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ABSTRACT

In recent years, physical activity and fitness transitions, descrdasdleclines in
physical activity and aerobic fitness, coupled with increased sedentary behaviour, have
been observed among scheabed children. Consequently, the prevalence of childhood
overweight/obesity has also increased considerably. While there weath 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 irS&ltaran Africa (SSA).
The premise of this thesis was to investigate thbustness of these relationships in other
global regions.

The first objective was to investigate the evidence for an overweight/obesity,
LIKeaAOoOlt FOGAGAGRT | yR T-ageychifran. Systdmstia eview 2 y
methodology was used texamine temporal trends and correlates of overweight/obesity,
physical activity, fithess, and sedentary behaviour in apparently healthy or population
based samples of children (617 years). The second objective of this thesis was to
determine the prevalace 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-ssgibrted and directly assessed
measures of phgical activity and sedentary time by weight status in Kenyan children were
investigated. The third objective was to examine modeitateigorous physical activity
(MVPA) patterns accrued by time of day among Kenyan children using the International
Study ofChildhood Obesity, Lifestyle and the Environment (ISCRéf)a data. Activity
patterns in the Kenyan setting were then compared to similar ISEInAda data from
Canadian children, revealing differences and similarities in the accumulation of MVRA, ligh
physical activity, and sedentary time.

Systematic review data syntheses revealed a trend towards increasing proportions
of overweight/obesity among Sup | KI NJ y | F NageO | children. aF0Orked, 2 €
urbanization and higher socioeconomic status (SE8p)e wassociated with decreased

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

\



composition measures. ISCOK&nya data analyses found a prevalence of childhood
overweight/obesity of 20.8% in Nairobi, with few children maegtglobal 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 agher likelihood of children being
overweight/obese and a lower likelihood of children meeting the physical activity
recommendations. Data analyses also revealed considerable discrepancies in beth self
report and direct measures of physical activity by virtigtatus, and weak to moderate
correlations between selfeport 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 vers 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 similarthose 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, Physal Activity, Sedentary Behaviours, Physical Fitness,

Behavioural Transitions, Accelerometry, Sedport, Child, SuBaharan 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
AYGSNY OlA2ya akKz2ga GKFIG LRLIAFGA2ya taNB AyO
inactivity, overweight/obesity, and other behavioural transitions (1). This has in turn caused
I AaKATG Ay (GKS YIFI22N) OFdAaSa 2F RSIFOK FNRY 4
under nutrition, unsafe water, and poor sanitation, to a grogvinurden of modifiable non
communicable diseases (NCDs), as showfigare 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 gresténealth challenges and determinants for
various chronic diseases such as heart disease, hypertension, diabetes, and psychosocial
problems in the 2% century (16). In contrast, adequate participation in energy expending
activities provides a wide speatm of health benefits, including reductions in risk for a

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

Tobacco

Physical inactivity
Overweight

Risk
size

Urban air quality
Road traffic safety
Occupational risks

Madern risks

Time

Figure 1.1Risk Transition over time from Traditional to Modern Ri@k$1O, 2004).

Physical inactivity and overweight/obesiye a particular problem in children due

to the potential for longterm health concerns as highlighted by a large prospective cohort



study in the United Kingdom which linked high body mass index in children 9 to 12 years of
age to a higher likelihood of deloping 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 preature 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 att 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 commends that
childrenandyouth 5-17 years of age accumulate at least 60 minutes of daily modeaate
vigorous intensity physical activity (MVPA) for positive health outcomes (14).

A growing body of evidence further revealed the¢dentary behaviour, ofow-
energy expendilire activity,is associated with adverse health outcomes, which differ from
those attributable to a lack of MVPA (15helCanadian sedentary behaviour guidelines, the
first ever evidencéased 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 sedentaehaviour 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 sashKenya, 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 inS&biaran

Africa (SSA) in the coming years, there is grgvaancern about rapid increases in NCDs,



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 wadl nutritional changes, such as increased
consumption of high calorie foods, are thought to be the main contributors to the
increasing prevalence of NCDs in SSA2@)2

There is a lack of nationally representative data on the proportions and correbétes
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 caest(27, 28, 29).
The need for improved surveillance, particularly in the sclamgd population, is crucial.
Further, any interventions developed to tackle this growing concern will need to be-socio
culturally, environmentally, and economically relevat the Kenyan and SeBaharan
populations in order to ensure uptake and sustainability since, for instance, while viewed
negatively in the Western world, the soetoltural belief in Kenya is that being overweight
is an admired trait and seen as a sign e&th and prestige (30).
1.2  The Conceptual Framework

Individuatlevel 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 He 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 wit 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
contextthat make certain populations vulnerable (33). As a consequence, there is growing
interest in socioecological theories and models, which offer a more productive framework
F2NJ LI2LIzZ F GA2y KSIEO0KE aAyOS (KSeé kafyap@ N1J2 NI
sociccultural surroundings, and are distinguished by their explicit inclusion of

environmental and policy variables, which are expected to influence behaviour (32).



