes (45). Thus, a better
approach to enhance program success in low-resourced schools in SA might be gathering
stakeholders’ input on how ready-to-use lessons can be implemented within the school

schedule (42).
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The last theme of this study concentrates on the importance of bringing new opportunities to
deprived communities, especially for children. Caregivers and educators valued the potential
of both PA and KaziKidz to positively influence children’s physical and psychosocial health and
wellbeing. Previous studies have suggested that school health programs can reduce health
inequalities in socioeconomically disadvantaged communities, as PA interventions showed
more beneficial results among children from low-income households (46). The program’s
capacity to impact the development and social skills of learners was also emphasized.
Concretely, better behavior and discipline, as well as the possibility to promote the inclusion
of intellectually challenged children were cited. These results align with one study that
reported good acceptability and improvement in social-emotional skills of an intervention
addressing fundamental motor skills and social and emotional development (47). However,
for the reported benefits to be sustained over time and translated into long-term
opportunities, learned behaviors need to be supported by the community.
Recommendations

Based on direct statements from the participants and identified underlying narratives, we
have compiled strategies aiming at increasing the acceptability, feasibility, adoption, and
maintenance of school-based health promotion interventions. Designing interventions that
are inclusive of educators’ wellbeing and providing them with capacity development could
best address personal and professional barriers to program engagement. Furthermore,
creating a sense of ownership among stakeholders could motivate the adaptation of the
program to the schools’ needs, thereby facilitating its integration. Similarly, involving learners
and caregivers through increased awareness could inspire change in the community. Box 1
describes the recommendations per thematic area and we discuss them in the following

paragraphs.

Box 1. Recommended strategies to increase uptake and maintenance of health promotion

interventions in schools.

Recommendations based on theme 1: Prioritizing educators’ health

Intervention approach inclusive School-based interventions aiming to improve learners’ health

of educators’ health should adopt a comprehensive approach, whereby part of the

program is specifically designed to attend to educators’ health

and wellbeing.
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External support and capacity An appropriate introduction to the intervention through
development workshops and demonstration of activities should be ensured
prior to implementation. In addition, strategies for capacity
development, such as in-service training or CPD credits, should

be offered in collaboration with higher education institutions.

Recommendations based on theme 2: Integrating the program into the school structure

Feeling of ownership and Project partners should focus on transmitting a sense of

belonging ownership and belonging to the schools through close
collaboration and adequate communication. To further
reinforce program ownership by schools, a committee or
champion responsible for the program and its implementation
could be organized.

Program adaptation to To best embed interventions into schools and avoid delivery

resources and needs barriers, school stakeholders should first reflect on the
characteristics of intervention and their available resources and
needs. Then, both the intervention and its implementation

should be adapted to fit the school requisites.

Recommendation based on theme 3: Creating opportunity in the community

Awareness raising and Future interventions should put in place effective
empowerment communication strategies aimed at raising awareness in the
community. A better understanding of the intervention values
and goals could empower caregivers and learners to take
ownership of the intervention and to adopt its message at

home.

Theme 1: Prioritizing educators’ needs

1. Intervention approach inclusive of educators’ health

School principals and educators’ stories were closely connected to their own participation in
the KaziHealth teachers’ health intervention, demonstrating a desire to position their
experiences at the forefront of the conversation. In our experience, considering and
addressing the individual needs of teachers substantially increased the acceptability of the

KaziKidz intervention. Thus, we recommend school-based health programs to adopt a
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comprehensive approach that broadens the program focus from a learner-centered to a
school-community perspective, prioritizing the health and wellbeing of both learners and
teachers. A recent systematic review of the mental health and wellbeing of school teachers
has highlighted the relevance of co-designing health-promoting programs with teachers for
teachers (48). To achieve this, it is crucial to include qualitative exploration of educators’ lived
experiences and desires, and to adopt a participatory approach to co-create inclusive
interventions (49).

2. External support and capacity development

The type of support received from the research team was found to influence school principals’
and educators’ attitudes toward the intervention and experience with its delivery.
Respondents from the schools that, besides the teaching materials, received either no
external support or had two workshops, reported a limited understanding of the program. In
contrast, the school that had additional support by a coach declared a more positive
experience. Nevertheless, shortcomings regarding implementation facilitation were pointed
out across all schools. Beyond good acceptability among teachers, it has been suggested that
a supportive environment is critical to provide quality PE effectively (35). Thus, our
recommendation to provide external support to kick-start the program together with
continuous capacity development is in line with suggestions from Hill and colleagues, which
seek to ensure that school-based health interventions are implemented as intended and
sustained over time (45).

Theme 2: Integrating the program into the school structure

3. Feeling of ownership and belonging

Participants conveyed an interest in the successful implementation of the program, but
frequently attributed the responsibility to external parties. A subset of educators from the
unsupported school reported feeling detached from the program due to a perceived
insufficient communication regarding their role and common goals. This indicates that close
support from external parties can foster a feeling of belonging that motivates educators’
active engagement. Moreover, it is equally important that schools take ownership of the
program to ensure meaningful and sustainable implementation. The implied delegation of
power suggests a need for greater emphasis on program ownership by schools. In line with
earlier studies and participants’ proposals, we advise for a person or group within the schools

to be appointed responsible for program coordination (34).
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4. Program adaptation to resources and needs

Our findings suggest that tailoring the intervention and its implementation to the unique
characteristics of each school could assist with program delivery and fidelity, and ultimately
improve effectiveness. For instance, one recurrent proposal was to allocate a specific time
period within the school schedule for KaziKidz; however, suggestions on how to incorporate
such periods varied between respondents. Therefore, initial collaboration with the schools is
essential to ensure that the program addresses real needs and its implementation is feasible.
Nevertheless, institutional support is still necessary for further adoption and maintenance. As
stated by Lambrinou and colleagues “intervention programs delivered in vulnerable groups
and/or low-socioeconomic areas should focus on school policy and environmental changes”
(page 17) (50). Hence, policy frameworks that address curriculum prioritization are needed to
facilitate structural changes that allow for health-promoting activities.

Theme 3: Creating opportunities in the community

5. Awareness raising and power claiming

Participants’ accounts suggest that having a clear understanding of the program values and
goals is essential not only for educators, but also to foster acceptance and adoption by
learners and caregivers. Educators believed that effective communication could raise
awareness among guardians and empower their engagement with the program. Indeed,
previous research has shown that involving students actively and giving them greater
autonomy to customize interventions creates a sense of accountability and program
ownership (42, 44). Similarly, a systematic review found that activities that sought to engage
caregivers directly, such as educational meetings, were more effective than indirect methods
(51). These findings are in line with the educators’ recommendations to involve caregivers in
the program both to encourage pupil participation and to translate the results to the home
context.

Limitations

The findings of this study provide valuable insights into the experiences of schools located in
low socioeconomic communities in the Nelson Mandela Bay Municipality. However, given the
subjectivity of the assessments made by particular participants and the sample size of this
study, no inference can be made about the lived experiences of participants from other
settings. While it can be hypothesized that limited training, curriculum pressures, and

environmental challenges are shared realities in this population, further investigation across
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different contexts is required to determine whether our findings are generalizable. A second
limitation of this study is the lack of implementation monitoring. As a result, it is not possible
to determine if some schools were more engaged with the program or if there were
differences in the frequency or delivery mode between schools. This limitation highlights the
need for further research into the relationship between intervention acceptability and
delivery in multiple settings. Furthermore, despite following standard data collection and
analysis procedures to remove bias, a remaining unconscious bias might still exist. For
instance, participants may have provided inaccurate responses due to social desirability bias,
recall bias, or others.

