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ABSTRACT 

  

 In recent years, physical activity and fitness transitions, described as declines in 

physical activity and aerobic fitness, coupled with increased sedentary behaviour, have 

been observed among school-aged children. Consequently, the prevalence of childhood 

overweight/obesity has also increased considerably. While there is a wealth of evidence 

supporting such behavioural transitions in higher income countries, there exists a paucity of 

data on the situation in lower income countries, such as those in Sub-Saharan Africa (SSA). 

The premise of this thesis was to investigate the robustness of these relationships in other 

global regions. 

 The first objective was to investigate the evidence for an overweight/obesity, 

ǇƘȅǎƛŎŀƭ ŀŎǘƛǾƛǘȅΣ ŀƴŘ ŦƛǘƴŜǎǎ ǘǊŀƴǎƛǘƛƻƴ ŀƳƻƴƎ {{!Ωǎ ǎŎƘƻƻƭ-aged children. Systematic review 

methodology was used to examine temporal trends and correlates of overweight/obesity, 

physical activity, fitness, and sedentary behaviour in apparently healthy or population 

based samples of children (5 - 17 years). The second objective of this thesis was to 

determine the prevalence and correlates of overweight/obesity and physical activity among 

Kenyan children aged 9 to 11 years, having contextualised Kenya within the broader 

situation in SSA. Further, the relationships between self-reported and directly assessed 

measures of physical activity and sedentary time by weight status in Kenyan children were 

investigated. The third objective was to examine moderate-to-vigorous physical activity 

(MVPA) patterns accrued by time of day among Kenyan children using the International 

Study of Childhood Obesity, Lifestyle and the Environment (ISCOLE)-Kenya data. Activity 

patterns in the Kenyan setting were then compared to similar ISCOLE-Canada data from 

Canadian children, revealing differences and similarities in the accumulation of MVPA, light 

physical activity, and sedentary time.  

 Systematic review data syntheses revealed a trend towards increasing proportions 

of overweight/obesity among Sub-{ŀƘŀǊŀƴ !ŦǊƛŎŀΩǎ ǎŎƘƻƻƭ-aged children. Further, 

urbanization and higher socioeconomic status (SES) were associated with decreased 

physical activity and aerobic fitness, and increased sedentary behaviours and body 



 

iii 
 

 

composition measures. ISCOLE-Kenya data analyses found a prevalence of childhood 

overweight/obesity of 20.8% in Nairobi, with few children meeting global physical activity 

guidelines (12.6%). Mean daily sedentary time was 398 minutes, time spent in light physical 

activity was 463 minutes, and time spent in MVPA was 36 minutes. Higher SES and parental 

education attainment were associated with a higher likelihood of children being 

overweight/obese and a lower likelihood of children meeting the physical activity 

recommendations. Data analyses also revealed considerable discrepancies in both self-

report and direct measures of physical activity by weight status, and weak to moderate 

correlations between self-report and direct measures of physical activity. Under/healthy 

weight children had significantly higher directly measured mean daily minutes of MVPA 

compared to overweight/obese children (39 verses 20 minutes); had lower mean weekend-

day minutes of sedentary time (346 verses 365 minutes); and had a higher proportion who 

met physical activity guidelines (15.5% versus 2.6%). Lastly, while MVPA patterns among 

urban Kenyan children were largely similar to those of urban Canadian children with regard 

to relationships by sex, BMI category, and weekday/weekend days; in the Kenyan sample, 

much unlike many higher income countries, lower SES was associated with higher MVPA. 