Socioecological models are particularly well suited for studying physical aetidtyelated
behaviours, because physical activity is done in different places (32). As shéywpeandix
A, the socioecological model by Sallies et al. identifies potential environmental and policy
influences on four main domains of active living, thatistive recreation, active transport,
occupational activities,and household activities Physical activity guidelines, guided by
socioecological theory, provide agpecific recommendations on the appropriate health
protective amounts of physical activitgr 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 famillevel 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. Findigs 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
OKA f R NBwightiobesity) Satiis 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 flom 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 fithess outcomegudergs,
habits that are continued in adult lifed$,34, 3743).
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 bebaviamong schoehged children
in Kenya, after exploring the broader situation in SSA, and thereafter comparing activity
patterns to those in Canada.

1.3.1 Systematic Reviews



The thesis was organized such that first phaseincluded two systematic regws
that would provide a synopsis of the trends and factors associated with overweight/obesity,
physical activity, fithess, and sedentary behaviours among s&wed children and youth
in SSA. The objective of the first reviewncluded asChapter 2of the thesis¢ was to
determine if children in SSAare indeed undergoing an overweight/obesity transition.
Specifically, this review aimed to examine time trends in the proportions of
overweight/obesity among apparently healthy or populatibased samples afchootaged
children (517 years) living in SSRheobjective of the second systematic reviewncluded
as Chapter 3of the thesis¢ was to examine temporal trends and correlates of physical
activity, sedentary behaviour, and physical fithess among dedged 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 regiofhe 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

Thesecond phase@ ¥ G KS (KS&aAa O2YLINAaSR (GKS od#f |
and included primary data collection in Kenya as part of a larger International Study of
Childhood Obesity, Lifestyle and EnvironmenC@&E), 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 ISCOSK & | Q&
assessments, following ethicapproval 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
Universityolh G G ¢ ' yR GKS / KAf RNBY Q& Thesapploval f 27F
letters are shown iAppendices B tB. The ceprincipal investigators for the ISCOKEnya

project were Drs. Mark Tremblay (University of Ottawa) and Vincent Onywera (Kenyatta



University). |, alongside other research staff, collected, entered, and cleaned up ISCOLE
Kenyan data.

Project recruitment targeted a sebalanced sample of 500 boys and girlg 91
years of age at the time of the assessment. Conservative sample sexengfettions were
based on crossectional 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 calor®. (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 theriability in body mass inded9). 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 studes (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 bodyastop
and physical activity measures of participating children were accomplished by
anthropometric assessment and accelerometry. Salid proxyreport 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 daeewntered into
an encrypted wekbased study interface to ensure that data were prated at all times
(19). Full details of the ISCOLE study protocol, measurements, and questionnaires are
provided elsewherel(9).

Theobjective of the first ISCOtKenya manuscript included asChapter 4of the

thesis¢ was to describe the proportions averweight/obesity, children meeting the WHO



physical activity guidelines, and time spent at various levels of movement intensity based
on cutpoints corresponding to sedentary, light, moderate, and vigorous physical activity in
children recruited from pulic 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
hypothessed that the results of this study would show further evidence of an emerging
overweight/obesity and inadequate physical activity threat in sclamgptd children in
Kenya, while also providing new evidence of correlates of these outcomes in Kenya.
Further,it was envisaged that this ISCCKd&nya study may serve as a model for a nationally
representative survey.

The objective of the second ISCE&{dnya study included asChapter 5of the
thesis ¢ was to investigate the relationships between seported (Questionnairebased)
and directly assessed (accelerometry) measures of physical activity and sedentary
behaviours, by weight status, in scheaed children recruited from the city of Nairobi in
Kenya. Given that previous work, largely informed by studiesducted in high income
countries, has shown little association between gelfort and directly measured physical
activity (4-47), it was important to investigate whether a similar reporting bias existed in
developing countries such as Kenya. It wasohygsised that the results of this study would
reveal a similar but perhaps less pronounced bias between-rgptirt and directly
measured physical activity and sedentary behaviour.

1.3.3 KenyanCanadian Comparative Data Analysis

Thethird phaseof the thesis included a comparative assessment of activity patterns
in the Kenyan setting, with comparable data collected in Canada. |SKC&y&n data was
compared to ISCOKEanadian data collected in th@ttawa Region, whereby recruitment
was conducted from swols stratified into four groups with proportional representation
among English Public, French Public, English Catholic, and French Catholic Sdfeools.
objective of this study included asChapter 60of the thesis¢ was to examine the levels of
MVPA acamed by time of day among Kenyan children, by sex, BMI category, type of school

(an indicator of SES), and on weekdays compared to wee#taysl Thereafter, activity



patterns in the Kenyan setting were compared to patterns in the Canadian setting, in order
to investigate the similarities or differences in accumulation of modetatgigorous
physical activitylight physical activity, and sedentary time among sclfamed children, by

time of day and on weekdays/weekeqadys. It was hypothesized that the estites MVPA

in the Kenyan setting would be higher than those of Canadian children, but that the
difference in the resultof these urban samplebetween the two countries wuld not be
pronounced.

