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ABSTRACT

Factors related to resting energy expenditure and physical activity of 6-9-year-

old children in two primary schools in the City of Tshwane metropolitan area

by

Adeline Pretorius

Supervisor: Prof Dr Friedeburg Anna Maria Wenhold

Co-supervisors: Prof Dr Paola Silvia Wood; Dr Modiehi Heather Legodi
Department: Human Nutrition, University of Pretoria

Degree: Doctor of Philosophy Dietetics

Background

A lower resting energy expenditure (REE) has been suggested to partially explain the
disproportionate prevalence of overweight/obesity among black African women, yet
no studies have investigated the REE of South African (SA) children. Similarly,
physical activity (PA) as a modifiable factor related to childhood energy expenditure is

under-researched in the local context.
Aim

To determine the relationship between sex and population group (determinant factors),
on the one hand, and REE and PA (outcomes) of 6—9-year-old SA children attending
two primary schools in the City of Tshwane metropolitan area, on the other, taking
phenotypic characteristics as confounders (mediating factors) and the study context

into account.
Methods

In a cross-sectional study with quota sampling, the REE of 6-9-year-old children
attending two urban schools in SA was measured with indirect calorimetry (IC), and

PA with a pedometer. Multifrequency bioelectrical impedance analysis was used to

iv



assess body composition (BC) (fat-free mass [FFM], FFM index, fat mass [FM] and
FM index). Multivariate regression was used to calculate REE and PA adjusted for
phenotypic confounders (z-scores of weight-for-age, height-for-age and body mass
index-for-age, and BC). Sex and population differences in REE and PA (measured and

adjusted) were determined with two-way ANOVA.
Results

Ninety-four healthy children (59.6% qirls; 52.1% black African) with similar socio-
economic status and access to PA patrticipated in the study. Despite variations in BC,
sex differences in REE were not significant (41 kcal/day =172 kJ/day; P =0.375). The
REE in black African participants was significantly lower than in their white
counterparts (146 kcal/day =613 kJ/day; P =0.002). When adjusting for BC,
population differences in REE declined, especially after adjustment for FFM
(91 kcal/day = 382 kJ/day; P =0.039), but remained clinically significant. Average
steps/day in girls (10212 [9519;10906]) was lower than in boys (11433 [10588;12277])
(P = 0.029), and lower in black African (9280 [8538;10022]) than in white (12258
[11483;13033]) (P < 0.001) participants. No significant relationship (r=0.05;
P =0.651) was observed between REE and PA.

Conclusion

Within the context of a similar SES and PA environment, the REE and PA of black
African children was lower than white. Differences in REE between sexes were not

significant, but girls had a lower PA than boys.
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CHAPTER 1: BACKGROUND AND OVERVIEW OF THE STUDY

1.1 INTRODUCTION

Overweight and obesity is a form of malnutrition caused by imbalances in a person’s
intake and energy expenditure.®Y) For young children, being overweight or obese can
have direct physical and mental health effects and is considered a major risk factor for
diet-related noncommunicable diseases (NCDs) during adulthood.® Overnutrition is a
rising epidemic worldwide, particularly in urban settings, and children are increasingly
affected.® Although overweight and obesity affect all populations, it is evident that
some population groups, e.g. black Africans and African Americans, are
disproportionally affected.® 4 There is a great need in South Africa (SA) to better
understand overweight, obesity and NCDs and the related risk factors and to transform
this information into effective healthcare policies, programmes and services.® Many
studies®-1D) suggest that lower resting energy expenditure (REE) may be a contributing
factor for the higher prevalence of overweight and obesity in black African/African
American individuals. Additionally, the degree of African versus European ancestry
may have an amplified effect on REE, meaning that black African groups from Sub-
Saharan countries may have an even lower REE than African American groups,

thereby increasing their risk of overweight and obesity. (2 13)

Dietary energy recommendation is based on determining the energy required from
food intake that corresponds with energy expenditure to reach an energy balance and
maintain growth in children.t4 19 Although the direct measurement of energy
expenditure is the most accurate method to determine energy requirements, the
equipment required is costly, time-consuming and often unavailable, especially in low-
and middle-income countries (LMIC), including SA. Subsequently, prediction
equations based on variables such as weight, height and body composition (BC) have
been developed to determine REE and can be used with activity-related energy
expenditure (AEE) to estimate an individual’s total daily energy expenditure (TEE).
Prediction equations were derived by assessing the REE of mainly the white American
population, and population group was not taken into consideration.®> 16 Many
international studies(*¢-18) have confirmed that these prediction equations may not be

accurate in estimating the REE of all population groups, and there is a need to develop

1



equations that can accurately predict REE for various populations, thereby improving
population-specific nutritional intervention. Extension of research to investigate the
REE in Sub-Saharan population groups is limited.1? In SA, two recent studies in the
Department of Human Nutrition at the University of Pretoria found lower REE in black
African adults compared to their white counterparts and identified that the most
generally used prediction equations do not provide satisfactory results across these
population groups.® 20 Studies to determine differences in REE between children of
various population groups are also limited to the African American and white
populations and have resulted in varied outcomes.®: 7. 9.10. 21-23) There are no known
studies that have investigated the REE of Sub-Saharan African children. There is a
need for further research to investigate REE and the importance of factors related to
REE as variables to adequately predict the energy requirements of children in SA and
provide a preliminary indication of whether differences in REE “acquired” later in life
(during adulthood) are due to socio-economic status (SES) or whether they already

exist at a relatively young age.

Apart from REE, physical inactivity also tracks to obesity®¥ and the World Health
Organization (WHO) therefore declared action to reduce malnutrition in all its forms
through nutrition and physical activity (PA).% In SA, at least 50% of children are not
meeting the recommended levels of PA,% and children from various population and
socio-economic groups appear to have different PA levels with inter-population
differences.?-29 Since obesity originates in childhood and presents differently in
various populations,® the understanding of PA patterns and the related effects on
energy expenditure in children from different population groups is important for
effective population-specific PA intervention.? 24.26.27) The direct measurement of AEE
would provide the most accurate information when determining energy requirements
for PA and the effect on energy balance, but these measurements are often
impractical, costly and not always available, especially when assessing children. Cost-
effective tools such as pedometers and PA questionnaires (PAQs) are increasingly
being used as alternatives to assess PA patterns and rank PA levels of groups but
cannot be used to assess AEE.% Pedometers measure ambulatory PA in terms of
step counts. Since the majority of PA includes walking or running, it is often used to

represent habitual PA. Recent interest has emerged in the use of pedometers and



steps/day indices associated with health outcomes.®%-32 However, further population-
specific research and refinement is required before these recommendations can be
widely applied.®? In SA, many studies have used PAQs to determine the PA of
children.® 33.34) However, PAQs may include a high degree of error and the use of

complementary methods, especially for children, is advised. 0. 35 36)

Theoretical arguments exist that exercise regimens do not sufficiently increase TEE
to reverse obesity. However, practical experience indicates that increased PA is
successful in achieving and sustaining weight reduction.®”) This suggests that there
are additional metabolic effects of PA on energy balance that may magnify the effects
of the energy expended on PA alone. A suggested mechanism may be a positive effect
of PA on REE that may increase the energy imbalance above that generated by PA
alone.(11.12.37.38) S5ome evidence exists® that habitual PA may independently influence
REE and that the population group may be an independent predictor of these effects.
Overall, there is inconclusive research on the relationship between PA and REE.®. 38)

1.2 PROBLEM STATEMENT

Overweight, obesity and NCDs may originate in childhood. Since children are the
future generation, population-specific and timely nutrition and PA intervention will
contribute to the future health of all population groups.® A lower REE has been
identified as a possible reason for the higher incidence of obesity among black
African/African American adults.*Y) However, it is unclear whether differences in REE
originate in childhood since studies investigating REE among children are limited,
have delivered varied results and are mainly restricted to African American and white
populations.(® 7. 9. 10. 21-23) Accurate determination of REE serves as the foundation for
effective nutrition intervention, but the available REE equations have been developed

mainly for white populations and may not be applicable to all population groups.(16-18)

Resting energy expenditure and AEE are major determinants of TEE. To effectively

provide nutritional and PA interventions, AEE cannot be separated from REE.(%

Physical activity is associated with an increase in AEE and evidence suggests an
additional metabolic effect of PA on REE that may increase the energy balance;

however, a limited number of studies have investigated this relationship, with none



performed in SA.(11. 12.37.38) There is a need to further investigate the relationship
between PA measurements on REE and the effects of sex, population groups, SES,
BC and body weight categories on these measurements and their interrelationship, to

provide insight into the energy expenditure of SA children.