 

Key Words: Overweight/obesity, Physical Activity, Sedentary Behaviours, Physical Fitness, 

Behavioural Transitions, Accelerometry, Self-Report, Child, Sub-Saharan Africa, Kenya, 

Canada. 
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CHAPTER 1 

 

1.1 General Introduction 

 Examination of a broad range of health determinants and the complexity of their 

ƛƴǘŜǊŀŎǘƛƻƴǎ ǎƘƻǿǎ ǘƘŀǘ ǇƻǇǳƭŀǘƛƻƴǎ ŀǊŜ ƛƴŎǊŜŀǎƛƴƎƭȅ ŦŀŎƛƴƎ άƳƻŘŜǊƴ Ǌƛǎƪǎέ ŘǳŜ ǘƻ ǇƘȅǎƛŎal 

inactivity, overweight/obesity, and other behavioural transitions (1). This has in turn caused 

ŀ ǎƘƛŦǘ ƛƴ ǘƘŜ ƳŀƧƻǊ ŎŀǳǎŜǎ ƻŦ ŘŜŀǘƘ ŦǊƻƳ άǘǊŀŘƛǘƛƻƴŀƭ Ǌƛǎƪǎέ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǇƻǾŜǊǘȅΣ ǎǳŎƘ ŀǎ 

under nutrition, unsafe water, and poor sanitation, to a growing burden of modifiable non-

communicable diseases (NCDs), as shown in Figure 1.1 (1). The World Health Organization 

(WHO) classifies physical inactivity and overweight/obesity as the fourth and fifth leading 

causes of global mortality, and two of the greatest health challenges and determinants for 

various chronic diseases such as heart disease, hypertension, diabetes, and psychosocial 

problems in the 21st century (1-6). In contrast, adequate participation in energy expending 

activities provides a wide spectrum of health benefits, including reductions in risk for a 

variety of diseases and improvements in functional ability (7, 8).  

 

Figure 1.1: Risk Transition over time from Traditional to Modern Risks (WHO, 2004). 

 

Physical inactivity and overweight/obesity are a particular problem in children due 

to the potential for long-term health concerns as highlighted by a large prospective cohort 
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study in the United Kingdom which linked high body mass index in children 9 to 12 years of 

age to a higher likelihood of developing risk factors for cardiovascular disease in their 

adolescent years (9). Evidence has shown that overweight/obesity in childhood and 

adolescence is significantly associated with increased risk of incident severe obesity, 

physical morbidity, and premature mortality in adulthood (10, 11). However, children who 

were able to attain a normal weight by adolescence had better cardiovascular disease risk 

factor profiles when compared to those that remained overweight (9). Given that many 

lifelong diseases start in childhood, it is a crucial phase when basic life skills can be gained 

for their life course, including proper nutrition or how to accumulate sufficient levels of 

activity (12). Children are a vulnerable population, and measures ought to be taken to 

support them in attaining or preserving healthy and active living behaviours for their well 

being, particularly the right to enjoy regular physical activity and proper nutrition for the 

maintenance of health body weights (13). The WHO recommends that 

children and youth 5-17 years of age accumulate at least 60 minutes of daily moderate-to-

vigorous intensity physical activity (MVPA) for positive health outcomes (14).  

A growing body of evidence further revealed that sedentary behaviour, or low-

energy expenditure activity, is associated with adverse health outcomes, which differ from 

those attributable to a lack of MVPA (15). The Canadian sedentary behaviour guidelines, the 

first ever evidence-based guidelines on sedentary behaviour, recommend that children of 

this age group should limit their recreational sedentary screen time to no more than 2 

hours per day (16).  

Given that much of the knowledge available on the influence of lifestyle behaviours 

on childhood overweight/obesity, physical activity, and sedentary behaviour is informed by 

studies conducted in North America and Europe (17, 18), there is a pressing need to 

determine the robustness of these relationships across all global regions (19). This is 

particularly crucial for many lower income countries such as Kenya, which are faced with an 

imminent double burden of both traditional and modern risks (20). While communicable 

diseases will remain the predominant health problem for the populations in Sub-Saharan 

Africa (SSA) in the coming years, there is growing concern about rapid increases in NCDs, 
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particularly in urban areas (21). Decreased physical activity levels coupled with increased 

sedentarism, largely the result of modernization and greater access to technological 

advancements such as vehicles, as well as nutritional changes, such as increased 

consumption of high calorie foods, are thought to be the main contributors to the 

increasing prevalence of NCDs in SSA (22-26).  