Bridging of the manuscripts was included@sapter 7of the thesis, whileChapter 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 sundaihce 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 strateg developed to curb the potential health
consequences are effective.
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The objective(s) Transitiors to higherproportions ofoverweight/obesityc referred to as

an overweight/obesity transitiorg are well documented in highencome countries, but
not in lower income countries such as those comprisBupSaharan AfricaSSA This
systematic review was conducted in order to examine the evidence for an
overweight/obesity transition among children in SSA. This was achieved bw#stigation

of time trends in the proportions of overweight/obesigmonghealthy samples of school
aged children, 5 to 17 years of ageorrelates of ovenight/obesity were also examined

for children and youth in this region.
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Abstract

Background: Prevalence of childhood overweight/obesity has increased considerably in recent years. The transition to
higher rates of overweight/obesity has been well documented in high income countries; however, consistent or
representative data from lower income countries is scarce. It is therefore pertinent to assess if rates of overweight/obesity
are also increasing in lower income countries, to inform public health efforts.

Objective: This systematic review aimed to investigate the evidence for an overweight/obesity transition occurring in
school-aged children and youth in Sub Saharan Africa.

Methods: Studies were identified by searching the MEDLINE, Embase, Africa Index Medicus, Global Health, Geobase, and
EPPI-Centre electronic databases. Studies that used subjective or objective metrics to assess body composition in
apparently healthy or population-based samples of children and youth aged 5 to 17 years were included.

Results: A total of 283 articles met the inclusion criteria, and of these, 68 were used for quantitative synthesis. The four
regions (West, Central, East, and South) of Sub Saharan Africa were well represented, though only 11 (3.9%) studies were
nationally representative. Quantitative synthesis revealed a trend towards increasing proportions of overweight/obesity
over time in school-aged children in this region, as well as a persistent problem of underweight. Weighted averages of
overweight/obesity and obesity for the entire time period captured were 10.6% and 2.5% respectively. Body composition
measures were found to be higher in girls than boys, and higher in urban living and higher socioeconomic status children
compared to rural populations or those of lower socioeconomic status.

Conclusions: This review provides evidence for an overweight/obesity transition in school-aged children in Sub Saharan
Africa. The findings of this review serve to describe the region with respect to the growing concern of childhood
overweight/obesity, highlight research gaps, and inform interventions.
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Introduction 21% century [1,2-6]. This growing populaton health threat has
) ) ) ) . garnered much attentdon in view of the declaration and global
Worldwide populations are facing “modern’™ health risks due to campaign on the prevention and control of NCDs signed by the
increasing prevalence of overweight and obesity (overweight/ United Nations in 2011 [7].
obesity), physical inactivity, and sedentary behaviours, which are While the health benefits of maintaining healthy body weights
associated with obesogenic environments. This has caused a shift and an active lifestyle are well established [6], consumption of
n m_ﬁ major causes of death from “lr_a_dl[mna]” health risks calorie-dense foods, declines in habimal physical actvity, and
associated with poverty such as undernutrition, unsafe water, and o eageq in sedentary behaviour have been on the rise across
poor sani@ton, 1o a grfiw%.ng burden 'nf modifiable fon= developing nations [8]. Traditional practices such as walking long
communicable diseases (NCDs) [1]. The World Health Organi-  gigrances, and habitual physical labour have been replaced by
zation (WHO) nhss1ﬁes overweight/obesity as the fifth leading motorized wansport, and sedentary activites, particularly in urban
cause of global mortality, and one of the greatest health challenges settings [9]. Furthermore, in many Sub Saharan Affica (SSA)

afld deterrmnant.? for various chronic d1sea_ses such as _heart countries, an increased level of body fat is associated with beauty,
disease, hypertension, diabetes, and psychosocial problems, in the

PLOS ONE | www.plosone.org 1 March 2014 | Volume 9 | Issue 3 | 292846

14



prosperity, health, and prestige, while in contrast, thinness is
perceived to be a sign of ill health or poverty [9]. These factors are
now leading to increases in the occurrence of overweight/obesity
and related risk factors for NCDs in SSA’s children and youth
[1,9].

The health risks associated with  overweight/obesity are
particularly problematic in children due to the potential for
long-term health concerns. A growing body of evidence has shown
that overweight/obesity in childhood is significantdy associated
with increased risk of obesity, physical morbidity, and premature
mortality in adulthood [10,11,12]. Fortunately, children who are
able to attain a normal weight by adolescence have bewer
cardiovascular disease risk factor profiles when compared to those
that remain overweight [10]. Childhood is therefore a crucial time
to learn basic life skills, including proper nutrition, and how to
accumulate sufficient levels of activity in order to attain healthy
body weights.

While we must recognise the diversity of populations in SSA,
there are certain long-term developmental problems in this region
that tend o adversely affect most or all of its countries and peoples
[13]. Being the poorest continent in the world, with the highest
population growth rate, the concern for an immense double
burden of disease due to persistent infectious diseases and modern
risks such as an overweight/obesity transition is woubling. The
need for population wide interventions to reduce or prevent the
adoption of less healthy lifestyles and body weights, partcularly for
children in SSA has never been greater [9,14].

The objectve of this systematc review was to determine if SSA
is indeed undergoing an overweight/ obesity transition. Specifical-
ly, this review aimed to examine time wends in the proportons of
overweight/obesity in schookaged children and youth in SSA,
thereby highlighting any research gaps and idendfying areas of
need for healthy active living interventions.