Conclusion

School-based interventions are important for children’s development in low-income
communities, but there are barriers that hinder their effective and continuous
implementation. School principals and educators placed their lived experiences at the
forefront of the narrative, highlighting the need for participatory approaches to understand
the needs of program deliverers and co-design culturally appropriate interventions. The
observed limited engagement from educators and caregivers emphasizes the relevance of
effective communication strategies that convey the program’s value to foster active
involvement and context-specific adoption. A comprehensive approach to school-based
interventions comprising health support, adequate training, and regular communication for
educators coupled with school-wide actions and community awareness can hold key
stakeholders accountable for program ownership, thereby increasing program uptake and

long-term maintenance.
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Chapter 8. Synthesis and discussion 8.1. Synthesis of main findings

Chapter 8. Synthesis and discussion

With the overarching objective of conducting a comprehensive evaluation of the KaziKidz health
promotion intervention during its sustainability phase, the next chapter presents and discusses in
detail the results of this PhD thesis. To that end, a synopsis of the primary findings from the
relevant publications is presented, aligning with the specific aims of this research project (section
2.2). Thereafter, the findings are interpreted by discussing the convergence of the individual
studies’ results. To conclude, the methodological strengths and limitations are highlighted,

followed by an exploration of far-reaching implications, and culminating in a final conclusion.
8.1. Synthesis of main findings
8.1.1. Risk identification: hypertension and physical activity

To begin with, the first two publications shed light on the variations among different blood pressure
and physical activity assessment methodologies and their association with cardiometabolic
markers in children, with the aim of determining the more suitable means to identify cardiovascular

risk in our study population of school-aged children from South Africa.

Publication 1 presents the prevalence and risk of elevated blood pressure in our study cohort, which
comprised 897 children (Mug = 10.4 years, SD = 1.2). After measuring blood pressure with an
automated oscillometric device, percentiles were calculated to categorise hypertension based on
four different standards: three international normative data representative of the United States,
Germany, and a global population, as well as a pseudo-normative reference derived from the own
study population. Notable differences were encountered across the standards, with hypertension
prevalence ranging from 11.4% when pseudo-normative data was applied to 28.8% based on
German guidelines. The American reference demonstrated the highest risk prediction of
hypertension stage 2 with increasing BMI (OR = 1.72, 95% CI = 1.43 to 2.07, p<.001), while the
lowest risk was observed for the pseudo-normative data (OR = 1.51, 95% CI = 1.18 to 1.92).
Additionally, both the American and global standards had significantly higher rates of isolated
systolic over diastolic hypertension (24.2% over 14.7% and 23.6% over 10.6%, respectively), a

phenomenon that was not observed with the German or own study references.
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Regarding physical activity measurement and its relationship to cardiovascular risk, publication 2
compared self-reports obtained from the PAQ-C with physical activity levels measured using the
ActiGraph wearable device in a study population of 586 children (Mdngg. = 10 years, 95% CI =
10.0 to 11.0). A significant yet weak correlation between the two instruments was observed for
PAQ-C scores and MVPA (p = 0.10, p = .015). Furthermore, diverse patterns emerged when
examining their association with various cardiometabolic markers, including BMI, blood pressure,
blood lipids, and blood glucose. While ActiGraph-measured MVPA showed an inverse association
with BMI (f =-0.03, 95% CI = -0.04 to -0.02, p<.001), sedentary behaviour associated positively
with total cholesterol (5 =0.001, 95% CI = 0.000 to 0.002, p = .018). Meanwhile, PAQ-C scores
were negatively associated with systolic blood pressure (f = -1.56, 95% CI = -2.93 to -2.00, p =
.025).

8.1.2. Intervention outcomes: efficacy and effectiveness

Publication 4 is divided into two parts. Initially, the study investigated the short-term effects of the
KaziKidz intervention on physical activity and cardiometabolic outcomes in a sample of 961
children participating in the KaziBantu RCT (Mdnag = 10.8 years, 95% CI = 10.71 to 10.92).
Schools were allocated to either the intervention group (N = 4) or the control group (N = 4).
Intervention effects were assessed in a total sample of 961 learners and separately for children with
different cardiovascular risk profiles, i.e. with and without risk factors for NCDs. Subsequently,
the sub-cohort of high-risk children was followed up to assess the long-term development of the
intervention effects two years’ post-intervention (N = 280). In the short-term analysis, the
intervention led to a significant increase in physical activity levels, specifically MVPA during
school hours among girls (not at-risk: f = 1.80, 95% CI =-0.22 to 3.82, p = .035; at-risk: 5 =2.03,
95% CI =0.58 to 3.42, p<.001). However, no significant effect was observed for total MVPA or
BMLI. In addition, the intervention significantly reduced mean arterial pressure for all children (not
at-risk: f=-1.77, 95% CI = -3.14 to -0.70, p = .004; at-risk: f =-2.16, 95% CI =-4.20 to -0.06, p
=.008), while positive effects on blood glucose and lipids were found only among healthy children
(HbAlc: p=-0.26, 95% CI=-0.52 to -0.01, p=.037; TC to HDL ratio: f=-0.11, 95% CI=-0.18
to -0.05, p = .002). Two years after the intervention ended, the achieved effects had declined and

the general cardiovascular profile of at-risk children worsened, although non-significant changes
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were observed except for blood pressure, which exhibited a significant increase of medium size

between post-intervention and follow-up (z =-5.18, p<.001, » = 0.42).
8.1.3. Implementation outcomes: acceptability and perceived feasibility

The findings of the nested qualitative study are reported in publication 5. At the two-year
intervention assessment, school personnel and caregivers were recruited purposively from the RCT
intervention schools. Semi-structured interviews were conducted with the four school principals,
while focus group interviews were separately carried out with 16 teachers and 16 caregivers to
gain insights on their lived experiences with the programme. As a result, three main themes were
identified. Firstly, school staff highlighted the importance of addressing educators’ personal and
professional needs as a priority to foster their involvement in the programme. Secondly,
incorporating the programme into the school structure was found to support programme delivery
and sustainability. Thirdly, respondents emphasised the significance of extending the programme’s
reach beyond the school to generate a positive impact on the wider community. Based on the key
themes identified, recommendations were proposed to improve the uptake, delivery, and
maintenance of the intervention. These recommendations included adopting an approach that
considers educators’ health, providing them with continuous capacity development, fostering a
sense of ownership among stakeholders, adapting the programme to each school’s resources, and

raising awareness in the community.
8.2. Discussion
8.2.1. Intervention efficacy and cardiovascular risk

This thesis has provided valuable insights into measuring, identifying, and comprehending the
relationship between cardiovascular risk factors and physical activity among school-aged children
in South Africa. It has further shed light on the effects of a comprehensive intervention aimed at
promoting physical activity and enhancing health in schools from economically disadvantaged
areas of the country. This research offers a better understanding of the complex interplay between
physical activity, cardiovascular health, and the potential benefits of school-based interventions in

low-income settings.
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In-school accelerometer-measured MVPA

The findings presented in publication 4 demonstrate the efficacy of the KaziKidz intervention in
increasing MVPA during school hours among children whose initial levels of physical activity did
not meet the recommendations. Interestingly, a noteworthy sex-dependent relationship emerged,
wherein the intervention's positive effect on school MVPA was observed exclusively among girls
regardless of their baseline activity levels, while no significant impact was observed among boys.
This sex-specific response to school-based interventions contrasts with the current literature,
which generally does not indicate differential effects on physical activity levels contingent upon
sex or gender (Love et al., 2019; Schulze et al., 2020). Nevertheless, evidence is limited and some
authors have reported greater benefits among girls (van Sluijs et al., 2021), while others have
described an opposed, positive pattern for boys (Hartwig et al., 2021; Neil-Sztramko et al., 2021).
A systematic review investigating the impact of mixed-sex school-based intervention on
adolescent girls’ physical activity found a very small positive effect, attributed to the influence of
complex social and cultural norms (Owen et al., 2017). Consequently, it has been acknowledged
that pathways to increase physical activity are likely to differ between boys and girls (Telford et
al., 2016).