There is a lack of nationally representative data on the proportions and correlates of 

physical activity and overweight/obesity among Kenyan children; however, various studies 

have shown that there is emerging evidence of a physical inactivity and overweight/obesity 

threat in this population comparable to that in some higher income countries (27, 28, 29). 

The need for improved surveillance, particularly in the school-aged population, is crucial. 

Further, any interventions developed to tackle this growing concern will need to be socio-

culturally, environmentally, and economically relevant to the Kenyan and Sub-Saharan 

populations in order to ensure uptake and sustainability since, for instance, while viewed 

negatively in the Western world, the socio-cultural belief in Kenya is that being overweight 

is an admired trait and seen as a sign of wealth and prestige (30). 

1.2 The Conceptual Framework 

Individual-level theories and models have been the dominant frameworks for 

research on various health outcomes; however, the exclusion of the ecological context fails 

to inform the inquirers about how the context may shape pertinent outcomes (31). 

Interventions based on these theories, such as those related solely to the psychological and 

social influences on individual behaviour may have led to a number of effective approaches, 

but are often fraught with considerable limitations including small to moderate effect sizes, 

modest recruitment rates, or poor maintenance (32). Conversely, epidemiological theories, 

driven by the biomedical sciences, often choose to exclude values, historical, and social 

context that make certain populations vulnerable (33). As a consequence, there is growing 

interest in socioecological theories and models, which offer a more productive framework 

ŦƻǊ ǇƻǇǳƭŀǘƛƻƴ ƘŜŀƭǘƘΣ ǎƛƴŎŜ ǘƘŜȅ ƛƴŎƻǊǇƻǊŀǘŜ ǇŜƻǇƭŜΩǎ ƛƴǘŜǊŀŎǘƛƻƴǎ ǿƛǘƘ ǘƘŜƛǊ ǇƘȅǎƛcal and 

socio-cultural surroundings, and are distinguished by their explicit inclusion of 

environmental and policy variables, which are expected to influence behaviour (32). 
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Socioecological models are particularly well suited for studying physical activity and related 

behaviours, because physical activity is done in different places (32). As shown in Appendix 

A, the socioecological model by Sallies et al. identifies potential environmental and policy 

influences on four main domains of active living, that is, active recreation, active transport, 

occupational activities, and household activities. Physical activity guidelines, guided by 

socioecological theory, provide age-specific recommendations on the appropriate health-

protective amounts of physical activity for active living, a broader concept that incorporates 

exercise, active transportation, recreational, household, and occupational activities (16, 32). 

Of particular interest in this thesis was the influence of intrapersonal factors 

(demographic and family level factors), the perceived environment (parental perceptions), 

neighbourhood factors, the school environment (the occupational domain for children), and 

the school policy environment, in promoting healthy active living behaviours among 

children. Findings from higher income countries have shown that individual and social 

characteristics (intrapersonal factors), parental or caregiver perceptions of the physical 

environment, and aspects of the school environment have an immense influence on 

ŎƘƛƭŘǊŜƴΩǎ ƻǾŜǊweight/obesity status and physical activity behaviours (34, 35). Positive 

parental perceptions of the neighborhood environment are associated with less screen 

time, more physical activity, and increased active transport such as walking or cycling to 

and from school or during leisure time (35, 36). Further, school environments and policies 

that encourage physical activity, healthy eating, and that discourage sedentary activities, 

are strongly associated with higher physical activity and fitness outcomes in students, 

habits that are continued in adult life (15, 34, 37-43).  

1.3 Thesis Organization, Objectives, and Hypotheses 

The main focus of this thesis was to examine the prevalence and correlates of 

overweight/obesity, physical activity, and sedentary behaviour among school-aged children 

in Kenya, after exploring the broader situation in SSA, and thereafter comparing activity 

patterns to those in Canada.  