Methods

Study inclusion criteria

Studies were included if’ they reported using either subjective
(e.g., parent or self-report questionnaires) or objective (e.g., directly
measured) measures of body composition (weight, height, body
mass index, waist/hip circumference, skin-folds, or body image
assessment) in children aged 53-17 years. No dawe or language
limits were set, but due to feasibility, only studies presented in
either English or French were included. In addition, only sudies of
populations from SSA countries were included.

Study exclusion criteria

All published, peer-reviewed smdies were eligible for inclusion;
however, in order to obtain information on a general population
living under ordinary conditions, intervention programs and
stucies were excluded unless they conducted baseline assessments.
Studies done on children with chronic conditions were excluded.

Search strategy

Studies were identified using the following elecironic databases:
Ovid MEDLINE (1948 to May, Week 4, 2013), Ovid Embase
(1974 to Week 21, 2013), Africa Index Medicus (database dates
not available, latest search on June 3, 2013), Global Health (1973
to June 3, 2013, through the CAB direct interface), Geobase
(1884-June 3, 2013 through the Engineering Village interface),
and EPPI-Cenure database of health promoton research (Bib-
liomap) (dates of coverage not available, latest search on June 3,
2013). In addidon, several open access journals relevant to SSA
were identified and those journal web sites were searched for

PLOS ONE | www.plosone.org
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additional relevant papers. The search strategy for this systematic
review was completed in tandem with a sister publication
examining the evidence for a physical actvity, sedentary
behaviour, and physical fimess transition among school-age
children and youth in SSA; hence, the inclusion of these terms
in the search strategy. The search strategy was created and run by
MS. The complete search strategy used for MEDLINE is
presented in fable 1. The PRISMA flow chart in figure I accounts
for the number of aricles included w inform this systematic
review. References were exported, de<duplicated and reviewed
using Reference Manager Software (Version 11, Thompson
Reuters, San Francisco, CA). Tides and abstracts of potendally
relevant anicles were screened by two independent reviewers
(SKM and one of CEF or LJW), and full text copies were obtained
for articles meeting initial screening criteria. Full text articles were
screened in duplicate for inclusion in the review (SKM and one of
CEF or LJW), and any discrepancies were discussed and resolved
by the reviewers. This review is registered with the international
prospective register of systematic reviews PROSPERO network
[registration number: CRD42013004399); available at hop://
www.crd.york.ac.uk/prospero/.

Data extraction, quality assessment, and synthesis

Data extraction was completed using a standardized data
extraction wmplate (SKM, CEF, AGL, and LJW). Study quality
was assessed by SKM and CEF using a modified Downs and Black
instrument [15]. Due to limitadons in smdy design, questions
selected from the Downs and Black quality assessment instrument
excluded any questons that referred to intervention and trial study
methodology. Ten out of the possible 27 questions were used for
quality assessment as represented in table 2. Table 5 provides the
score out of ten for all studies included in this systematic review.
Due to heterogeneity in smdy methodology and cut-points used to
categorize samples into under, healthy, overweight, and obese, we
were unable to carry out a meta-analysis in this review. However,
quantitative syntheses were conducted by caleulating the weighted
averages (by sample size) of the prevalence of overweight/ obesity.
Our goal was to examine time trends and thereafier compute an
overall prevalence of overweight/obesity in  the region, by
comparing the crude rates or prevalence of overweight/obesity
in the individual populations or samples. As such, we attempted t©
standardize the crude rates by acknowledging and adjusting with
respect to the sample sizes in each of the included studies, and
indicating graphically the sample size upon which a particular data
point was based. Findings from the quantitative synthesis were also
complemented with narrative syntheses of the included studies.

Results

Figure I shows the PRISMA flow chart with numbers of included
and excluded articles at each siep of the review process, while
table 3 provides a summary of all studies that met the inclusion
criteria. A total of 2657 records were identified through database
searches and other sources. Following de-duplication, 2242 articles
were screened for eligibility, and 663 articles were selected for a
full-text review. Of these, 283 articles met the inclusion criteria,
and 68 of the studies (comprising 190,149 partcipants) were used
in quantitative synthesis. Reasons for exclusion included: ineligible
population (e.g., smdies that did not involve children 317 years of
age with no pre-existing condition) (n= 181); ineligible country
(e.g., populadon living in a country/region outside of SSA) (107
ineligible outcome (n = 122); or ineligible study design (n=67). Itis
important o note that all the smdies included in this review were

March 2014 | Volume 9 | Issue 3 | 292846

15



Overweight/Obesity Transition in African Children

Records excluded

(n=1579)p

Full-text articles

#ncludes 6 studies whose full text articles could not be located.

£
-% Records identified through Additional recards identified
it database searching through other sources (reviewer
= (n=2633) nominated) (n= 24)
=
o
i
v A 4
P Records after duplic ates removed
(n=2242)
o
=
c
@
E 4
o
w Records screened
(n=2242)
A 4
Full-text articles
£ assessed for eligibility » excluded, with reasons
B {n=663) (n=380)
>
w
Y
— Studies included in
synthesis
— {n=283)
2
g Y
° Studies included in
£ quantitative synthesis
(n=68)

b Reasons for exclusion included irrelevant population (181 studlies), irrelevant geographic location/not Sub
Saharan Africa (10 studies), irrelevant outcomes (122 studies), and irrelevant content/study design e.g.

intervention programs or review articles (67 studies).