Notably, the sharp decline in physical activity during adolescence coincides with the peak of
interaction of gender ideology with social influences (Bailey R, 2004). During this critical period,
when children are exposed to gender norms around activities deemed suitable for boys versus girls,
failing to adapt the types of sports offered in schools can erode enjoyment and body confidence,
ultimately shaping attitudes and behaviours towards physical activity. Research has shown that
girls often perceive lower sporting ability and a reduced enjoyment in physical activity and
physical education than boys, resulting from traditional gender stereotypes and practices (Cairney
et al., 2012; Carcamo et al., 2020; Sport England, 2019). A narrow physical education curriculum
with limited flexibility to cater to gender differences and dominated by competitive sports games
has been identified as a discouraging factor for girls' participation (Bailey R, 2004; Owen et al.,
2017). Conversely, adolescent girls seem to favour individual and creative activities, as
exemplified by dance being a preferred activity among South African girls (Kinsman et al., 2015).
Thus, KaziKidz’s holistic design and emphasis on games and enjoyment appears to offer an

inclusive and culturally appropriate approach that addresses the specific needs of girls at school.
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Still, girls” engagement in physical activity is influenced by numerous socio-ecological factors at
the individual, community, and environment levels, with inadequate support from peers, family,
and teachers being a prominent barrier (Duffey et al., 2021; Telford et al., 2016). This influence is
especially prevalent in South Africa, where cultural ideals and community perceptions have been
reported to deter healthy behaviours among women (Draper et al., 2016). Specifically, beliefs
about body image, which start forming during adolescence, tend to encourage girls to conform to
an ideal that promotes overweight rather than thinness, associating the latter to poverty and
sickness (Kinsman et al., 2015; Puoane et al., 2010). In such contexts, schools become particularly
relevant, necessitating measures to ensure equitable access to activities while creating an inclusive

environment that reshapes gender norms around health and physical activity participation.

Accelerometer-measured MVPA and adiposity

The significance of both the KaziKidz intervention and the observed increase in MVPA must
however be examined within the context of their public health implications for enhancing

children's overall health.

Owing to the correlation between accelerometer-measured MVPA and BMI established in
publication 2, a decrease in BMI might have been expected with rising levels of MVPA. In
contrast, findings from publication 4 revealed no significant BMI changes as a result of the
intervention. This discrepancy contrasts with the current body of evidence, which generally
reflects modest but promising outcomes from school-based physical activity promotion initiatives
in reducing BMI among children (Nally et al., 2021; Neil-Sztramko et al., 2021; Yuksel et al.,
2020). Studies from South Africa have corroborated the positive influence of school-based
physical activity promotion on body composition (Long et al., 2022; Miiller et al., 2019a;
Ngweniso et al., 2021a). Yet, conflicting results exist. A systematic review investigating the
effectiveness of school-based programmes on weight modification in the African context revealed
that around half of the interventions achieved significant effects, whereas most of the successful

programmes specifically targeted overweight children (Adom et al., 2019).

Against this background, our results are further surprising considering that the intervention
successfully raised MVPA levels among girls, a group that initially exhibited notably higher BMI
levels, thus presenting a greater potential for change. However, the intervention did not seem to

influence girls” BMI either (control: MD = 0.16; intervention: MD = 0.21). Sex has been identified
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as a moderator in the efficacy of health-enhancing school interventions for reducing adiposity
markers, with girls experiencing more pronounced benefits. For example, the HEIA study in
Norway and the Kazidfya study in South Africa both documented improvements in body
composition among girls, but not among boys (Grydeland et al., 2014; Long et al., 2022). Gerber
et al. (2022) further confirm the importance of promoting physical activity in curbing overweight
among South African girls, as lower MVPA increased the likelihood of adiposity, and girls faced

an increased risk of being categorised as overweight and physically inactive.

It is possible however that potential changes in body composition might have been missed by the
use of BMI as a surrogate measure of adiposity. Notwithstanding its endorsement by the WHO,
research indicates that BMI lack suitability to detect body fatness due to its incapability to discern
between weight variations from fat, lean muscle, or bone mass, specifically in childhood, contexts
of weight loss with and without physical training, and among racial groups (Javed et al., 2014;
Prentice & Jebb, 2001). Noteworthy are two interventional studies conducted in South Africa,
which documented enhancements in body fat percentage, fat mass, and truncal fat mass but
observed no significant changes in BMI (Monyeki et al., 2012; Nqweniso et al., 2021a). In contrast,
in their systematic review, Yuksel et al. (2020) concluded that the impact of physical activity
interventions on BMI was more pronounced compared to that on body fat percentage. It is worth
highlighting that the absence of contributions from African studies to this observation underscores
the possibility that distinct metrics possess varying capabilities to detect fluctuations in body

fatness across settings.

Alternatively, the distinction between in-school and total MVPA may be considered to elucidate
the absence of significant effects on BMI observed in this thesis. Importantly, the correlation
between MVPA and BMI reported in publication 2 was established specifically for total MVPA.
Interestingly, the achieved increase in MVPA levels among girls during school hours did not
translate into extended MVPA engagement throughout the day. In other words, the intervention
succeeded in fostering movement within the school environment, but did not prompt more active
behaviours beyond school premises. The attenuation of positive effects at school when assessing
overall activity across the day has been previously described, although contrary to our findings,
these studies concurrently reported modest yet significant improvements in total MVPA (Jones et

al., 2020; Kriemler et al., 2010; Metcalf et al., 2012). Cross-sectional investigations have also
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demonstrated that elevating school-time MVPA can enhance daily MVPA, highlighting the
potential of the school setting to influence children’s physical activity levels (Kristiansen et al.,

2021; Long et al., 2013; Nigg, 2022).

Furthermore, the lack of impact on total MVPA implies that the observed surge in school-time
MVPA fell short of significantly contributing to the recommended minimum of 60 minutes per
day at such intensities. In the intervention arm, both girls and boys accumulated four more minutes
of in-school MVPA after the intervention compared to baseline (from 15 and 21 minutes to 19 and
25 minutes, respectively). This change resulted in a 6% rise in school-time MVPA contribution to
the 60-minutes recommendation and a total contribution of 31% for girls and 41% for boys. The
post-intervention in-school MVPA levels in the KaziKidz study align with the findings of Walter
(2011) for similarly disadvantaged South African schools, where MVPA in school accounted for
37% for girls and 46% for boys of the daily 60 minutes of MVPA.

In sub-Saharan Africa and South Africa, children from lower socioeconomic strata are more bound
to informal activities of lower intensity, such as house chores, than children from higher-income
families (Hanson et al., 2019; Muthuri et al., 2014; Zimu et al., 2020). This trend is particularly
prominent among girls. Studies from Nigeria and South Africa have found that adolescent boys
spent significantly more time in informal, leisure-time physical activities and sports, whereas girls’
activity tended to be of lower intensity and predominantly within the school and home settings
(Hanson et al., 2019; Oyeyemi et al., 2016). As a result, girls from low-income communities
heavily rely on their time at school to fulfil the recommended activity levels for their age. Thus,
given that duration of MVPA has a stronger inverse relationship with adiposity among girls than
boys (Miatke et al., 2021), longer time devoted to activities of moderate-to-vigorous intensity at
school might be necessary to achieve noteworthy daily activity changes that in turn lead to relevant

reductions in adiposity levels.

Self-reported physical activity and blood pressure

Nevertheless, publication 4 revealed beneficial effects on other cardiometabolic parameters.
Concretely, the KaziKidz programme resulted in improved mean arterial pressure in children,
irrespective of their initial hypertension risk status. Analogous to previous studies (Garcia-
Hermoso et al., 2020), mean arterial pressure, serving as a comprehensive indicator of both systolic

and diastolic blood pressure, was preferred for its higher validity over systolic blood pressure in
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representing cardiometabolic risk in children (Martinez-Vizcaino et al., 2010; Villa et al., 2015).
Nonetheless, a more detailed examination of systolic and diastolic blood pressure independently
revealed a positive intervention impact on the former, both for children not at-risk (8 =-4.21, 95%
CI=-6.00 to -2.57, p<0.001) and at-risk (f = -6.21, 95% CI = -8.67 to -3.13, p<0.001), while no
such effect was evident for the latter (not at-risk: f = -0.64, 95% CI = -2.11 to 0.58, p=0.333; at-
risk: f=-0.08, 95% CI =-2.22 to 2.08, p=0.915).