1.3 RESEARCH AIM AND OBJECTIVES

Aligned to Figure 1-1, the study has the following aim and objectives:
Aim:

To determine the relationship between sex and population group (determinant factors),
on the one hand, and REE and PA (outcomes) of 6-9-year-old SA children attending
two primary schools in the City of Tshwane metropolitan area, on the other, taking
phenotypic characteristics as confounders (mediating factors) and the study context

into account.
Primary objectives:

To describe (by sex and population group) in 6-9-year-old SA children attending two

primary schools in the City of Tshwane metropolitan area the

o REE measured with indirect open-circuit calorimetry (IC)

. REE predicted with equations

o number of steps per day measured with a pedometer (objective PA)

o “physical activity questionnaire for older children” (PAQ-C) activity score

before and after pedometer measurement (subjective PA)
o relationship between measured REE and objectively measured PA (number

of steps per day)
Secondary objectives:

For 6-9-year-old SA children attending two primary schools in the City of Tshwane

metropolitan area:

° To describe the contextual factors:



. Age
. School built environment
. SES

o To describe (by sex and population group) the phenotypic mediating factors:

o Anthropometric measures (weight-for-age [WFA] z-score; height-for-age

[HFA] z-score and body mass index-for-age [BMI-FA] z-score)

o Weight categories (healthy, overweight and obese)
o BC (Fat-free mass [FFM], Fat-free mass index [FFMI], Fat mass [FM],

Fat mass index [FMI])

o To determine the relationship between each phenotypic characteristic and
. REE
. PA

o To analyse the diagnostic accuracy of REE prediction equations.

Figure 1-1 illustrates the outline of the study, with the grey shaded areas indicating the

objective measurements used to determine the relationship expressed in the study

aim.

factors: i

Contextual 6-9-year-old school children ‘ School built environment ‘ SES

Determinant
factors: Sex

Population group

Mediating
factors

REE REE

(confounders): / \

Outcomes: —
Predicted Measured

Phenotypic
characteristics

PA

Objective |<—> ‘ Subjective

Abbreviations: PA = Physical activity; REE = Resting energy expenditure; SES = Socioeconomic status

Figure 1-1: Study outline



1.4

1.5

IMPORTANCE AND BENEFITS OF THE STUDY

This is the first known study to investigate the REE of children in SA.
Measuring and comparing the REE and PA measurements between SA
children of different sex categories and population groups will contribute to an
understanding of the problem of overweight and obesity that disproportionally
affects black African groups in SA.

Investigating REE of SA children of different sex categories and population
groups may contribute to the need to develop sex- and population-specific
prediction equations to accurately determine REE for effective nutrition
intervention.

Establishing PA profiles of SA children of different sex categories and
population groups by means of replicable cost-effective measurements, and
investigating the relationship between REE and PA measurements, will
provide insight into the energy expenditure of the study population. This can
serve as a foundation for clinicians and dietitians to determine population-
specific PA recommendations to plan effective nutritional and PA intervention

strategies.

DELIMITATIONS AND ASSUMPTIONS

Delimitations and assumptions for the study are summarised below.

1.5.1

Delimitations

6-9-year-old SA children, i.e. born during 2010, 2011 or 2012 and attending
the two selected primary schools in the City of Tshwane metropolitan area.
PA was determined with an objective and subjective tool, i.e. Yamax Digi-
Walker spring-levered pedometer and the PAQ-C.

REE was measured with IC.

BC, including FFM and FM was determined with prediction equations using

bioelectrical impedance analysis (BIA).



1.5.2 Assumptions

o The onset of puberty has not yet occurred for participants aged 6-9 years.

o Prediction equations to determine FFM developed for African American and

white American children between the ages of 6 and 9 years can be used to
determine the FFM of black African and white children in SA.

. SA as a LMIC relies on cost-effective tools and methods for the assessment

of REE, BC and PA in most clinical settings.

o White population groups in SA are of European descent.

o Parental report of population group can be used as good approximations of

ancestral origin.

1.6 DEFINITION OF KEY TERMS

Table 1-1: Definition of key terms

Key concept

Definition

Body composition (BC)

Contextual factors

Determinants factors

Mediating factors

Physical activity (PA)

Body composition refers to an individual's body weight compartments,
including (in the context of the two-compartment model) that of FM (fat from
brain tissue, skeletal fat and adipose tissue) and FFM (water, protein and
mineral components).4)

In this study, BC was determined with BIA measurements at 50 kHz to
obtain total body resistance (R) (Q). The R values were used to calculate
FFM with Horlick’s® prediction equation. FM was calculated by subtracting
the FFM from total body weight.

Contextual factors refer to the setting in which the study was undertaken
including the age range of participants (6—9 years), the school built
environment and the SES of participating households.

Determinant factors refer to the sex categories and population groups (black
African and white SA boys and girls); both considered as possible
determinants of REE and PA.

Mediating factors refer to confounding factors, including phenotypic
characteristics, that typically influence REE and PA of children and were
taken into consideration when comparing the PA and REE between sex
categories and between population groups.

Any bodily movements, both voluntary and involuntary, produced by the
contraction of muscles causing an increased energy expenditure.“9 In this
study PA refers to all physical activities that may cause an increase in energy
expenditure as determined by the number of steps per day via a pedometer
and the PAQ-C activity score.



Table 1-1: Definition of key terms (cont'd)

Key concept

Definition

Population group:
- Black African
- African American
- White

Resting energy
expenditure (REE)

In health-related research the term “race” is often used to group populations
according to shared biological characteristics, including genes, skin colour
and observable features. The term “ethnicity” is typically used to describe
cultural and social aspects rather than biological features. However, both
race and ethnicity include a mix of interrelated social and biological
constructs and classification of groups are challenging.@ 41

In SA, Statistics SA (Stats SA) categorise people based on self-report in
terms of five “population groups” as black African, white, Indian or Asian,
Coloured or Other.“2 Self-identification of race and population categories by
subjects can be used as good approximations of ancestral origin.®

For this study, the term “population group” is used and refers to categories
used by Stats SA“2), based on parental report of black African, White, Indian
or Asian, Coloured or Other .

Based on Stats SA classification,“? “black African” refers to individuals of
Southern African descent.

“African American” refers to American individuals of African descent. The
term is generally used in international studies. (The term is added for
informational purposes; this population group is not included in the study.)

The term “white” population group refers to white-skinned individuals of
European descent and is used interchangeably with the term Caucasian in
international studies. For this study, the term “white” is used, consistent with
the Stats SA classification.(*?

The rate of energy expenditure when a person is at rest, i.e. awake in a
post-absorptive, thermoneutral state, and have abstained from exercise for
typically 12 hours; expressed as kcal or kJ per 24 hours.@4

In this study, IC is used to measure REE.

School built environment Children spend a great amount of time at school and the school built

Socio-economic status
(SES)

Southern African

environment and surrounding areas are often used as the primary
environmental determinant to describe access and opportunities that may
influence their PA.43

The international study of childhood obesity, lifestyle and environment®4)
school audit tool (ISAT)“9 was used in this study to collect information
regarding the school built environment.

A combined economic and sociological measure of an individual or groups.
Stats SA uses the Community Survey Household Questionnaire (CSHQ) to
collect SES information regarding a household’s social profile, household
characteristics, housing conditions, access to basic services, economic
participation and income, health and wellbeing and education and skills, and
to categorise SES based on income.®® For this study, SES classification will
be an educational- and income-based indicator as used by Stats SA as a
proxy for SES.