“Includes 25 articles that used participant data from the same stucly presented in another included manuscript.

Figure 1. PRISMA flow chart of search strategy results.
doi10.1371/journal.pone0092846.9001

found to have used objecive methods of collecing body
composition data.

Regional representation

As shown in table 5, which includes a summary of the 283 studies
included in the review, the four regions of SSA were well
represented, with 91 (32.1%) from West African countries - with
Nigeria represented in 60 of these records; 7 (2.3%) from Central
African countries; 75 (26.5%) from East African countries - with
Kenya represented in 28 of these records; 108 (38.2%) from South
African countries - with South Africa represented in 102 of these
records; and 2 (0.7%) that were East and West combined. In total,
27 countries were captured in this review.

Publication rate

The eariest relevant record captured was published in 1964,
There was a marked increase in the publishing rate from the

PLOS ONE | www.plosone.org

earliest to the current studies: 5 articles between 1960 and 1969,
15 from 1970-1979, 32 from 19801989, 31 from 1990-1999, 92
from 2000-2009, and 108 articles from 2010 to May/June 2013.

Data quality assessment

The average modified Downs and Black score out of ten for all
studies included in this systematic review was 7.4; indicative that
data quality was fairly high among the included recards, within the
prescribed limitations of sudy designs included in this review. The
majority of studies used in the quantitative synthesis scored 7 or
higher. As presented in table 3, the scoring process further revealed
that only 38 (13.4%) of 283 included armicles targeted a sample that
was representative of their populaton of interest, and 31 (11.0%)
recruited a sample that was representative of their population of
interest. Only 11 (3.9%) artcles explicitly mentdoned using a
nationally representative sample, one of which used the same study
sample as that of another already included sudy.

March 2014 | Volume 9 | Issue 3 | e92846
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Table 1. MEDLINE search strategy; Ovid interface.

1 exp “Africa South of the Sahara”/

2 (sub-sahar® or east afric* or south afric® or keny® or (south adj3 sahar®)).mp.

3 Tor2

4 sedentars.tw,

5 Sedentary Lifestyle/

6 ({chair or sitting or car or automobile or auto or bus or indoor or in-door or screen or computer) adj time).tw.
7 low energy expendituretw.

8 (computer game® or video game® or ((television adj watch®) or tv watch®)).tw.
9 television/or computers/or video games/

10 (screen based entertainment or screenrbased entertainment or screen time).tw.
n physical inactivit®tw.

12 bed restmp.

13 sitting.tw.

14 exp obesity/

15 (obesit® or obese).tw.

16 exp overweight/

17 (overweight or over weight).tw.

18 exp Body Fat Distribution/

19 exp body composition/

20 Waist Circumference/

i | waist circumference.tw.

22 Skinfold Thickness/

23 (skin folds or skin fold*).tw.

24 (body composition® or BMI or body mass index).tw.

25 exp "body weights and measures"/

26 (bio-impedance analysis or BIA)Ltw.

27 Absorptiometry, Photon/

28 (absorptiometery or densitometry or photodensitometry or DXA or DEXA)Ltw.
29 Physical Fitness/

30 (physical conditioning or physical fitness).tw.

3 musculoskeletal fitness.tw.

32 physical endurance/

33 cardiovascular fitness.ow.

34 mMotor activits.w.

35 physical exertion/

36 aerobic exercisetw.

37 exp sports/

38 play/

39 exp physical education/

40 musculoskeletal physiological processes/or exercise/or movement/or locomation/or running/or swimming/or walking/or motor activity/
41 or/4-40

42 (child* or adolescent® or youth* or pediatric*® or paediatric®) tw.

43 3and 41 and 42

Note: The search strategy for this systematic review was completed in tandem with a sister publication examining the evidence for a physical activity, sedentary
behaviour, and physical fitness transition among school-age children and youth in Sub Saharan Africa; hence, the inclusion of these terms in the search strategy.
doi:10.1371/journal pone.0092 846.t001

Body composition measures body fat percentage, waist circumference, skin fold measures, and/

Of the 283 included studies, 88 (31.1%) arnicles [16-103] or weight and height measures, and a total of 30 (10.6%) articles
reported on mean BMI, BMI=z-score, and/or weight z-scores of ~ [154-183] reported finding no prevalence of overweight/obesity
the sample population, 50 (17.7%) articles [104-153] reported on in their smdy samples. Of the remaining 115 (40.6%) records, 82
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Table 2. Modified Downs and Black checklist (Downs & Black, 1998).