In line with the observed programme outcomes, publication 2 identified a significant inverse
relationship between self-reported physical activity and systolic blood pressure, but not diastolic
blood pressure. Furthermore, a significant correlation was observed between PAQ-C scores and
accelerometer-measured MVPA, with no association identified to light physical activity or
sedentary time. This distinct correlation pattern aligns with earlier research (Marasso et al., 2021)
and could be interpreted as the questionnaire’s ability to reflect higher-intensity activities as
opposed to overall physical activity levels. Indeed, the PAQ-C concentrates on rather organised
activities, namely sports, dance, and play games, which tend to be more memorable for children
and hence more accurately reported than sporadic bouts of activity characteristic of their age
(Biddle et al., 2011). Conversely, the accelerometer's capabilities extend to capturing prolonged
high-intensity activities as well as the shorter bursts of energy, smoothing the impact of longer,
structured activities on the total activity volume (Aibar et al., 2014). It is therefore possible that
the intervention might have increased the time dedicated to games and sports, activities that could
have been better captured by PAQ-C, further explaining the effect seen on MVPA during school
hours but not on total MVPA. In light of the extensive body of evidence supporting the benefits of
physical activity on blood pressure in young individuals (Bull et al., 2020; Wellman et al., 2020),
it is reasonable to infer that the enhanced activity levels in turn contributed to the decrease in

children’s mean arterial and systolic pressure.

Building on this supposition, it is also conceivable that these activities were, to some extent, of
lighter intensity. Yet, it is worth considering that children, especially those with lower physical
fitness, might have subjectively perceived these activities as strenuous, even if the defined
accelerometer cut points for MVPA did not categorise them as such. Despite studies showing a
dose-response relationship between physical activity and health benefits (Sriram et al., 2021),

Weres et al. (2022) demonstrated that lighter forms of activity also protect against hypertension in
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children. Additionally, a recent analysis involving 8,002 children and adolescents established that
augmenting physical activity among children with initial lower aerobic fitness and as assessed via
the PAQ, conferred greater advantages compared to their more fit counterparts (Nevill et al., 2020).
The reduced physical fitness (Smith et al., 2020) and its association with clustered cardiovascular
risk (Miiller et al., 2020; Ngweniso et al., 2020) and hypertension (Joubert et al., 2021) has been
documented in a population akin to that engaged in the KaziKidz programme. Thus, the premise
here is that the intervention’s potential to elevate activity levels, even at lower intensities and
particularly among children with limited fitness, could have triggered a favourable response

conducive to the reduction of blood pressure.

Sedentary behaviour and cholesterol

Furthermore, the intervention impacted the TC to HDL ratio levels of children, which might be
explained by the significant association of accelerometer-measured sedentary behaviour with total
cholesterol noted in publication 2. Previous cross-sectional and longitudinal studies in children
and adolescents have outlined the link between sedentariness and elevated serum cholesterol
independent of physical activity (Tremblay et al., 2011; Viisto et al., 2014). It is hence plausible
that KaziKidz led to a decrease in sedentary time, which resulted in improved cholesterol levels
among children without dyslipidaemia. Although possible, the veracity of this hypothesis remains
uncertain, owing to the inconclusive evidence on the efficacy of school-based health-promoting
interventions in curtailing sedentary behaviours (Hegarty et al., 2016; Jones et al., 2020; Nally et
al., 2021; Santos et al., 2023; Yuksel et al., 2020).

Simultaneously, the well-established association of sedentary behaviours with adiposity and
clustered cardiovascular risk in children globally and in South Africa might explain the lessened
decline in TC to HDL ratio among children in the intervention group with increased baseline risk
(Bull et al., 2020; Gerber et al., 2022; Joubert et al., 2021; Tremblay et al., 2011). It can be posited
that children with initially compromised cardiovascular profiles might have been inclined towards
more sedentary lifestyles, and that this behaviour proved challenging to change through the
intervention. This assumption gains support from the fact that girls in the study exhibited
significantly higher levels of both TC to HDL ratio and sedentary time compared to boys. Aligning
with the aforementioned attenuation of physical activity throughout the day and echoing the

concept of "compensatory behaviour" introduced by Jones et al. (2020), girls might have offset
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increased activity during school hours with additional sitting time beyond school. This could

clarify why initially elevated cholesterol levels persisted compared to healthier peers.

Nutrition and glycaemia

Besides the hitherto emphasis on physical activity, a point of interest of the KaziKidz intervention
pertains to its holistic approach encompassing nutrition, hygiene, and overall health education in
addition to movement and physical literacy. This integrative design implies that the observed
betterment in cardiometabolic parameters may stem from factors beyond mere changes in physical
activity. Hence, an increased health awareness and behavioural shifts, particularly improvements
in dietary habits, could have contributed to the positive intervention outcomes reported in

publication 4.

Notably, publication 2 did not establish a substantial correlation between blood glucose and
physical activity domains, aligning with the conclusions of Nqweniso et al. (2021b) for a similar
South African child cohort. Therefore, the potential influence of an enriched nutrition regimen,
specifically the reduction of excessive dietary sugar intake and its associated risk for diabetes
(Huang et al., 2023; Ooi et al., 2022), emerges as a plausible explanation for the noted
improvement in HbAlc levels. Remarkably, South African youth exhibit alarmingly high dietary
sugar consumption levels (Della Corte et al., 2021; Shisana et al., 2013), well surpassing the
recommended limit of 10% of daily energy intake for children and adolescents (World Health
Organization, 2015). Consequently, the intervention's potential to instil dietary improvements and
reduce blood glucose among children with normative levels at baseline assumes importance.
Nonetheless, akin to sedentary behaviours, the implementation of such lifestyle adjustments by
high-risk children could have faced challenges, resulting in no apparent amelioration of their

elevated plasma sugar levels.

Unfortunately, evidence concerning the impact of health-promoting and nutrition-related
interventions on metabolic markers is scarce. Particularly in sub-Saharan Africa, research in this
realm has primarily focused on anthropometric outcomes and micronutrient deficiencies as a
strategy to tackle the coexistence of under- and over-nutrition in the region (Gerber et al., 2020;
Kyere et al., 2020; Mbogori et al., 2020). Moreover, deciphering the specific impact of individual

components within comprehensive interventions like KaziKidz poses complexity. As a result, the
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causes leading to a decreased blood glucose in our study population remain speculative and

warrant further exploration.

Definition of cardiovascular risk

Nevertheless, in the assessment of an intervention’s efficacy, the attained changes in the desired
outcomes must be considered in light of their clinical significance. In turn, establishing clinical
significance is contingent on both the availability of a concrete, evidence-based definition and the
reliable measurement of the outcomes of interest. However, the introduction has unveiled the
existence of numerous definitions for single risk factors of NCDs in childhood. Moreover,
increased risk is determined by specific thresholds, which not only vary for individual parameters
but are often extrapolated from adult risk and particular population groups, introducing uncertainty
to their applicability in diverse paediatric contexts. For instance, the American Diabetes
Association (2020) widely accepted diagnostic criteria for diabetes have their origins in
epidemiological studies in adults. Meanwhile, the relevance of these definitions in children
remains ambiguous (Arslanian et al., 2018). Furthermore, these diabetes guidelines acknowledge
disparities in HbA 1c levels among racial and ethnic groups, casting doubt on the appropriateness
of universal cut points across cultural contexts. Similar debates span other risk factors. For
example, and supporting the above presented hypothesis regarding adiposity metrics, Agbo et al.
(2020) have recently emphasised the limited utility of BMI in assessing abdominal obesity in sub-
Saharan Africa, proposing abdominal height as a more adept indicator of cardiometabolic risk
among adults. Therefore, the intricacy of defining real risk in children and across settings becomes
more challenging due to the diversity of available assessment methods and the lack of

standardisation in their application.