Southern African refers to an individual with a nationality from a country that
lies south of the equator, including Angola, Botswana, Lesotho, Malawi,
Mozambique, Namibia, SA, Swaziland, Zambia and Zimbabwe.®"



Table 1-1: Definition of key terms (cont'd)

Key concept

Definition

Steady state (SS)

Weight categories

The concept of steady state (SS) was introduced to improve the accuracy of
REE measurements with IC.“8

In this study, a machine-indicated SS was used, which refers to the SS
displayed by the Quark RMR software and defined by Cosmed®9 as a time
period when the average minute oxygen consumption (VO2) and carbon
dioxide production (VCO2) changes by less than 10% and the average
respiratory quotient (RQ) changes by less than 5%.(“8. 49)

BMI-FA z-scores were used to categorise participants into weight categories
based on the 2007 WHO growth reference data.®*® Participants were classified
as:

- Thin when BMI-FA < -2 SD (standard deviation) of the median

- Healthy when BMI-FA 2 -2 and < 1 SD of the median

- Overweight when their BMI-FA is > 1 SD and < 2 SD of the median
- Obese when their BMI-FA is > 2 SD of the median.




CHAPTER 2: LITERATURE REVIEW

A comprehensive review of the literature is presented in this chapter and follows the

outline as shown in Figure 2-1.

__2.1.1 Basal and resting
energy expenditure

2.1.2 PA-related energy
expenditure

2.1. ENERGY AND
ENERGY
| EXPENDITURE

2.1.3The thermic effect of
food

2.2 RESTING ENERGY |
EXPENDITURE
JZ.Z.Z Factors related to
REE

LITERATURE REVIEW
I

PA

— 2.3 PHYSICAL ACTIVITY

2.3.1 Measurements of

2.3.2 Factors related to
the PA of children

— 2.4 CONCLUSION

Figure 2-1: Outline of chapter 2
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21 ENERGY AND ENERGY EXPENDITURE

Energy is required by the body to perform physical actions and to sustain the body’s
functions. This energy is supplied by macronutrients in the diet, including
carbohydrates and alcohol, fats and proteins. The process of converting food into

energy is referred to as the body’s energy metabolism.(4 43)

Energy metabolism involves a variety of complex biochemical pathways that enable
the body to use or store energy. The determination of whether the energy in foods is
used for fuel or stored for later use comes down to the balance between energy intake
and energy expenditure. When energy intake exceeds expenditure, a positive energy
balance occurs, causing an increase in body weight. In contrast, when energy
expenditure exceeds intake, a negative energy balance occurs that may lead to weight
loss. Consequently, dietary energy recommendation is based on the accurate
determination of energy required from food intake that corresponds with energy
expenditure to achieve an energy balance in adults and to maintain growth in

children.(4.40)

To predict energy requirements for weight maintenance and growth, the reported
energy intake could, in principle, be used. However, it is widely recognised that energy
intake assessed via dietary surveys underestimates usual energy intake,®V and it is
therefore not appropriate to base energy requirements on self-reported food
consumption data. Alternatively, measurements of energy expenditure are generally

used to determine energy requirements.“0

Energy is mainly released in the body by the process of oxidation (combining organic
nutrients with oxygen [Oz], while releasing carbon dioxide [COz2] and water) to maintain
a steady supply of chemical energy in the form of adenosine triphosphate (ATP).
Adenosine triphosphate is a high-energy compound used to fuel the body’s functions
while at the same time producing heat. The production of heat, known as

thermogenesis, can be measured to establish the amount of energy expended.4

Total energy expenditure refers to anything that requires the body to expend energy
such as physiological functions, depositing new tissue, thermoregulation, voluntary

and involuntary muscular contraction (e.g. peristalsis, maintaining posture) and
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movement (e.g. sports, walking).(!¥ Total energy expenditure can be divided into three

main categories:
2.1.1 Basal and resting energy expenditure

The basal metabolic rate (BMR) refers to energy expended to sustain the body’s life
functions such as breathing, circulation, nerve function and muscle tone. Basal
metabolic rate is usually expressed as kilocalories or kilojoules per kilogram body
weight per hour (kcal/lkg/hr or kJ/kg/hr; 1 kcal = 4.2kJ) when an individual is at
complete digestive, physical and emotional rest.(!¥) The accurate measurement of
BMR is challenging since individuals are rarely in a state of complete rest.
Consequently, the resting metabolic rate (RMR), approximately 10 — 20% higher than
the BMR, is often used and indicates the rate of energy expenditure when a person is
at rest in a comfortable setting, i.e. awake in a post-absorptive, thermoneutral state,
and have abstained from exercise for about 12 hours. Resting energy expenditure
(kcal/day) refers to RMR extrapolated to 24 hours and is the dominant source of
energy expenditure contributing to more than 50 — 70% of TEE. In clinical practice,
measurement or prediction of REE is generally used as the baseline to determine

energy requirements. 4. 40.52)
2.1.2 PA-related energy expenditure

Physical activity-related energy expenditure (AEE) is defined as the increase in
metabolic rate that results from using skeletal muscle for any type of voluntary and
involuntary bodily movement. Activity-related energy expenditure is the second-largest
and most variable component of TEE and is affected by many factors, including

muscle mass, body weight and the duration, frequency, intensity and type of activity.(4
21.3 The thermic effect of food

When a person eats, the activity of the digestive and absorptive systems accelerates
and elicits an increase in energy expenditure, referred to as the thermic effect of food
(TEF).% For most purposes, the TEF is considered a constant 10% of TEE or is often

even disregarded when assessing energy expenditure because its influence on TEE
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is smaller than the typical errors involved in estimating energy requirements especially
in a fasted state.¥

2.2 RESTING ENERGY EXPENDITURE
2.21 Measurements of energy expenditure and REE

2.2.1.1 Indirect calorimetry

For measurements of energy expenditure to be meaningful in practice, energy
expenditure needs to be stated as a unit of energy. Since energy expenditure
encompasses thermogenesis, the amount of heat is generally measured to determine
the amount of energy expended and is often expressed as calories, a heat unit that
refers to the amount of heat energy required to raise the temperature of 1 L of water
by 1°C.% Direct calorimetry measures the total heat released by the body as a result
of energy metabolism. Although highly accurate, this measurement is technically
challenging, high in cost, impractical and rarely used currently. Subsequently, indirect
calorimetry was developed. All energy-releasing reactions in the body depend on Ox.
Because a direct relationship exists between O2 consumed and the amount of heat
released by the body, the measurements of VO2 can provide an indirect, yet highly
accurate, estimation of energy expenditure.®? 5 The gold standard is the doubly
labelled water (DLW) technique that uses isotopes for the measurement of VCO: to
calculate TEE in a free-living environment. However, DLW requires sophisticated

laboratory analysis and is very costly.(2 59

Indirect open-circuit calorimetry is the most practical and widely employed method
used to determine REE.®9 In an open-circuit system, the subject inhales air, and the
exhaled gases are then analysed. Ventilated open-circuit systems allow for the least
complex approach to collecting expired gas by using a ventilated mouthpiece, mask
or transparent hood connected to an Oz and CO2 analyser mounted on a mobile cart.
Through a unidirectional valve situated in the ventilated canopy/mask, the calorimeter
collects and quantifies the volume and concentration of Oz inhaled and CO2 exhaled
by the subject to determine the respiratory exchange ratio (RER; also referred to as
the RQ for individuals at rest). The RER allows for the quantification of VO2 and VCO:2
to determine the heat production of the energy-yielding macronutrients using Weir's
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equation.®% Results are displayed in a software program attached to the system.(257)
These devices, known as metabolic carts, are non-invasive, relatively low in cost and
easy to operate. The gaseous sampling attachment/mixing chamber however, limits
movement and restricts study duration to just a few hours and is therefore most

appropriately used to determine REE.(®? 58)