Reporting

Objective Clearly Stated

Question 1 from full checklist (Y =1/M=0)

Main Outcomes Clearly Described

Patient Characteristics Clearly Defined

Main Findings Clearly Defined

Random Variability in Estimates Provided
Actual Probability Values Reported

External Validity

Sample Targeted Representative of Population
Sample Recruited Representative of Population
Internal Validity/Bias

Statistical Tests Used Appropriately

Primary Outcomes Valid/Reliable

Question 2 (Y= 1/N=0)
Question 3 (Y=1/N=0)
Question 6 (Y= 1/N=0)
Question 7 (Y= 1/N=0)
Question 10 Y =1/N=0)

Question 11 (Y =1/N=0)
Question 12 (Y =1/N=0)

Question 18 (Y =1/N=0)
Question 20 (Y =1/N=0)

doi:10.1371/journal. pone.0092846.t002

articles [184-265] used the more widely accepted international
cut-points (namely, the International Obesity Task Force (10TF),
the Centers for Disease Control and Preventdon (CDC), and the
most recent WHO cut-points) to further categorize their samples
into underweight, nommal-weight, and overweight/obese. The
other 33 articles [266-298] mentioned using one of a number of
other cut-points and reference standard groups including but not
limited w Tanner et al, 1966, Seoane & Latham, 1971, Frisancho
1990, Rosner et al., 1998, Harvard Standards, Waterlow 1972/77,
and various US and UK reference samples. Of the 30 swudies
reporting no prevalence of overweight/obesity, a majority had not
used the more widely accepted international cut-points, while the
reminder did not provide the required prevalence estimates to be
included in the quantitadve synthesis.

Quantitative synthesis

Of the 82 articles that used more widely accepted international
cut-points, 11 smdies [187,191,192,198,206,215,224,225,234,
246,265] were removed due o having an identcal sudy sample
as an already included study, and 3 smdies [214,218,264] were
removed for having not indicated the sample sizes in the age range
of interest. As represented in tabl 4, the remaining 68 (24.0%)
articles  [184-186,188-190,193-197,199-205,207-213,216,217,
219-223,226-233,235-245,247-263] were used in quantitative
synthesis. Of these, the largest proportion (44.1%) used the I0TF
cut-points [299], 30.9% used CDC cut-points [300], and 25.0%
used the most recent WHO cut-points [301] for weight status.
Briefly, the IOTF methodology involved obtaining the body mass
index for children from six large nationally representative cross
sectional surveys on growth from Brazil, Great Britain, Hong
Kong, the Netherlands, Singapore, and the United States.
Thereafter, centile curves for body mass index were constructed
for each dataset by sex, and passed though the widely used cut off
points of 25 and 30 kg/m?2 for adult overweight and obesity at age
18 years. The resulting curves were averaged to provide age and
sex specific cut off points for children 2-18 years of age [299]. In
the case of the CDC cut-points, growth chars were developed
based on data from five national health examination surveys
conducted in the United States, including limited supplemental
data. Smoothed percentile curves were created by first smoothing
selected empirical percentiles, then creating parameters obtain the
final curves, additonal percentiles, and z-scores [300]. Finally, the

PLOS ONE | www.plosone.org

WHO cut-points were developed after data from the 1977
Nadonal Center for Health Statsics (NCHS)/WHO growth
reference for 1-24 years, were merged with data from the under-
fives growth standards’ cross-sectional sample to smooth the
ransition between the two samples. The new curves filled the gap
in growth curves and provided an appropriate reference for the 5
to 19 years age group [301].

Figure 2 shows a distnctive time trend towards increasing
proportions of overweight/obesity in school-aged children in SSA.
The figure also shows a similar but less prominent trend towards
increasing proportions of obesity over dme. Figwe 3, shows
increasing trends in proportions of overweight/obesity over time
for both boys and girls; however, the proportions are consistenty
higher in gids than in boys. To determine the robustness of these
findings, we examined the wends in overweight/ obesity over time
using the few studies that indicated having recruited a represen-
tative sample of the population. We similarly found a wend
towards increasing proportions of overweight/obesity among
schoolaged children in this region. The findings were also similar
when boys and girls were assessed separately. While not the focus
of this manuscript, as shown in Fgure 4, we also examined trends in
underweight over time for the incuded studies that had also
reported this propordon. We found a trend towards decreasing
proportions of underweight over time in boys, a tend towards
increasing proportions over tme in girls, and a largely unaltered
rend over time - at approximately 20% - when boys and girls were
considered together.

The weighted averages (for the entire dme period and all studies
included in the quantitatve analysis) of overweight/obesity
propartions in boys and girls were calculated as 7.6% and
15.4% respectively. Weighted averages of obesity alone for boys
and girds were 2.0% and 3.9% respectively. Weighted averages of
overweight/obesity and obesity proportions for boys and girds
combined were 10.6% and 2.5%. Weighted proportion of
underweight was caleulated as 25.0% for boys, 8.3% for gids,
and 17.6% for boys and girls combined.