This complexity is epitomised in publication 1 and 2, which explored blood pressure and physical
activity in South African children, exposing divergent results when different tools and thresholds
were employed. Specifically, publication 1 highlights challenges associated with identifying
hypertension in this population and advocates for the development of accurate, representative,
regional standards. This call to action is mirrored in a critical review by Reisinger et al. (2021)
discussing the discrepancies and clinical relevance of different metabolic syndrome definitions in
children — a concept that represents the clustering of cardiometabolic risk factors. To mitigate

misrepresentation of cardiovascular risk, the authors recommend definitions that are tailored to
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race and ethnicity or geographical regions. Along these lines, Kruger et al. (2023) and Minja et al.
(2022) explored the gaps and priorities pertaining to cardiovascular disease in Africa, underscoring
the need for further research to develop region-specific nomograms and thresholds and so, to
improve the accuracy of disease burden data and guide interventions in the region. Hence, this
thesis argues that without robust measurements of risk factors for NCDs in the target populations,
informed decisions on their optimal levels required for curbing cardiovascular risk remain elusive.
Until then, the evaluation of the real impact of health promotion interventions and their

optimisation to improve population health will be constrained.
8.2.2. Acceptability, perceived feasibility, and intervention efficacy

The impact of any public health intervention is not solely determined by its efficacy, as explored
in publication 4, but also by its uptake, delivery, and integration within the specific targeted setting
(Glasgow, 1999). Given that these complex interventions are deployed in real-world scenarios,
complementary assessments are needed to better understand the implementation process (Proctor
et al., 2011). It is important to recognise that limited intervention results may not arise from its
inherent ineffectiveness, that is intervention failure, but rather from its poor application, referred
to as implementation failure (Naylor et al., 2015; Proctor et al., 2011). This perspective is
underscored by emerging research indicating that an inadequate execution of evidence-based
school programmes is common across settings and a major barrier to their overall success (McKay
et al., 2019; Moir, 2018). Nevertheless, a recent systematic review indicated that even with
optimised implementation processes and intervention fidelity, school-based interventions still
yielded small and varied effects on health outcomes (Wolfenden et al., 2022). Hence, it is
imperative to examine the intervention’s efficacy in the context of its real-world implementation

to enable the differentiation and optimisation of both the intervention itself and its implementation.

Lived experiences with implementation strategies

By delving into the acceptability and perceived feasibility of the KaziKidz programme among
school stakeholders, this thesis has gained a deeper understanding of the contextual factors that
influence its adoption, implementation, and ultimately efficacy in under-resourced primary schools

in South Africa, as elucidated in publication 5.
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Notably, the narratives of teachers were strongly shaped by their own lived experiences,
underscoring the consideration of their individual needs. Besides the overarching challenges
pertaining to the South African educational system, schools in historically disadvantaged
communities grapple with additional hurdles stemming from their unique environment.
Predominant difficulties faced by these schools include insufficient funds, inadequate facilities and
equipment, overcrowded classrooms, discipline issues among learners, unsafe learning
environments, teacher shortages, poor professional training, and high stress levels and
demotivation among educators (Amnesty International, 2020; Motseke, 2005; Peltzer et al., 2009;
Zulu et al., 2019). Although the presence of such barriers was corroborated in the context of this
study, educators exhibited a readiness to overcome them in support of the KaziKidz programme,

driven by the perceived value it held for children in these communities.

However, teachers’ perceptions of the intervention varied depending on the specific
implementation strategy their respective schools participated in, namely whether they received
additional support and, if so, the nature thereof. Educators from the school who benefited from
workshops and a physical education coach described a largely positive experience. In contrast,
teachers who exclusively partook in workshops reported a limited involvement and stated the need
for a facilitator’s presence. Meanwhile, educators from the cohort that solely received the KaziKidz
teaching material expressed a similar sense of disengagement attributed to a lack of ownership and
insufficient interaction with the research team. These divergent experiences parallel prior findings
concerning the professional development of teachers in LMICs. A study found that initial in-
person training coupled with mentoring and subsequent follow-up visits were the most successful
characteristics of in-service teacher training (Popova et al., 2022). In South Africa, educators
participating in upskilling training have recounted a sentiment of being “workshopped” rather than
acquiring ownership of their own teaching (Dixon et al., 2014). In alignment with the conclusions
drawn in publication 5, Kahts-Kramer et al. (2022) contend that a collaborative approach to
professional development holds the potential to assist South African generalist teachers in

surmounting both individual and systemic obstacles to physical education delivery.

Impact on intervention implementation

Owing to the disparity in educators’ narratives regarding their experiences with KaziKidz, it is

probable that intervention implementation varied across schools in terms of dose and fidelity.
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While speculative, schools with limited or no external assistance might have failed to deliver the
intervention as intended, possibly leading to suboptimal attainment of desired health outcomes.
Consequently, the overall intervention efficacy observed in publication 4 could be influenced by
weaker outcomes in these schools, thereby attenuating the more substantial effects achieved in

others.

In line with this notion, Dolley et al. (2023a) examined the four different implementation strategies
of the KaziKidz intervention separately, and their findings are supportive of this proposition. Their
study revealed that while the toolkit alone showed marginal to no improvements on children’s risk
factors for NCDs, supplementation with workshops or a dedicated coach had a positive impact on
MVPA levels and cardiometabolic parameters, respectively. Interestingly, Dolley’s research and
our own demonstrated that the most favourable outcomes alongside enhanced acceptability and
feasibility were associated with the school that received support from both the workshops and the
coach. This observation aligns with the review by Wolfenden et al. (2022), which reported that the
most common implementation strategies for school-based programmes encompassed educational
materials, meetings, and outreach visits. However, when evaluating the individual efficacy of
different implementation strategies of health promotion programmes in schools, Darlington et al.

(2018) found that including staff training did not enable implementation.

In conclusion, it is reasonable to argue that if implementation strategies are optimised and
uniformly applied, that is, if all schools receive external support in the form of collaborative
workshops coupled with an initial mentorship from coaches, the KaziKidz intervention might result

in even more favourable health outcomes among children.

Impact on intervention effects

Moreover, insights from educators and guardians of children substantiate the observed effects of
increased physical activity time during school hours, but not throughout the week. On the one
hand, caregivers confirmed the importance of academics over other pursuits in the home setting,
while all respondents agreed that safety issues and inadequate infrastructure are major
impediments to the practice of physical activity in the community, especially for girls. This echoes
previous documentation that parental concerns about safety and focus on educational endeavours
hinder the participation of South African adolescent girls in sports and physical activities during

leisure time (Kinsman et al., 2015). Similarly, South Africa’s Healthy Active Kids Report Card
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2022 identified deficiencies in community and environmental support for physical activity,
particularly in organised sports, highlighting an exacerbated risk for girls and children from low-
income areas (Naidoo et al., 2022). On the other hand, children’s guardians exhibited a generalised
moderate awareness about the KaziKidz programme, which diminishes the likelihood of parental
support for healthier behaviours outside of school. Consistent with earlier research (Wang et al.,
2022), time constraints emerged as a barrier to parental engagement both with the programme and
the children’s extracurricular activities. Additionally, family responsibilities and cultural roles
likely further influenced attitudes and priorities towards physical activity. For instance, Muthuri et
al. (2016) described a different likelihood of South African children meeting physical activity
recommendations depending on parental education. Still, caregivers showed an interest in
becoming more involved with the programme and supporting children’s participation. Whether
this willingness translates into concrete action remains unclear, given the challenges inherent in

ensuring parental involvement in school-based physical activity interventions (Naylor et al., 2015).

Despite caregivers’ limited familiarity with and involvement in KaziKidz, instances of the
programme’s positive impact on children’s health awareness were cited, although predominantly
related to nutrition. The remarkable association of the intervention with nutrition supports the
premise that KaziKidz’s holistic approach might have prompted improvements in children’s diets
and, ultimately, the cardiometabolic parameters established in publication 4. Nonetheless, the
potential shifts in dietary habits are likely to be modest, given respondents’ reports of the
unaffordability of nutritious foods, a widespread issue in both LMICs and South Africa (Miller et
al.,2016; Vermeulen et al., 2023). In the latter, a school-based intervention demonstrated improved
parental awareness of healthy behaviours, encouraging healthier food choices in their children
(Nyawose & Naidoo, 2016). In this context, the reduced consumption of sugary beverages and
unhealthy snacks, potentially leading to decreases in blood sugar, cholesterol, and blood pressure

levels becomes plausible.

The realities exposed through the accounts of participants serve to reinforce our affirmation that
children in general and girls in particular lean on educational institutions to acquire and engage in
healthy, active lifestyles. School-based interventions hence remain an effective approach to instil

healthy habits from a young age, especially in resource-scarce communities. Still, optimisation of
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their implementation and an active role of key stakeholders is imperative to maximise intervention

effectiveness and propagate healthier behaviours beyond the school setting.
8.2.3. Intervention continuity and effectiveness

Akin to optimising the implementation process to maximise an interventions’ efficacy, ensuring
intervention continuity is essential for sustaining long-term outcomes, henceforth referred to as
effectiveness. This thesis has gained valuable insights into the development of intervention effects
over time in children enrolled in the KaziKidz programme, particularly those at increased risk for

NCDs.