More recent IC makes use of advanced technology with micro-mixing chambers and
high precision gas analysers. The devices involved are portable and more convenient
due to larger mixing chambers being eliminated. Additionally, a shorter measurement
time is required, and the devices can be used without warm-up time or regular
calibration. Developments are still underway, but devices could potentially be used to

measure energy expenditure accurately in various clinical and research settings.®> 59

2.2.1.2 Accuracy of REE obtained via IC measurements

Determining REE utilising IC metabolic carts involves the measurement of RMR over
a short period (generally less than 60 min) extrapolated to represent the 24-hour REE,
which may introduce significant error.®? To improve the degree to which the shorter
measurement accurately represents REE, the concept of steady state (SS) was
introduced. Steady state represents a state of complete rest. It is defined as a period
during which average minute VO2 (ml/min), VCO2 (ml/min) and the RQ (VO2/VCOz2)
change by less than a predetermined percentage range (generally between a 4 and
25 min interval during which the average minute VO2, VCO:2 or RQ changes by less
than 5 — 10%).(48 55.60-62) Achijeving SS during IC is recommended to improve validity
and reduce error from artefactual influences. Evidence-based measurement protocols
are therefore advised to ensure the individual has reached a resting state.“® Currently,
although graded as weak evidence, the Evidence Analysis Library of the Academy of
Nutrition and Dietetics recommends IC measurement in adults involving a 30-min rest
period before IC, discarding the first 5 min of the measurement and achieving a period
of 5 min with a coefficient of variation (CV) < 10% for gas exchange. These
measurement periods may continue for 20 min or beyond.“® In contrast, although
weak, evidence exists®? that an extended SS interval of 5 min may unnecessarily
prolong the duration of IC testing, without significantly improving the overall validity of
the test. Furthermore, a recent review®® suggested that if an SS is obtained after 15

min of measurement, there is no need to prolong the test. Alternatively, a pre-set
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period between 3—-4 min has been reported to be accurate, especially in research
settings, when the effect of random measurement error is reduced with larger

samples.(®1 62)

At present, the Evidence Analysis Library of the Academy of Nutrition and Dietetics
recommends the following guidelines for IC measurements of healthy adults to

achieve an SS and improve measurement accuracy:“®
o Rest quietly for 30 min prior to measurement:

o When subjects enter the assessment unit, it is essential to return to a
resting level before taking the measurements. Studies investigating the
length of the rest period required before taking REE measurements,
identified that a resting condition can occur within 20 min in many adults
if they remain still. No significant differences in mean REE were found
between adults who slept at the facility and those sleeping at home and
commuting to the facility.

o Activities during the rest period, including laughing, reading and listening

to music, may increase REE and should be avoided.

o Subjects should maintain a supine position and avoid fidgeting. Sitting,
standing or even lying in an elevated position may increase REE.

o More evidence is required to compare gas-collection devices, but a ventilated
hood/canopy appears to result in a lower REE. This may be due to increased
subject comfort.

o The time of day does not appear to affect the measurement. No significant
difference was detected between morning and afternoon measurements, but
further studies are required.

o Lower room temperature < 20°C is associated with a higher REE, and cold
indoor room temperature may increase REE during winter compared to
summer. A thermoneutral environment between 22 — 25°C has less effect on
REE. No evidence exists regarding room conditions, including humidity, light

and noise.
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o The TEF on REE is complex. Additional research is required to determine the
optimal fasting period before measurements to eliminate the TEF. A seven-
hour fasting period is generally desirable, but if this cannot be achieved,
researchers suggest a small meal (<300kcal) can be ingested two hours
before the measurement.

o Caffeine is known to increase REE, but the effects may vary and are likely to
be dose- and product-dependent. Based on evidence, REE remains elevated
for at least four hours after caffeine consumption; however, the length of time
the REE remains elevated beyond this period remains unclear.

o Type and intensity of exercise may affect REE, but limited research has
investigated the effect of light-intensity PA or moderate- to vigorous-intensity
PA (MVPA) on REE. It is common practice to instruct individuals to refrain
from exercise 12 — 24 hours before an REE measurement.

o RQ is often used to evaluate feeding protocol violation (i.e. not fasting) but has
poor accuracy. The physiological range of RQ reflects cellular metabolism
across the fed and fasted state at 0.67 to 1.3. If the RQ falls outside this range
(<0.67 or >1.3), an error can be suspected and it is advised to repeat the
measurement. Measurements between 0.68 and 0.90 can be expected for an
individual who has fasted. If the RQ is between 0.91 and 1.3 in a healthy
individual who has fasted, a problem with the measurement may be expected
resulting from an error in calibration, a leak in the calorimeter, a ventilation

problem or some other artefact or protocol violation.

Research on the best procedures in children is very limited“® and consensus on a
standardised protocol has not been reached.“® 3 Measuring REE in young children
presents an additional challenge because many children cannot rest quietly for the
required time while the measurement is being taken. Although a longer measurement
period is currently recommended for adults, prolonged measurements have been
shown to increase restlessness in children. Shorter REE protocols of 20 min appear
to be more suitable for children and have shown to be more accurate due to a

reduction in boredom and consequent fidgeting.“8. 63)

16



2.2.1.3 Prediction equations to estimate REE in children

The actual measurement of energy expenditure is not feasible in most clinical settings,
consequently predictive equations, usually based on age, sex, body weight and height,
are used to calculate REE. The REE can then be used to estimate TEE when a
person’s AEE is known.®4 65 The first prediction equations to estimate BMR were
developed almost a century ago.®9 Although REE is considered a better indicator of
daily energy expenditure, these pioneer studies often incorrectly referred to BMR to
describe the amount of energy required to maintain bodily functions (hence the term
BMR displayed in Table 2-1). Consequently, more recent studies refer to REE and

BMR interchangeably.®?)

The development of the initial Harris and Benedict equations was based on IC-derived
measurements only on white population groups and under stringent experimental
conditions, which resulted in overestimating the BMR of free-living individuals. Despite
its limitations, a simplified version®® is still widely applied in clinical settings.® As
development of various equations continued, the inaccuracy of these became more
apparent, especially when applied to individuals of various characteristics and
populations. Consequently, the Schofield®> 79 and Oxford® equations (Table 2-1)
were developed. These equations were age- and sex-specific and based on
anthropometric measurements, including body weight and height. The Schofield
equation was developed using a database of previous publications based on BMR
measurements of European, especially Italian, and North American individuals. The
Schofield analysis was later extended and adopted by the FAO (Food and Agricultural
Organization)/WHO (World Health Organization)/UNU (United Nations University)
expert consultation on Energy and Protein Requirements.(D However, it was
recognised that they generally overestimated the BMR of non-white populations.
Considering this limitation, the Oxford equation was developed with the inclusion of a
larger population range, including individuals from tropical regions.(1® Although the
generalisation of these has since also been found to be limited, they are still primarily

used by clinicians to estimate REE.®4 72)

More recently, the use of BC has been suggested to improve the accuracy of REE
prediction equations.(8. 64.65.72) Corresponding with this recommendation, Maffeis et

al.(™® developed new prediction equations specifically for prepubertal children. Even
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though FFM was measured and considered the main predictor of REE, they concluded

that their equations based on FFM along with age and gender, did not improve the

accuracy of estimating REE.