 1.3.1 Systematic Reviews 
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The thesis was organized such that the first phase included two systematic reviews 

that would provide a synopsis of the trends and factors associated with overweight/obesity, 

physical activity, fitness, and sedentary behaviours among school-aged children and youth 

in SSA. The objective of the first review ς included as Chapter 2 of the thesis ς was to 

determine if children in SSA are indeed undergoing an overweight/obesity transition. 

Specifically, this review aimed to examine time trends in the proportions of 

overweight/obesity among apparently healthy or population-based samples of school-aged 

children (5-17 years) living in SSA. The objective of the second systematic review ς included 

as Chapter 3 of the thesis ς was to examine temporal trends and correlates of physical 

activity, sedentary behaviour, and physical fitness among school-aged children and youth in 

SSA. It was hypothesized that the results of these systematic reviews would provide 

evidence of an increasing prevalence of overweight/obesity and sedentarism, and a decline 

in physical activity and fitness levels in the region. The reviews would also help 

contextualise Kenyan findings with respect to the growing concern of childhood 

overweight/obesity and physical inactivity in SSA, while highlighting areas for further 

research, such as the subsequent phase of this project. 

 1.3.2 Primary Data Collection in Kenya 

 The second phase ƻŦ ǘƘŜ ǘƘŜǎƛǎ ŎƻƳǇǊƛǎŜŘ ǘƘŜ ōǳƭƪ ƻŦ ǘƘŜ ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘΩǎ ǿƻǊƪ 

and included primary data collection in Kenya as part of a larger International Study of 

Childhood Obesity, Lifestyle and Environment (ISCOLE), conducted in 12 countries from the 

five major regions of the world including Africa, Eurasia, Latin America, North America and 

the Pacific. Data collection was conducted in the urban city of Nairobi, for ISCOLE-YŜƴȅŀΩǎ 

assessments, following ethical approval from Kenyatta University (the local coordinating 

institution), the Nairobi City Council, and the National Council for Science and Technology. 

Ethical approval was also obtained from collaborating institutions in Canada including the 

University of hǘǘŀǿŀ ŀƴŘ ǘƘŜ /ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭ ƻŦ 9ŀǎǘŜǊƴ hƴǘŀǊƛƻ ό/I9hύΦ These approval 

letters are shown in Appendices B to F.  The co-principal investigators for the ISCOLE-Kenya 

project were Drs. Mark Tremblay (University of Ottawa) and Vincent Onywera (Kenyatta 
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University). I, alongside other research staff, collected, entered, and cleaned up ISCOLE-

Kenyan data.  

Project recruitment targeted a sex-balanced sample of 500 boys and girls 9 ς 11 

years of age at the time of the assessment. Conservative sample size determinations were 

based on cross-sectional data analyses, and were driven by the relationship between 

physical activity and body mass index, which anticipates that dietary variables will be more 

strongly associated with body mass index than total calories (19). The sample size was 

estimated as the minimum number of schools with an average of 25 students per school, 

required with at least 90% power to detect significance at the 5% level for a predictor that 

independently contributes to, or explains 3% of the variability in body mass index (19). A 

design effect of 1.3 was also applied to account for student sampling in clusters by schools 

(19). To accommodate an estimated 20% failure to provide valid accelerometer data, the 

enrolment target was set at 570 students (19). 

Data collection commenced at the beginning of the Kenyan school year in January 

2012 and proceeded to the end of the school year in December 2012. Following school 

acceptance to participate, parental consent, and child assent, objective body composition 

and physical activity measures of participating children were accomplished by 

anthropometric assessment and accelerometry. Self- and proxy-report information was 

collected by administration of questionnaires related to diet and lifestyle, and the 

neighbourhood and school environment. All study documents that were sent to parents 

were translated from English to Swahili to allow them a choice of either language. 

Confidentiality of participant data was enhanced by the use of unique identifiers for each 

child on all forms and in the study database. A secure list of linked subject identifiers and 

personal information was stored separately. Further, all participant data were entered into 

an encrypted web-based study interface to ensure that data were protected at all times 

(19). Full details of the ISCOLE study protocol, measurements, and questionnaires are 

provided elsewhere (19). 