Impact of the COVID-19 pandemic

The continuity of KaziKidz at the schools, and consequently its assessment, were hindered by the
outbreak of the COVID-19 pandemic in March 2020. South Africa’s response to the pandemic
involved a total of four months of school closures in 2020, followed by a phased return with
schools operating at 50% capacity (Spaull & Van der Berg, 2020). The reopening introduced a
modified curriculum and social distancing measures, restricting non-essential activities and those
that entailed close contact, including physical education (Ramrathan, 2021). This exceptional

circumstance persisted until the assessments conducted for this thesis in October 2021.

While the global impact of the COVID-19 pandemic has been profound, LMICs have been
disproportionally affected (Mabhler et al., 2022). For children in these settings, the disruption of
schooling carried significant implications owing to the unequal access to remote learning and
negative effects on school attendance (Zar et al., 2020). In South Africa, a higher percentage of
young children did not return to school in 2020 compared to the previous year (Statistics South
Africa, 2021), jeopardising their futures and, according to our previous observations, their ability

to engage in physical activities and adopt health-promoting behaviours.

Research has indeed highlighted the detrimental consequences of the pandemic and lockdown
measures on children’s physical activity and health. Notably, Cena et al. (2021) reported excessive
weight gain related to altered eating patterns, reduced physical activity levels, and increased
sedentary behaviours worldwide. Abbas et al. (2023) described the adverse physical and mental
health consequences of decreased physical activity, heightened screen time, and social isolation.

These trends align with the unfavourable cardiovascular development noted in publication 4
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among high-risk children, including lowered total MVPA and elevated mean arterial pressure,
adiposity, blood glucose, and cholesterol. Nevertheless, these changes were generally of small
effect size. Interestingly, a multi-country study indicated that the impact of the COVID-19
pandemic on physical activity and sedentary time was relatively less marked for children in LMICs

compared to those in HICs (Okely et al., 2021).

The dearth of evidence from Africa hampers a comprehensive understanding of the pandemic’s
and containment measures’ impact on physical activity and health of children in the region,
especially those living in socioeconomically disadvantaged areas (Rossi et al., 2021; United
Nations Children's Fund (UNICEF), 2021). However, the documented effects on South African
children in these contexts primarily relate to issues such as malnutrition, psychological distress, or
learning setbacks (Spaull & Van der Berg, 2020). Therefore, factors beyond the COVID-19

pandemic likely contributed to the observed decline in health markers in our study population.

Particularly, the observed trajectory of physical activity, anthropometric measures, and clinical
outcomes is in line with established maturation trends in this age group. Blood pressure, for
example, typically rises with age, reaching adult levels during adolescence (Azegami et al., 2021;
Cassimos et al., 1977; "The Fourth Report on the Diagnosis, Evaluation, and Treatment of High
Blood Pressure in Children and Adolescents," 2004). Similarly, transient physiological elevations
in HbAlc (Kelsey et al., 2021) and total cholesterol (Hickman et al., 1998) accompany sexual
maturation. Furthermore, BMI increases (Cleland et al., 2022; Matsumoto et al., 2021) as well as

reduced physical activity levels (Marques et al., 2020) are also common during puberty.

Maintenance of KaziKidz

Publication 4 further revealed that participation in KaziKidz seemingly did not counteract the
worsening of cardiovascular health indicators over time. This lack of attenuation can be attributed
to both the interruption of the intervention due to school closures and the documented challenges
in maintaining positive intervention effects long-term. Although less extensive than for efficacy
studies, the body of evidence regarding the effectiveness of school-based interventions points to
declining benefits over time (Meyer et al., 2014; Nguyen et al., 2016). It is noteworthy however
that this decrease is consistently associated with programme discontinuation, which in turn derives
from intervention completion and the cessation of external funding (Herlitz et al., 2020; Tarp et

al., 2018).
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Along these lines, the sustainability of KaziKidz in the participating schools under normal
circumstances remains uncertain. In their systematic review, Herlitz et al. (2020) concluded that
upskilling and retaining motivated school leaders and staff is pivotal for maintaining health
promotion interventions. Against this background, it is likely that teachers’ disengagement, lack
of motivation, and frequent turnover described in publication 5 had resulted in a gradual decline
in programme implementation and, arguably, its eventual discontinuation. Indeed, Kahts-Kramer
and Wood (2023) noted that predefined professional development training does not result in
sustainable improvements in physical education teaching in disadvantaged South African schools.
In line with this, Cook et al. (2019) posit that collaborative professional learning should include
continuous training, ongoing consultation, and regular reminders to implementers as effective and
necessary strategies to sustain school-based practices. Shoesmith et al. (2021) have also reiterated
the importance of continuous communication between schools and project partners to foster
programme maintenance. Hence, the reliance on external support and insufficient interaction with

the research team identified in the reports from school personnel further support our assumption.

Importantly, Shoesmith et al. (2021) also point to the lack of executive support to integrate
interventions within the school as a key obstacle to programme sustainment. Therefore, the authors
advocate not only for staff engagement but also administrative involvement. Accordingly, the
prospect of resuming KaziKidz activities post-pandemic presents uncertainties, as it would depend
on schools taking autonomous initiative. However, the detected absence of programme ownership
and executive management further undermine the feasibility of this event. Ultimately, it is
reasonable to argue that the programme endorsement needed by the school administration should
be elevated to higher levels of authority to facilitate the institutionalisation and continuity of

school-based interventions.

These findings endorse the notion that continuous professional learning should actively encourage
programme ownership among school staff and be accompanied by a sustainable support system
both within the school (executive management commitment) and externally (regular coaching,
policy actions). These measures would contribute to foster the sustainability of interventions and

their effects in under-resourced schools in South Africa.
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8.3. Strengths and limitations

The main strength of this thesis lies in the combination of multiple study designs to
comprehensively understand the impact and implementation of the KaziKidz intervention in real-
world contexts. The quantitative assessments delved into the associations between physical
activity constructs and cardiometabolic parameters among South African school-aged children.
Considering the discord between device-measured and self-reported physical activity (Marasso et
al., 2021), a nuanced relationship was unveiled, which allowed for a more thorough interpretation
of the intervention’s effects on NCD risk factors. In turn, this newfound understanding revealed
valuable insights for targeted interventions to influence children’s behaviours and cardiovascular
health in these settings. Simultaneously, the qualitative evaluation encompassed the lived
experiences of diverse KaziKidz stakeholders. Their reported acceptability and perceived
feasibility helped contextualise the observed health outcomes. In that regard, one of the
achievements of this thesis was engaging caregivers in the discussions despite challenges with
their involvement in these communities (de Villiers et al., 2015). Moreover, the convergence of
these disparate outcomes leverages established methodologies, specifically a mixed-methods
design (Creswell & Plano Clark, 2017) and the RE-AIM framework from implementation science
(Glasgow, 1999). The quantitative RE-AIM evaluation, as outlined in the protocol, has been
developed in this thesis to integrate the mixed-methods approach within the framework (Glasgow
et al., 2019). By expanding the efficacy and effectiveness assessment to account for contextual
interactions, the complexity of the intervention could be better grasped (Draper et al., 2023;
Skivington et al., 2021). The questions included in this thesis were deemed pivotal for the
intervention’s trajectory, while contributing further to the emerging field of implementation

science, especially within the physical activity domain.