Table 2-1: Prediction equations for estimating BMR of children aged 3-10 years

Prediction equation: Sex and age
Name and reference category

Prediction equation

Harris-Benedict Males BMR (kcal/day) = (kg x 13.7516)+ (cm x 5.0033) — (yr X
1919(6) 6.755) + 66.475
Females BMR (kcal/day) = (kg x 9.5634) + (cm x 1.8496) — (yr X
4.6756) + 655.0955
Harris-Benedict Males BMR (kcal/day) = (kg x 13.397) + (cm x 4.799) — (yr X
1984(8) 5.677) + 88.362
Females BMR (kcal/day) = (kg x 9.247) + (cm x 3.098) — (yr x
4.330) + 477.593
Schofield Males BMR (MJ/day) = 0.082 x kg + 0.545 x m + 1.736
g\é\)/eight and height)®™  3_10 years
Females BMR (MJ/day) = 0.071 x kg + 0.677 x m + 1.553
3-10 years
Schofield Males BMR (MJ/day) = 0.095 x kg + 2.110
(weight)(7) 3-10 years
Females BMR(MJ/day) = 0.085 x kg + 2.033
3-10 years

FAO/WHO/UNUD) Males 3—-10 years
Females 3-10 years

BMR (MJ/day) = 0.0949 x kg + 2.07
BMR (MJ/day) = 0.0941 x kg + 2.09

Oxford (weight)6) Males 3—-10 years

Females 3-10 years

BMR (MJ/day) = 0.0937 x kg + 2.15
BMR (kcal/day) = 23.3 x kg + 514
BMR (MJ/day) = 0.0842 x kg + 2.12
BMR (kcal/day) = 20.1 x kg + 507

Oxford Males 3—-10 years
(weight and height)6)

Females 3—-10 years

BMR (MJ/day) = 0.0632 x kg + 1.31 x m + 1.28
BMR (kcal/day) = 15.1 x kg + 74.2 x m + 306
BMR (MJ/day) = 0.0666 x kg + 0.878 x m + 1.46
BMR (kcal/day) = 15.9 x kg + 210 x m + 349

Maffeis(73) Males

Females

REE (kJ/day) = 28.6 x kg + 23.6 x cm — 69.1 x yr +
1287

REE (kJ/day) = 35.8 x kg + 15.6 X cm — 36.3 x yr +
1552

BMR = Basal metabolic rate; cm = centimetre; kcal = kilocalories; kg = kilogram; MJ = megajoules; m
= meter; REE = Resting energy expenditure; yr = years

It is difficult to establish the best formula for calculating BMR or REE because of

contradictory results. It has been suggested that additional factors such as BC,
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metabolic stress, muscle tone, medication, body temperature and population may
influence REE, and predictive equations should be applied to meet the characteristics
of the target group.(9 18. 64,65 Despite the recommendation that a single prediction
equation cannot be used across various groups and populations, there are no known

prediction equations available to determine the REE of black African populations.
2.2.2 Factors related to REE

Resting energy expenditure primarily depends on disease state, sex, age and growth,
as well as BC, particularly FFM and FM. Protein-energy status and PA are modifiable
factors that may affect REE, and several studies investigated population group as an
additional factor.(® 7. 7476) To accurately determine REE, it is essential to consider the
factors that may influence REE in children and to facilitate intergroup comparison.

Consequently, these factors will be discussed in more detail.

2.2.2.1 Disease state

Conditions that can lead to changes in muscle mass, e.g. chronic illness, anorexia
nervosa, or other factors associated with illness such as inflammation, malignancies,
neurological impairments and medication (e.g. medication to treat attention deficit
disorder, epilepsy, asthma, cardiac conditions, diabetes, medication that contains
caffeine or stimulants etc.), may increase REE. (63.64)

2.2.2.2 Sex, age and growth

Goran et al.(" performed one of the first studies to examine a large sample of factors
affecting REE in young children and found a significantly higher REE in boys
compared to girls. Many subsequent studies have confirmed these findings, and
added that the REE of boys remained significantly higher than in girls, even after
adjustments were made for differences in body size and BC.("> 7% A meta-analysis by
Hermann et al.(’® further reported that the absolute and relative REE for boys remains
higher than for girls at any specific age, with a linear increase in absolute REE as the
child ages. However, in contrast with their findings, many studies focusing only on
prepubertal children did not identify age as the strongest predictor of REE before the

onset of puberty.(7375)
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2.2.2.3 Phenotype

Phenotype refers to the observable features, including physical appearance or
symptoms, of a disease or condition caused by the interaction between genes and the
environment.””) Although research is still ongoing, it has been recognised that weight
status and BC may be determined by the interaction of various genetic, metabolic,
environmental and behavioural factors and are therefore often referred to as
phenotypic characteristics in health and nutrition-related research.(8 79 For this study,
body weight and size (anthropometric measures) and BC are collectively referred to

as phenotypic characteristics.

Phenotype has repeatedly been identified as a major determinant of REE.®2 76. 80)
Initial pioneer studies focused mainly on the influence of external anthropometric
features, including weight and height, but with the development of BC measurements,
research extended to the effect of body compartments such as FM and FFM on
REE.€0

Anthropometry

Anthropometry refers to the measurement of body size, weight and proportions and is
often used as an indicator of an individual's weight status that may be related to health
outcomes.®V) However, since absolute weight measurements are influenced by height,
body mass index (BMI) (body weight in kg divided by height in metres squares = kg/m?)
has been introduced as an index of weight status minimally affected by height. A BMI

between 20-25 kg/m? is considered a healthy weight for adults.®

For children, age and age-related growth need to be considered when assessing
protein-energy status and defining body weight categories. Consequently, age-
specific WHO growth reference data were developed for the interpretation of weight
and height measurements and to categorise BMI.®2 Measurements are compared to
the median of the WHO child growth reference and expressed as a z-score or SD of
the median. The z-score of most children is expected to be between -1 and 1 SD, with

cut-off values set at less than -2 SD and at 2 SD or greater.(%

For children aged 5-10 years, a set of reference data for a WFA z-score is available
and can be used to identify under- and overnutrition. Beyond the age of 10 years, the
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pubertal growth spurt occurs and WFA cannot distinguish between the effect of height
and weight on growth. Reference data are therefore not available beyond this age. A
set of HFA reference data is available for children aged 5-19 years. It can be used to
identify stunting (z-score < -2), whereas the BMI-FA reference data set can be used
to identify malnutrition, overweight or obesity. Although the WHO does not define a
healthy BMI, a BMI-FA greater than -2 SD of the median, and 2 SD or less of the

median, is associated with a lower health risk.®

Although body size and BMI are related to REE, it is specifically the FFM component
of body weight that has repeatedly been identified as the strongest predictor of REE.®
4 Since body weight and BMI measurements cannot distinguish between the weight

of FM or FFM,®3) BC analysis is advised when investigating factors related to REE.(%
64, 75, 76)

Body composition

Body composition refers to an individual’s body weight compartments, including (in the
context of a two-compartment model) that of FM (fat from brain tissue, skeletal fat and
adipose tissue) and FFM (water, protein and mineral components).4 It is generally
accepted that BC is a major determinant of REE, with the size of the metabolically
active FFM being the most significant.(!*. 75 76) Fat-free mass refers to total body
weight, including tissues and organs, excluding the weight of its fat mass.(¥ Although
organs account for only about 7% of body weight, they contribute to approximately
60% of TEE. Therefore, the organs are more metabolically active, i.e. the largest
consumers of energy at rest with the liver expending approximately 29% of TEE,
followed by the brain at 19% and skeletal muscle consuming approximately 18%.
Skeletal muscle and FM account for 35-40% of total body weight, while contributing
approximately 18-20% and 3-4% respectively to REE.“% 75 Several studies®? 75 76.
84,85 have confirmed that REE is related to FFM, with some(’476.8) indicating that FM
or the distribution of FM may influence REE. However, investigations on the

distribution of FM have been mainly performed on adults.