Narrative synthesis

Narrative descriptions of the relationship between body
composition and age, sex, socioeconomic status (SES), and
urban/rural differences are discussed below based largely on the
studies not included in the quanttative synthesis:
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Sex differences. Of the 96 smdies [16-18,20,24-26,29,
36,39,40,43,45,46,48,51,53-56,59-61,63-68, 70-72,74,76-80,83,
85,86,89,01,92,95,96,98,103-105,107,109-114,116-120,123,124,
126,128,129,132,133,135,136,140,143,147,149-152,163,169,1 70,
214,215,218,225,281,287,289.292,293 295) that reported their data
by sex, 31 ardcles [20,25,29,40,45,59,67,68,70,71,74,76,78,79,
85,86,89,92,95,96,103,107,124,126,132,147,151,163,170,214,215]
reported that girls had higher body composidon measures than
boys, while 5 ardcles [265,267,289,292,293] reported that boys had
higher body composition measures than gids. The remaining
studies either found no significant difference or did not report a
difference between boys and girls.

Urban/rural differences. Thirty-three articles compared
body composition measures in urban and rural populadons. Of
these, 29 studies (including 7 studies used in the quantiadve
synthesis) [17, 24, 27, 31, 34, 37, 54, 58, 79, 84, 87, 98, 119, 128,
129, 138, 156, 163, 206, 212, 282, 298, (185, 189, 200, 217, 233,
240, 260)] reported significanty higher body composition mea-
sures in the urban compared to the rural sample, with the
remaining studies  [110,111,140,280] reporting no  significant
difference between the two populations.

Socioeconomic status (SES) differences. Twenty four
articles reported on outcomes of interest by some measure of
socioeconomic status (e.g., income quartile, public/ private school
attendance). Of these, 19 anicles (including 8 studies used in the
quaniitative synthesis) [45, 54, 61, 68, 75, 77, 84, 92, 99, 101, 156,
163, 169, 218, 296, 297, (212, 228, 231, 237, 247, 250, 253, 256)]
reported that higher SES was associated with higher body
composition measures, whilst the remaining ardcles [34,75,92,
169,256] found no significant association of SES on  body
COMpPOSIHoN.

Age differences. Of the articles that reported on body
composition measures by age, 15 smdies found a largely
positive relatdonship with age [287,170,70,147,103,95,151,20,42,
242,256,229,230,199,297 |, while 7 studies found a largely negative
relationship with age [83,264,233,19,190,196,243]. In some cases,
the relatonship between age and body composition measures
differed between sexes; as such, we may conclude that there was
no convincing or consistent evidence of an independent age effect.

D&B Score

<
R R L

Body Composition Measure or
Categorization System

Average (D&B) score

None OW/OB

IOTF categories
IOTF categories

IOTF categories

Age Range
(Years)
9-14

13-16

9-13

9-13

Sample Size

=27

38].
31]

Country
Ethiopia
Kenya
Kenya
Kenya

Discussion

To our knowledge, this systematic review & the fist w
comprehensively examine if there is evidence supporting an
overweight/obesity transition in school-aged children and youth in
SSA.

Study Design
Cross sectional
Cross sectional
Cross sectional
Cross sectional

An overweight/obesity transition

Due to vast heterogeneity in types of measurement, classifica-
tion, and analysis, both narrative and quantitative analyses
[weighted proportions and bubble plos of overweight/obesity)
were presented in this review. Quantrative synthesis was
completed using 68 smdies that categorized children and youth
based on internationally accepted cut-points for weight status. The
weighted averages of overweight/obesity proportions in boys and
girls was 7.6% and 15.4% respectively, while obesity proportions
in boys and girk was 2.0% and 3.9% respectvely. Weighted
averages of overweight/obesity, and obesity for the total popula-
tion were 10.6% and 2.5%. Current evidence revealed a clear
ransiion of increasing proportions of overweight/obesity in
schoolaged children in SSA, and a similar, but less prominent
rend towards increasing proportions of obesity over time. This
ransition to higher proportons of overweight/ obesity is similar w
observed trends in developed countries; however, the weighted

Year
2013
2013
2013
2013
Identical study sample as used in another included manuscript (not induded in quantitative synthesis) [n

Article indicated targeting a sample size representative of the population of interest [n

Article indicated recruiting a sample size representative of the population of interest [n

Article indicated that the sample size was nationally representative [n=11).
doi10.137 1fjournal pone. 00928461003

Acronyms: D & B score (Downs & Black score); None OW/OB (none were overweight/obese); BMI (Body Mass Index); COC-NCHS (Centers for Disease Control and Prevention - National Center for Health Statistics); WHO (World

Health Organization); IOTF (International Obesity Task Force).

Table 3. Cont.
Mang'eni [223]

Onywera [224]
Heroux [225)"

First Author
Amare [183]

a
b
[
o
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Proportions of Overweight/Obesity and Obesity over Time
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Figure 2. Proportions of overweight/obesity (combined) and obesity over time in Sub Saharan Africa.
doi:10.1371/journal.pone.0092846.9002
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Figure 3. Proportions of overweight/obesity (combined) in Sub Saharan Africa’s boys and girls.
doi:10.1371/journal.pone.0092846.9003
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Proportions of Underweight Trends Over Time
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Figure 4. Proportions of underweight over time in Sub Saharan Africa.

doi:10.1371/journal pone.0092846.9004

averages fall far below proportions in various high income
countries. For example, in Canada, research has shown that the
prevalence of overweight/ obesity has more than doubled (14% to
29%) and the obesity rate has ripled (3% to 9%) over the last 25
years in children and youth 5 to 17 years of age [302,303]. In the
USA, 33% of children and youth 6-19 years are considered to be
overweight/obesity, and 18% are considered to obese [304].