Another important strength of this thesis is its longitudinal design spanning nearly three years.
Throughout this period, children partook in the KaziKidz intervention, likely underwent sexual
maturation, and experienced significant disturbances to their daily routines due to the COVID-19
pandemic. Consequently, the evaluation of the intervention captured critical events in children’s
lives under real-world circumstances, hence presenting a realistic portrayal of the challenges and
opportunities for promoting healthy lifestyles among school-aged children from disadvantaged

communities in South Africa. Along these lines, a further strength of this thesis was incorporating
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measurements both pre- and post-pandemic of children’s physical activity and cardiometabolic
outcomes. Thereby, our findings contribute to the scarce literature on the COVID-19 pandemic’s
impact on the cardiovascular risk of South African children. However, the limited evidence
regarding compliance with lockdown measures and subsequent consequences for children in these
settings preclude definitive conclusions (United Nations Children's Fund (UNICEF), 2021). This
thesis hence addressed important research gaps concerning learners in a vulnerable position.
Particularly, it shed light on the underrepresentation of African children in international guidelines
and their inconsistent application to identify cardiometabolic risk in the region. Importantly, this
thesis focused on children exhibiting enhanced cardiovascular risk. As our findings revealed, this
distinction holds significance since child subgroups responded differently to the intervention and

displayed an adverse development of said risk.

However, this thesis has limitations that need consideration. First of all, the implementation of
KaziKidz in the intervention schools was not monitored. In other words, there was a lack of
evidence regarding the extent (dose) and quality (fidelity) of the intervention’s delivery, including
details such as participating classes, lessons per week, or terms per school year. Limited resources
and the wish to avoid power dynamics between the research team and the schools drove this
decision. Still, the assessment of implementation fidelity is crucial for making claims about the
adequacy (Nally et al., 2021) or inadequacy (Love et al., 2019) of school-based interventions.
Hence, this thesis cannot draw definitive inferences between intervention design, implementation
strategies, and their efficacy. To address this gap, the intervention's acceptability and feasibility as
reported by the deliverers were examined post hoc, shedding light on the willingness and capacity
of schools to deploy the intervention as intended. Thereby, potential implementation variations
among schools were unveiled. Nevertheless, it should be acknowledged that these reports reflect
the perceived feasibility of the intervention rather than its objective assessment, which typically
precedes the implementation phase (Proctor et al., 2011). Additionally, by prioritising specific
implementation aspects guided by the RE-AIM framework and their perceived significance, the
intervention’s complexity might have not been fully captured. Indeed, a significant constrain of
this thesis was the outbreak of the COVID-19 pandemic between the implementation and
sustainability phases. As a result of school closures, the intervention was discontinued, thereby

impeding the study of KaziKidz’s effectiveness and maintenance under normal circumstances.
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Furthermore, participation bias might partly exist. This may be because school principals
volunteered to participate in the KaziBantu project, which indicates an inherent interest in the
programme. Nonetheless, this argument is contested by the fact that the teachers, who did not
partake in the decision, were responsible for implementing the intervention and required to attend
KaziKidz workshops. In that regard, contrasting the experiences of interviewed teachers
participating in the workshops with those not interviewed, and who were assisted by a coach, could
have offered valuable insights into the acceptance and utility of these workshops compared to a
facilitator. Yet, the inclusion of three schools with differing implementation strategies, including
two with either no or full support, was deemed appropriate to obtain a comprehensive analysis of
the obstacles faced by these teachers. A further limitation of this thesis lies in the substantial
reduction in sample size from post-intervention to follow-up. This drop originates from the
relatively long follow-up and consequent graduation of learners from school, as well as the focus
on children at increased risk for NCDs. Including healthy counterparts in the longitudinal study
could have allowed for comparisons of long-term cardiovascular outcomes across subgroups, yet
this option was constrained by time and financial resources. Lastly, the cross-sectional nature of
publications 1 and 2 prevents elucidating causal relationships between elevated blood pressure and
future risk of CVDs, and between physical activity constructs and cardiometabolic markers,
respectively. Therefore, caution is warranted when interpreting the mechanisms underlying the

intervention’s impact on and between physical activity behaviours and cardiometabolic health.
8.4. Perspectives
8.4.1. Research implications

There is a need to define optimal levels of risk factors for NCDs in childhood that predict
cardiovascular health later in life. To that end, accurate measurements of these risk factors,
including physical inactivity, obesity, elevated blood pressure, dyslipidaemia, and increased
glycaemia in African children, and specifically in South Africa, are imperative. Longitudinal
population studies are required to investigate the association of diverse metrics and instruments
for each variable with long-term health outcomes in this population. This will allow to identify the
most suitable methodologies and evidence-based cut points that determine paediatric risk, thus

facilitating informed decisions regarding the adoption of effective health promotion interventions.
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In assessing the efficacy of KaziKidz, future research should aim to discern the aspects of the
intervention that proved effective for different subgroups, particularly girls. In addition, there is a
need to identify unmet needs among boys to enhance their physical activity levels and among at-
risk children to improve cardiovascular outcomes. For example, the PAQ-C could be used to
compare the types, distribution, and settings that favour physical activity between boys and girls.
Increasing the understanding of the correlations between physical activity constructs and CVD risk
factors through epidemiological studies could also help improve outcomes for subgroups at risk.
Moreover, sedentary behaviours should be included in future analyses together with strategies to

reduce its burden.

Importantly, monitoring the future delivery of KaziKidz in schools is crucial to ascertain dose and
fidelity and to make final inferences. Indeed, implementation trials should be conducted
throughout the intervention’s life cycle, including the sustainability and dissemination phases, as
adaptation may be required for KaziKidz to work effectively over time and be deployed with
fidelity in new settings. Similarly, the evaluation of KaziKidz’s effectiveness upon its resumption

remains relevant, encompassing both children with and without adverse cardiovascular profiles.

Finally, given that the teaching material alone did not yield the desired outcomes in terms of
effectiveness and acceptability, evidence should be gathered on the impact of KaziKidz’s in-service
teacher workshops and coaching on measures of intervention implementation, specifically
feasibility, acceptance, fidelity, and adoption. For instance, a feasibility study with few schools
could aim to co-design a comprehensive support strategy considering factors such as workshop
format, mentoring, follow-up visits frequency, and other forms of facilitation. Economic
evaluation of these implementation strategies is recommended as part of feasibility and

sustainability studies.
8.4.2. Practical implications

Publication 5 offered a set of recommendations to foster the acceptance, uptake, penetration,
maintenance, and ultimately, the effectiveness of KaziKidz and other school-based interventions

in comparable low-income settings (Figure 4 ).
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Figure 4. Recommended strategies to increase uptake and maintenance of health promotion

interventions in schools based on stakeholders’ reported perceptions and experiences.

One key strategy identified in this thesis centres on redefining the approach to the in-service
teacher training and coaching. In the KaziKidz context, professional development takes the form
of Short Learning Programmes (SLPs) accredited by the South African Council for Educators.
These workshops foster physical education content and pedagogical knowledge among generalist
educators, while providing them with freely available educational materials. The findings of this
thesis advocate however for a stronger participatory approach to SLPs, whereby teachers are
encouraged to take accountability of their own teaching. The goal hence should be for teachers to
determine the priorities for the instruction of physical and health education in their schools and
align the programme accordingly. To this end, we identified a need for direct ongoing support,
including mentoring during the initial stages of programme implementation in the schools,

followed by outreach visits to ensure maintenance and assess the need for adaptations.

Another critical tactic to amplify the intervention’s effectiveness involves tackling the family and
community environments. School-based measures should be accompanied by strategies that raise
awareness and accountability in the community, such as educational meetings and resources for

home use.
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Furthermore, it is important to recognise the presence of other programmes in the region. Akin to

the Siyaphakama Zwide schools project, which emerges from a partnership between KaziBantu

and the Kolisi Foundation, United Through Sport, and Ubuntu Pathways, we propose closer
collaboration with other partners in the field, including higher education institutions. These
strategic alliances would enable to harness each other’s expertise and create a more cohesive and

sustainable approach to school-based physical activity interventions in South Africa.
8.4.3. Policy implications

Despite optimisation of interventions and their implementation, evidence-based practices will not
lead to meaningful population impact in the absence of supportive policy environments. In turn,
political engagement is needed for the implementation of such policies through matching actions.
The accreditation of KaziKidz’s SLPs for the continued professional development of South African
educators is an important example of a political instrument that facilitates programme
institutionalisation, thereby contributing to its feasibility and sustainability. However, enabling
teachers’ participation in SLPs will not necessarily translate into personal initiative to implement

the programme in the schools, especially without an accompanying support system.