Although it is generally accepted that a correlation exists between FFM and REE, the
relationship is not stable and the REE per unit of FFM is not constant over the whole
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range of FFM.(% 87.88) This may be explained by the composition of FFM. Skeletal
muscle and organ mass differ substantially with respect to their masses and growth
rates, especially during childhood, as well as in their individual rate of energy
expenditure. Therefore, body size variations in REE are considered to be caused by
the proportional contribution of different organ mass and FFM and variations in organ
metabolic rate, i.e. diverse metabolically active organs within FFM.(18. 87) Additionally,
growth affects FFM composition (i.e. the metabolically active organs within FFM) and

further adds to variation in the REE-BC relationship.(%

These results confirm the importance of careful interpretation of REE measurement
results and suggest compartmentalisation of FFM when designing or interpreting
studies. Although in practice REE needs to be related to FFM in general for appropriate
interpretation, it is recommended that when REE is outside a population-specific +10%
prediction range (e.g. during malnutrition, obesity, acute or chronic disease states) the
REE should be related to a measure for distinguishing metabolically active FFM.®")

The gold standard method for determining BC is the four-compartment model, which
uses body weight, total body volume, total body water (TBW) and bone mineral
content. These measurements require costly, specialised equipment, however, and
are not feasible in many settings. Alternatively, various laboratory methods based on
two- or three-compartment models have been developed to measure BC in adults and
children, such as dual-energy X-ray absorptiometry (DEXA), hydrodensitometry
(underwater weighing), air-displacement plethysmography, and single- and
multifrequency BIA. These methods provide an indirect measure of BC based on
assumptions that convert raw data into measures of TBW, FFM, FM or body fat
percentage. Measurements needed for these calculations may vary greatly depending
on the method and the subject’s age, gender, race and health condition.®
Bioelectrical impedance analysis has gained popularity as a practical measure of BC
in field studies involving children, but the research area, especially for children, is still
evolving. Although BIA is susceptible to imprecision compared with the four-
compartment model, it is relatively inexpensive, simple, quick and non-invasive and it

is the method most generally used to determine BC in children and adults.®%-90
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With the BIA methods, a low-level, harmless alternating electrical current is passed
through the human body, and the impedance (Z), or opposition to the flow of current,
is measured with a BIA analyser. In the human body, lean tissue is a good electrical
conductor because it contains large amounts of water and electrolytes. Fat is
anhydrous and therefore a poor conductor. Electrodes are placed or held on the body,
spanning a region for measurement. The BIA device measures the impedance to the
flow of the current as it passes through the body. The opposition (impedance) to the
flow of the current varies from tissue to tissue. When the volume of water and
electrolytes is large, the current flows more easily through the body with less
resistance, i.e. low impedance. Fat and bone provide more resistance (R), i.e. high
impedance. Based on these measurements, BIA can provide estimates of BC

parameters by using prediction equations.®% %)

The use of different frequencies during BIA measurement allows for the division of the
estimated TBW into intra- and extracellular fluid, thereby improving the accuracy of
measurements. However, a systematic review by Chula de Castro et al.®® reported
that most of the BC equations available for children and adolescents were based on
the use of a single 50 kHz frequency. Consequently, most studies have used
equipment delivering a single-frequency alternating electrical current (50 kHz) to
enable the calculation of BC for children. Although it was reported that octa-polar
multifrequency BIA was superior to single-frequency BIA for the prediction of FFM in
children,®? only 5 of the reviewed studies used multifrequency BIA and the algorithms
used were not disclosed, thereby limiting the use of multifrequency BIA in subsequent

studies.

To date, although restricted to single-frequency, various validated equations are
available for the estimation of TBW, FFM, FM and body fat percentage among
children. However, these equations were developed based mainly on white population
groups and were less accurate when applied for different populations, ages and sex
groups.®d One known South African study@®82 on prepubertal black African children
was recently undertaken to determine the agreement between FFM measured by
DEXA and FFM calculated from prediction equations published in the literature. No
published equation was identified as being suitable to accurately estimate the FFM of

this population group, and consequently an equation, based on BIA at 50 kHz, was
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developed specifically for this population group. However, this SA equation was not
validated for use in the white population group. The systematic review by Chula de
Castro et al.®® and a study by Wang et al.®? to assess the validity of BIA estimation
in children, identified only two equations suitable for determining FFM in both African
American and white American children aged 6-9 years. These equations, provided in
Table 2-2, were also developed by using equipment delivering a single-frequency
alternating electrical current at 50 kHz. The FM can then be calculated by subtracting
FFM from total body mass. The equation developed by Morrison et al.(?? was restricted
for use in girls. Consequently, the equation by Horlick et al.®% is the only known
equation suitable to calculate FFM of boys and girls of African American and white

population groups.

Table 2-2: Prediction equations to calculate FFM of African American and white children aged 6-9

years
Pobulation Correlation between

Equation P o Equation for FFM predicted and measured
characteristics values

Horlick et al.®®  4-18 years, African [(0.459 x H/R) + (0.064 x W) +
American, white 3.474]/[(0.769 — (0.009 x age) . ficient =
— (0.016 x sex)] Regression coefficient = 0.99

Sex: Male = 1; Female = 0

Morrrison et al.?? 6-17 years African (0.78 x HY/R) + (0.1 x X) +
American females (0.18 x W) — 8.78

6-17-years white  (0.56 x H%/R) + (0.06 x X) +
females (0.34 x W) — 6.41
H = body height in cm; R = resistance in Q; W = body weight in kg; X = reactance in Q

Regression coefficient = 0.99

Regression coefficient = 0.99

Traditionally, FM has been expressed as a percentage of body weight, while FFM was
referred to as an absolute weight, unadjusted for size. Percentage FM and the weight
of FFM were then interpreted within the context of age or weight.(4-%) |t was soon
realised, however, that this approach was inappropriate. Fat mass expressed as a
proportion of body weight may not distinguish between an individual with a higher body
weight and more FM versus a low body weight and less FM. Additionally, absolute
FFM did not allow for between-subject comparison. Consequently, the concepts of
FMI (FM[kg]/height[m?]) and FFMI (FFM[kg]/height[m?]) was introduced to express fat
and lean components relative to an individual's height. This approach not only allows

for the evaluation of FM and FFM relative to body size, but also enables comparison
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between individuals or groups.®® Therefore, using FMI and FFMI may provide a better

indication of the effect of BC components relative to body size on REE.

Age-based reference standards for FFMI and FMI have been developed for
American®* °7) and European children.®® However, reference data differ
considerably. This may partly be due to the complexity of accurately measuring BC in
children as well as methodological differences in determining BC. Additionally,
population variability in body size and BC may affect indices and, thus, the

development of population-specific reference standards have been proposed.®®

2.2.2.4 Population group

The use of the terminology “race” versus “ethnicity” in health research has been an
ongoing debate.® 4199 The concept of race is often used to represent social, biological
and genetic differences. Therefore, classification based on race generally refers to
characteristics such as genes, skin colour and other observable features, but is not
independent from social aspects.® 4 Many social scientists oppose this classification
of people based on physical characteristics or ancestral origins, since the concept is
historically variable and depend on a multitude of economic, political, social and
cultural practices. Scientists therefore often prefer the use of the term “ethnicity” over
‘race”. Ethnicity refers to a self-consciously selected grouping based on shared
cultural practices, including language, diet, religion, values and norms. In health
research, this concept captures environmental, cultural, behavioural and socio-
political experiences that may affect disease aetiology and response to
interventions.“!) However, it is argued that there are genetic variations that overlap
with ancestral origin that may not be reflected by the definition of ethnicity.@ 49
Although the classification of race and ethnicity can be deceptive, these definitions
have great potential value in healthcare, especially in multi-ethnic societies, to reveal

and resolve inequities that involve different population groups.(®: 100)

In nutrition research, historical and persistent differences in food systems have
contributed to inequalities that resulted in variations in protein-energy status. Many
studies have indicated differences in body size and composition, reflecting racial or
ethnic disparities.®* 100 However, the fact that interconnected biological and
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sociological pathways may affect nutritional outcomes often presents a dilemma when
it comes to referring to either race or ethnicity.(°%

In SA, the apartheid regime resulted in numerous racial or ethnic disparities, with many
black Africans having insufficient access to public services such as healthcare or other
economic activities. Since race and ethnic groups originally clustered together, it is
difficult to distinguish between the contributory role of genetic versus the social,

cultural, economic and political factors that led to these disparities.(102-104)

The term “population health” has been suggested to describe the health outcomes of
populations as influenced by a combination of interrelated factors, including the social,
economic and physical environment, individual practices, biology, childhood
development and health services.®% In SA, the term “population groups” is also often
used to describe race and ethnic groups,1®) and this term will therefore be used

throughout this study to describe and classify participants.