 The objective of the first ISCOLE-Kenya manuscript ς included as Chapter 4 of the 

thesis ς was to describe the proportions of overweight/obesity, children meeting the WHO 
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physical activity guidelines, and time spent at various levels of movement intensity based 

on cut-points corresponding to sedentary, light, moderate, and vigorous physical activity in 

children recruited from public and private schools in Nairobi. Data analysis also sought to 

investigate the relationships between overweight/obesity or physical activity and factors at 

the individual, parental, household, neighbourhood, and school environment levels. It was 

hypothesised that the results of this study would show further evidence of an emerging 

overweight/obesity and inadequate physical activity threat in school-aged children in 

Kenya, while also providing new evidence of correlates of these outcomes in Kenya. 

Further, it was envisaged that this ISCOLE-Kenya study may serve as a model for a nationally 

representative survey. 

 The objective of the second ISCOLE-Kenya study ς included as Chapter 5 of the 

thesis ς was to investigate the relationships between self-reported (questionnaire-based) 

and directly assessed (accelerometry) measures of physical activity and sedentary 

behaviours, by weight status, in school-aged children recruited from the city of Nairobi in 

Kenya. Given that previous work, largely informed by studies conducted in high income 

countries, has shown little association between self-report and directly measured physical 

activity (44-47), it was important to investigate whether a similar reporting bias existed in 

developing countries such as Kenya. It was hypothesised that the results of this study would 

reveal a similar but perhaps less pronounced bias between self-report and directly 

measured physical activity and sedentary behaviour.  

 1.3.3 Kenyan-Canadian Comparative Data Analysis 

 The third phase of the thesis included a comparative assessment of activity patterns 

in the Kenyan setting, with comparable data collected in Canada. ISCOLE-Kenyan data was 

compared to ISCOLE-Canadian data collected in the Ottawa Region, whereby recruitment 

was conducted from schools stratified into four groups with proportional representation 

among English Public, French Public, English Catholic, and French Catholic schools. The 

objective of this study ς included as Chapter 6 of the thesis ς was to examine the levels of 

MVPA accrued by time of day among Kenyan children, by sex, BMI category, type of school 

(an indicator of SES), and on weekdays compared to weekend-days. Thereafter, activity 
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patterns in the Kenyan setting were compared to patterns in the Canadian setting, in order 

to investigate the similarities or differences in accumulation of moderate-to-vigorous 

physical activity, light physical activity, and sedentary time among school-aged children, by 

time of day and on weekdays/weekend-days. It was hypothesized that the estimates MVPA 

in the Kenyan setting would be higher than those of Canadian children, but that the 

difference in the results of these urban samples between the two countries would not be 

pronounced. 

 Bridging of the manuscripts was included as Chapter 7 of the thesis, while Chapter 8 

offers a brief description of various dissemination activities that arose from this work. More 

generally, the premise was that the information gained within the scope of this project 

would serve to promote collaboration in surveillance and dissemination efforts, and 

innovative thinking among researchers as they attempt to address the population health 

problems caused by childhood overweight/obesity, physical inactivity, and other related 

factors, such that interventions and strategies developed to curb the potential health 

consequences are effective. 
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CHAPTER 2 

 

Evidence of an Overweight/Obesity Transition among School-Aged Children and Youth in 

Sub-Saharan Africa: A Systematic Review 
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The objective(s): Transitions to higher proportions of overweight/obesity ς referred to as 

an overweight/obesity transition ς are well documented in higher income countries, but 

not in lower income countries such as those comprising Sub-Saharan Africa (SSA). This 

systematic review was conducted in order to examine the evidence for an 

overweight/obesity transition among children in SSA. This was achieved by the investigation 

of time trends in the proportions of overweight/obesity among healthy samples of school-

aged children, 5 to 17 years of age. Correlates of overweight/obesity were also examined 

for children and youth in this region. 
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