Here, an opportunity arises for the government to further support Life Skills and Life Orientation
teachers in building upon the competences acquired through SLPs by establishing a system of
KaziKidz coaches. In South Africa, the outsourcing of physical education teaching to specialised
service providers and the sustainability of this approach is subject to debate. While wealthier
schools can afford to contract qualified coaches, schools of lower quintile depend on
nongovernmental organisations and local community youth for these services (Burnett, 2020). In
low-income schools, this practice often results in the provision of physical activities rather than
quality physical education and a void when these external agencies cease their operations.
Nonetheless, our findings highlight the advantages and necessity of assisting generalist educators
in establishing health and physical activity interventions in schools, particularly in low-income
areas, without advocating for a complete substitution of its delivery. Instead, this support should
be integrated into the national education system as part of in-service professional development for

teachers.

Moreover, the adequacy of KaziKidz’s components for specific subgroups of children can inform

public health priorities to combat physical inactivity in the region. For instance, implementing
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policy actions that incorporate a gender-responsive approach to physical activity interventions in
South Africa could help dismantle barriers to physical activity and sports among adolescent girls

and enhance their participation in these activities.

Lastly, the COVID-19 pandemic underscores the need for systems-wide strategies to address
complex issues like physical inactivity and NCDs. It becomes essential that local political agendas
prioritise physical activity in their post-pandemic recovery plans, thereby fostering a healthier
future. For that purpose, it is crucial to acknowledge the significance of reintroducing physical
education as a stand-alone subject taught by specialist teachers to drive systemic change.
Encouragingly, a recent joint declaration by the South African Sports Minister, Zizi Kodwa, and
the Basic Education Representative, Sifisi Ngobese, signals a positive step towards the

reinstatement of physical education in the South African school curriculum.
8.5. Conclusion

This thesis offers valuable knowledge regarding the impact, implementation, and sustainability of
the KaziKidz health promotion programme, aimed at enhancing physical activity and overall health
among children in underprivileged primary schools in peri-urban areas of South Africa. The
findings underscore the pivotal role of the school setting as an effective platform for delivering
physical education, increasing physical activity levels, and instilling healthy behaviours among

children from disadvantaged communities.

This thesis has not only shed light on KaziKidz’s mechanisms of action but also identified research
gaps in the target population. The programme was particularly suitable in addressing disparities in
physical activity participation. Concretely, it increased MVPA levels among girls, who initially
displayed lower activity levels, higher sedentary time, and elevated cardiovascular risk compared
to boys. Importantly, girls from lower-income areas in South Africa predominantly rely on school
hours to engage in physical activities, especially those of higher intensities. The intervention also
improved the mean arterial pressure and lipid and glucose profiles of healthy children, lacking
however positive outcomes among certain high-risk sub-populations. Furthermore, enhanced
school-time MVPA did not translate into increased activity across the day, nor did it result in a
significant reduction in adiposity. Consequently, efforts are still needed to further rise MVPA
levels during school hours for both girls and boys. To that end, evidence should be gathered around

KaziKidz’s gender-specific approach and the different components targeting cardiovascular risk,
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including aspects like sedentary and dietary behaviours. Yet, an underrepresentation of African
children in international guidelines and their unstandardised application hinders interpretation of
the true clinical significance of the interventions’ effects. Hence, future research should focus on

developing evidence-based definitions for paediatric cardiovascular risk.

Moreover, our findings have important implications for refining and expanding the future
implementation and dissemination of KaziKidz. Stakeholder feedback revealed positive attitudes
towards the programme, demonstrating a desire to reinforce physical education and physical
activity in these contexts. However, teachers emphasised the importance of adopting a more
inclusive approach along with support to implement KaziKidz’s educational materials. Hence, a
need exists for a participatory professional development to enhance programme ownership,
followed by personal coaching for effective delivery and ongoing support for maintenance.
Caregivers also expressed a wish to be involved and informed about ways to support their
children’s participation and health. Strengthening school-based programmes like KaziKidz with
community-focused strategies is crucial, especially in settings where safety concerns, cultural

norms, and inadequate facilities hinder physical activity.

Finally, the findings presented in this thesis carry the potential to guide local policy efforts aimed
at supporting sustainable physical education, physical activity participation, and overall health
among South African children. The COVID-19 pandemic and subsequent school closures led to
the discontinuation of KaziKidz, underscoring the challenges of programme sustainability in real-
world contexts, particularly in resourced-constrained areas. Furthermore, a decline in
cardiovascular health among at-risk children over time was observed, likely exacerbated by
pandemic-related lockdown measures. In the current context, joint efforts from the schools,
research team, and local authorities are imperative to resume KaziKidz’s activities in the schools,
monitor programme delivery, assess the feasibility of different implementation strategies, and
analyse the long-term maintenance of positive effects. School management and government
accountability are vital to support the implementation and sustainability of school-based health-

promoting initiatives like KaziKidz.
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Appendix Contributions to the PhD project

Appendix
Contributions to the PhD project

The KaziBantu project, of which KaziKidz forms part, is a collaboration between researchers from
the Department of Sport, Exercise, and Health at the University of Basel in Switzerland, the
Department of Human Movement Science at the Nelson Mandela University in South Africa, and

the Swiss Tropical and Public Health Institute.

The KaziBantu project stemmed from the experiences gained from the prior DASH study, leading
to its development and implementation as a RCT in 2019. Towards the conclusion of this trial, the
PhD candidate, Patricia Arnaiz, in collaboration with Prof. Uwe Piihse and Dr. Ivan Miiller,
recognised the critical importance of assessing the upcoming phase of the project, namely the
sustainability phase. Consequently, the candidate conducted a comprehensive literature research
to identify relevant methods pertaining to the study of the sustainability of public health
interventions. Under the leadership of Prof. Uwe Piihse, a research proposal was prepared by the
candidate with invaluable support from project partners including Prof. Markus Gerber, Dr. Ivan
Miiller, and Dr. Harald Seelig from the Department of Sport, Exercise and Health of the University
of Basel, Prof. Cheryl Walter, Prof. Rosa du Randt, Prof. Darelle van Greunen, Dr. Bruce Damons,
and Ms. Larissa Adams from the Department of Human Movement Science of the Nelson Mandela
University, Prof. Max Bergman from the Social Science Department of the University of Basel,
and Prof. Jiirg Utzinger and P.D. Peter Steinman from the Swiss Tropical and Public Health
Institute. Said proposal was submitted to the Swiss National Science Foundation (SNSF) in
October 2019 and was granted in March 2020, under grant number 192651. Following acceptance,
the candidate secured approval from the Ethics Committee Northwest and Central Switzerland and
Prof. Rosa du Randt from the Nelson Mandela University Human Ethics Committee as well as the
Eastern Cape Departments of Education and Health Ethics. Thereafter, the candidate, together with
Prof. Uwe Piihse and Dr. Ivan Miiller, managed the project as regards the funding agency SNSF,
overseeing tasks that involved budget management, the submission of financial and scientific

reports, and the application for a grant extension.

The PhD candidate joined the research team in South Africa between August and November 2021

to carry out fieldwork. Data collection responsibilities were allocated within the team, with the
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candidate organising and conducting qualitative assessments, while quantitative measurements
were led by Dr. Danielle Dolley, Dr. Siphesihle Nqweniso, Ms. Larissa Adams, and Ms. Madeleine
Nienaber. The entire team collaborated on data cleaning and the candidate compiled the complete

datasets for all time points.

Turning to research outputs, the candidate formulated research questions, defined objectives, and
selected appropriate methods for all publications with autonomy. She analysed all collected data
with support from Dr. Harald Seelig and Prof. Max Bergman and drafted the five PhD-related
manuscripts, which were subsequently revised by all co-authors. Two of these manuscripts,
Publication 2 and 3, were published with shared first authorship alongside Mr. Felix Guntlisbergen
(a Master student supervised by the candidate) and Ms. Larissa Adams, respectively. The candidate
handled the submission of all manuscripts to recognised international, peer-reviewed journals.
Moreover, the candidate regularly presented research findings at international conferences and

internal meetings, supervised Bachelor and Master’s theses, and conducted peer reviews.
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