It is important to note that across all age groups, WHO cut-
points yield higher propordons of boys and gids classified as
overweight/obesity than do the IOTF, or CDC cur-points [303].
While studies that used any of the three cut-points were analysed
together in this review, when interpreting prevalence estimates of
overweight/obesity, it is important to consider the choice of cut-
point used in each study. With the largest proportion of included
studies using IOTF cut-points, it could be argued that this may
“dilute™ the weighted average of the proportions of overweight/
obesity calculated for SSA. Nonetheless, these results indicate thar
while there is an imminent threat of continued increases in levels
of childhood overweight/obesity in SSA, implementing viable
population health interventions may mitigate the associated health
risks in these earlier stages.

Persistence of underweight

In discussing an overweight/obesity ransidon, it is important to
recognize that child under-nutrition remains one of SSA’s most
fundamental challenge for improved human development
[306,307,308]. This is particularly conceming when considering
the school-aged child populadon as malnutriton affects their
education outcomes, and consequently opportunities for success in
later years [306]. Inadequate access to food and health services as
a result of poverty and broader social determinants of health are
some of the underlying determinants of child under-nutridon. The
underweight trend over time was largely unaltered at approxi-
mately 20% for boys and girls combined, providing the evidence of
a persisting underweight problem among SSA’s children and
youth, and substantiating the emergence of a public health double-
edged sword. This persistence in underweight coupled with an
overweight/obesity transition may place undue strain on the
limited healthcare resources in SSA countries [14]. As such,
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frameworks for interventions to improve the nutridonal status of
SSA children will have to account for broader concepts such as
societal organization, economic structures, and polideal ideclogies
[306]. We would however like to caution the reader that
describing an underweight end was not an objective of this
systematic review; as such, pertnent artcles reporting on
underweight may have been omitted during the literature search
thereby skewing these results.

Sex differences

Both quantitative and narrative synthesis revealed that there
were increasing trends in proportions of overweight/obesity over
time for both boys and girds; however, body compositon measures
and the proportons of overweight/obesity were proportonally
higher in girls than in boys. In contrast, in North America, obesity
is more common in boys than in girls, with the most significant
differences  observed among younger children 511 years
[304,309]. Higher proportions of overweight/obesity in SSA girds
may be related to differences in gender roles particulady those
requiring higher physical exertion (e.g., boys participating in
higher energy expending roles/activities); and, culmral desirability
whereby being overweight (e, “rounder”) is an admired trait and
seen as a sign of wealth and prestige, particularly in girls.

Urban/rural and SES differences

Narrative synthesis revealed higher body composition measures
in the urban compared to the rural population. In addition, higher
SES was associated with higher body composition measures,
pointing to a positive SES relationship. Factors associated with
overwelght/obesity span various behavioural, social, environmen-
tal, and biological constructs making them difficult 10 ascertain;
however, urban residence and higher SES may be posidvely
associated with overweight/obesity in SSA owing to improved
access to governance, health care, education, employment and
income, in addition to increased availability of packaged foods
high in sawrated fars and sugars and increased sedentary
behaviour, all of which are more accessible w and/or affordable
for those of higher SES or individuals living in urban areas.
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Strengths, limitations, and future directions

The main strength of this review was the use of high quality
standards w conceprualize and conduct the methodology and
synthesis. Further, as many decisions as possible were made a priori
to limit possible bias, and all levels of the review process were
conducted in duplicate, ensuring a higher level of accuracy. Our
assessment indicated that the quality of included studies was
relatively high. The main limitation of this study lies in the vast
heterogeneity in study methodology. The variety in the types of
body composition measurements, analyses, definitions of SES, and
reference standards limited our interpretation and presentation of
the results. Quantitative synthesis was limited to those using the
more widely accepted cut-points to further categorise study
samples by weight status. It is also unclear if any material relevant
for this review may have been published in un-indexed journals
and hence not captured by the literature search.

Recognizing that future studies may increasingly employ WHO
cut-points, since they represent a more robust criterion-based
standard, we recommend that studies use the WHO cut-points for
categorizing childhood overweight/obese in SSA, as this would
allow for improved comparability and time tend analyses as
attempted in this paper. A repository of studies, partcularly these
that are representative may be set up to this end, w allow for
periodic comparative analysis for the whole of SSA. Measurements
on more population representative samples are also required e.g.,
a multi-country survey using common measurement techniques
and sampling procedures would be most desirable.

Conclusion

This systematic review provides evidence for an overweight/
obesity transition in schookaged children in SSA. While the
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weighted averages of overweight/obesity in SSA are lower, this
ransition to higher proportions of overweight/ obesity is similar to
findings in various developed countries. The weighted average of
overweight/obesity was higher in girls than in boys, and higher in
those with higher SES. The review also revealed a persisting
problem of underweight in the region, underpinning a double
burden of risk factors. Findings of this review indicate that more
nationally representative studies are needed to strengthen this field
of research, and that interventions and strategies to address the
growing threat of childhood overweight/obesity should focus on
the higher SES and urban populations, with greater attention
placed on girs.
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