It has been identified by many studies over the past few decades that population group
(mainly determined by self-report or parental report) may influence REE. (7. 19-21, 106, 107)
These investigations initiated in North America and have to date focused primarily on
African American and white American adults. Accordingly, there is sufficient data to
conclude that the REE of African American populations is lower compared to white
Americans. Adjustments for body size, BC and environmental factors such as SES do
not completely explain these findings.("- 21 106, 107) However, some researchers are of
the opinion that this conclusion arose from inappropriate study designs with
incomplete models of BC, suggesting that the lower REE observed among African
American individuals may be mediated by a relatively smaller volume of metabolically
active organs.(18 38.86.107) The primary cause of differences in REE may therefore be

due to differences in compartments of FFM with varying metabolic rates.

More recently, investigations expanded to Sub-Saharan Africans have indicated a
significantly lower REE in black African than white adults. Sub-Saharan black Africans
are expected to have a lower degree of European ancestry than African Americans,
and it is hypothesised that individuals with a higher degree of African descent may
have lower REE even when adjusted for differences in body size and BC.? 13) The
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study undertaken by Manini et al.!3 examined the REE of older African Americans
and determined the contribution of European ancestry through single nucleotide
polymorphisms. They concluded that European ancestry was significantly related to a
higher REE. They predicted that every percentage increase in European ancestry
would increase the mean REE by 1.6kcal (6.7 kJ) per day and that those with pure
African ancestry could have a lower REE of 160 kcal/day (672 kJ/day), when
compared to pure European ancestry. Similarly, Adzika®? found that the REE of Sub-
Saharan black Africans was significantly lower when both adjusted and unadjusted for
BC compartments. Another study conducted in SA by Olivier et al.,(1 also indicated
that black African overweight women had a significantly lower REE than white
overweight women (generally accepted as European ancestry) by as much as 585 and
860 kJ/day (139 and 205 kcal/day) when adjusted for FFM and BMI, and FFMI
respectively. In contrast, Dugas et al.1%) conducted a study on 44 black African and
white SA women who were lean and obese and found no significant difference in REE,

but they stated that a small sample size may have affected their results.

Studies that performed investigations on children to determine differences in REE
between population groups are restricted to the African American and white
populations and have delivered mixed results. Although many studies identified a
lower REE in African American than white children,® ° 21.22) some studies found no
significant difference.? 8% Broadney et al.? indicated that the REE of African
American children was lower than white Americans when adjusted for total lean mass
(skeletal muscle and organ mass). However, they argued that specific compartments
of lean mass may account for these differences. When adjusted for compartment-
specific lean mass (by controlling for trunk lean mass or appendicular lean mass), the
differences in REE were no longer statistically significant. Another study by
Tershakovec et al.(1%) found that after accounting for total FFM (as well as age, sex
and FM), African American children demonstrated a 111.2 kcal/day lower REE than
white American children, but after accounting for trunk lean mass, the difference
declined to 76.6 kcal/day. However, it is important to recognise that even small
differences in REE, may lead to inaccurate estimation of dietary requirements, thereby

increasing long-term accrual of energy stores and obesity or vice versa.(®3 110
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No known studies have been undertaken to determine REE in children in Sub-Saharan
Africa and whether this differs between population groups. Many discrepancies in
findings regarding population and racial differences in REE, especially for children, still

exist and necessitate further investigation.0°)

2.2.2.5 Physical activity

Physical activity is a modifiable component of TEE that can greatly affect energy
balance and consequently the health of an individual. Over the past decades, there
has been a rapid decline in PA associated with modernisation. A behavioural shift has
occurred from traditionally active lifestyles to more industrialised sedentary lifestyles,
often referred to as the “PA transition”.11) The WHO classifies physical inactivity as
the fourth largest cause of global mortality and a major determinant of chronic
diseases.® In SA, there is currently a concern for the health and wellbeing of children,
in part due to habits of physical inactivity and sedentary behaviour. Fifty percent or
more of SA children are not meeting recommended PA levels,®® with children from

black African population groups having lower PA levels than white children.(27-29)

Physical activity refers to any bodily movements, both voluntary and involuntary,
produced by the contraction of muscles resulting in increased energy expenditure.
Exercise is considered a component of PA and refers to a voluntary and more vigorous
type of PA with a greater effect on energy expenditure than lower intensity PA. Energy
expenditure can rise many times over REE during PA and exercise, and the effects of
an exercise bout on REE can last for hours or days.®“% A systematic literature review
by Speakman and Selman®”) reported that PA may have two distinct effects on REE:
Firstly, PA training may result in muscle growth and increased FFM that will result in a
higher REE. A second effect may result from the influence of PA on metabolic
processes that may influence REE. These metabolic effects may occur both over
shorter periods following single bouts of exercise and in the long term due to
physiological changes as a result of prolonged periods of exercise. The short-term
effects would change REE immediately following a bout of PA over a time period too
short to involve alteration in lean muscle tissue. Typically, this effect lasts 10-90 min
after an exercise bout.*® Such changes in REE following single exercise bouts have
been termed the excess post-exercise O2 consumption (EPOC).®" The second phase

is called slow or long-term EPOC, which is a slight elevation in VO2 that can last up to
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48 hours.“® The magnitude of the long-term effect appears to be approximately 5—
10% of the REE. Although the percentage may appear small, the effect can be long-
lasting and consequently be a significant percentage of the total energy cost of the
exercise bout. Therefore, more energy can be expended following the exercise than

during the exercise event itself.3”)

Some evidence®'? indicates a relationship between exercise intensity and frequency,
and the effect on EPOC. Higher intensity exercise at greater than 50-60% of maximum
capacity could stimulate a linear increase in EPOC as exercise duration increases,
resulting in a prolonged EPOC (3-24 hours). The exercise and related EPOC effect
should therefore be considered during the measurements of REE. Frankenfield and
Coleman®13) evaluated the immediate effect of very-light-intensity PA on REE and
concluded that 30 min of rest is required for REE to return to baseline after very-light-
intensity PA, such as walking a distance of 300 metres. However, there are no known
studies that have evaluated the effect and duration of increased REE after light-
intensity PA and MVPA.“® More research is required on the type and duration of

activities prior to REE measurements.“8)

The effect of PA on energy expenditure, i.e. the direct effect on AEE, is relatively small
in relation to total daily energy demands. In theory, exercise interventions do not
sufficiently increase TEE to alter the energy balance and reverse obesity, ¢ however,
practical experience suggests that exercise programmes are successful at producing
and sustaining weight loss. This suggests that there are additional effects of exercise
on energy balance that amplify the effects of the energy expended on the exercise
alone. A suggested mechanism may be a lasting positive effect of PA on REE that
may increase the energy imbalance above that generated by exercise alone.G?)
Research on the lasting effect of PA on REE is very limited. Nevertheless, it has been
identified that habitual PA, including habitual aerobic and resistance training, may
influence REE independent of differences in FFM, even when the effect of EPOC is
excluded.®”) Gilliat-Wimberly et al.(14 investigated the effects of habitual PA on the
REE of women and concluded that REE adjusted for FFM was significantly higher in

active women compared with sedentary controls.
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Shook et al.®® investigated the differences in REE between African American and
white women, adjusting for differences in BC and levels of fitness and MVPA. The
study concluded that African American women spent significantly more time in
sedentary and light activity and less in MVPA. A lower REE was observed among
African American women, which may partially be explained by a lower fitness level.
While fithess may be associated with increased PA,® no association was found
between MVPA and REE. Although these studies suggest a relationship between
fithness and REE, there is limited research on the relationship between PA and REE,
and further research may be required to better understand the influence of PA on
REE.(®

2.3 PHYSICAL ACTIVITY
2.3.1 Measurements of PA

An increase in the energy expended during PA (AEE) is an imperative factor to
consider when determining the energy required to achieve energy balance and
support healthy growth and development in children.(® 40 However, the accurate
measurement of PA and the related energy expenditure is challenging. Doubly labelled
water and IC can be used to determine AEE, but measurements are expensive and
are confined to the limited space of metabolic chambers that does not represent an
individual’'s PA in a free-living environment.®® Consequently, it became increasingly
popular to measure involvement in PA, as instruments are markedly cheaper,
unobtrusive and allow investigators to categorise the intensity of the activity. Although
these PA measurements do not measure actual energy expended (the AEE), they can
determine PA habits and trends related to health maintenance or disease. A variety of
measurement instruments such as motion sensors (e.g. accelerometers and
pedometers), observation booths, heart rate monitors, questionnaires and activity
diaries are available to capture current and past activity, steps, frequencies,
accelerations or counts. Yet, PA is a complex and multi-faceted construct, and there
is no recognised “gold standard” technique for accurate measurements.
Furthermore, the limitations concerning measurement accuracy are often amplified in

children due to the cognitive, physiological and biochemical changes that occur during
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growth and development, along with their more intermittent activity patterns.@% 115 |n
children, up to 96% of activity bouts are shorter than 10 seconds, with the majority
lasting between 3 and 22 seconds. This has numerous implications for all aspect of
measurements, processing and interpretation of PA data in youth, including data
sampling, frequency and length of measurements and where to place activity monitors.
The choice of the most accurate and suitable instrument therefore depends on

numerous factors such as affordability, sample size and age of participants. 115

Since no single method is able to quantify all aspects of PA under free-living
conditions, the use of multiple complementary methods with a combination of an
objective and subjective approach, is recommended. (0 115

2.3.1.1 Objective measurements of PA
Motion sensors are movement-based techniques that present a good, inexpensive
objective method for measuring PA. The two most commonly used movement-based

devices are accelerometers and pedometers. 0. 116)

An accelerometer is an electromechanical device that detects acceleration forces of
the body, generally worn on the waist or upper arm for a number of days. Acceleration
forces may be static, such as the constant force of gravity, or they could be dynamic,
caused by movement or vibration of the accelerometer. By measuring the amount of
static acceleration forces due to gravity, it can be determined at what angle the device
is tilted. At the same time, the dynamic acceleration forces can be measured to
determine the way the device is moving. These acceleration forces can indicate the
rate of change in velocity over a given time, expressed as multiples of gravitational
force and can be used to determine frequency, intensity and duration of PA over an
extended period of days or weeks. Accelerometers generate an output in the form of
“‘counts” per unit of time. These counts can be converted to AEE units with the use of
prediction equations.G% 116) Technological advancement in accelerometers has
increased the popularity and accessibility of this method, and it is often the preferred
objective approach for assessing PA volume and intensity with minimal discomfort.(0
Although accelerometery has enabled PA to be measured more accurately than
subjective methods in both adults and children, it has some limitations. A review by

Sardinha and Judice® on the validity of different motion sensors to estimate AEE
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and TEE compared to DLW in adults and children concluded that motion sensors may
be a valid method to determine AEE and TEE at group level, but individual bias is very
high. Although less expensive than DLW and calorimetry, accelerometer devices are
costly (approximately R40 000 [$2 650] per unit and an additional R20 000 [$4 000]
for software) and may often not be feasible for assessing the PA and AEE of large
numbers of participants, especially in resource-limited settings.

Alternatively, pedometers are increasingly being used as an objective tool to assess
PA in children.®1") Pedometers are typically worn on the hip or ankle and devices are
small, easy to use, unobtrusive and relatively low in cost at approximately R800—
R3000 (+ $50-%$200) per unit. Although pedometers cannot differentiate PA intensity
and therefore cannot be used to determine AEE,(115 118) they can provide a simple
means of tracking PA by registering the number of steps during walking or running.
This standardised steps/day unit of measurement allows universal interpretation and
facilitates reliable cross-population comparisons. Pedometers measure vertical
displacement only from ambulation, thus some types of activities such as bicycling and
swimming or sedentary activities such as the playing of computer games are
missed.(% 118) However, walking is the most commonly reported PA and steps/day
indices are considered an effective and accurate measure of habitual PA.(#?)

A large and increasing number of pedometers are available and devices may vary
greatly in accuracy. Many research-grade pedometers use either spring-levered or
piezoelectrical accelerometer mechanisms. Spring-levered pedometers are most
commonly used and contain a spring-suspended horizontal lever arm that moves up
and down in response to vertical acceleration of the hip during ambulation. This
movement opens and closes an electrical circuit; when the lever arm moves with
sufficient force, above the sensitivity threshold of the pedometer, the lever arm causes
electrical contact and a step is registered. Piezoelectric pedometers contain a
horizontal cantilevered beam with a small weight on one end. When subjected to
acceleration above the sensitivity threshold, the weight compresses a piezoelectric
crystal; this generates a voltage proportional to the acceleration and the voltage
oscillations are used to record steps. This type of pedometer is not affected by

pedometer tilt, and therefore may be less prone to error than lever arm pedometers.
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They are also more sensitive to vertical accelerations, meaning that they can record
steps more accurately in slow walking than spring-levered pedometers.(118)

Several studies have assessed the accuracy of pedometer measurements in
children.®8. 119 Although some evidence suggests that pedometers with a
piezoelectric mechanism are more accurate, the majority of pedometer validation
studies in children aged 5-12 years were undertaken on the spring-levered Yamax
pedometer (Yamasa, Japan). This is considered the gold standard in the literature and
has been used in many large-scale studies to assess activity in children.(118.120-122) The
accuracy of the Yamax pedometer has been measured at many walking speeds,
against ascending and descending stair climbing and bench stepping, and has been
found to be a reliable and accurate tool with a correlation coefficient of 0.85 and 0.80

for boys and girls respectively when compared with accelerometery.(118)

A general problem with all pedometers is the underestimation of steps taken when
moving very slowly (< 60m/min), or due to the tilting of the pedometer by the stomach
when worn by adults with obesity.®9 The practical significance of this finding when
measuring step-count in children has been questioned since children tend to walk
faster, and speed-related pedometer error may therefore not be relevant for children.
It was also found that the style of waistband on their clothing is likely to be the largest
determinant of pedometer tilt, and children with loose-fitting clothing may experience
a reduction in pedometer accuracy, especially when spring-levered pedometers are
used. Securing the pedometer to a belt could minimise errors associated with
pedometer tilt.11® Additionally, the number of steps taken can be manipulated,
especially by young children who may regularly look at the number of steps and try to
alter the “typical” pattern. To avoid or discourage such manipulation, researchers often
tape over the device to reduce any feedback based on step count.®% Another issue
with pedometers is that many devices do not have the ability to store time, thus
duration and intensity of a discrete activity at a specific time cannot be identified,
making it nearly impossible to extrapolate or convert steps into energy expenditure. It
is recommended that output should therefore be expressed only as steps/day and
further inference of distance or energy expenditure may not be appropriate. (15 118)
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Recent interest in the use of pedometers includes the relevance of cut-points, in
particular their equivalence to activity recommendations and energy expenditure in
populations. Since walking is the most commonly reported PA, step-count can provide
a simple and affordable means of tracking daily PA and the need arose to express
public health recommendations in terms of steps/day.®? Although this field is still
developing, many studies have explored the PA and steps/day indices associated with
health outcomes.(30-32, 119, 123-125) Tydor-Locke et al.®? used data from a range of
studies to categorise PA levels based on step-count. They acknowledged that
although pedometers cannot discriminate PA intensity on their own, they do provide a
simple, affordable and reliable means of tracking PA expressed as a summary output
of steps/day. Consequently, preliminary pedometer-based steps/day guidelines
related to a healthy body weight in American children were developed.®? Qualitative
descriptors varying between “copper” and “platinum” were used instead of “sedentary”
to “highly active”, in an attempt to differentiate between adult and youth

recommendations (Table 2-3).

Table 2-3: Potential steps/day youth indices®?

. , Girls 6-12 years: Boys 6-12 years:
Qualitative descriptor
Steps/day Steps/day

Minimum level; Copper < 7000 <10 000

Bronze 7000-9499 10 000-12 499
Silver 9500-11 999 12 500-14 999
Gold 12 000-14 499 15 000-17 499
Platinum =14 500 =17 500

Tudor-Locke at al.®? further identified the need to refine guidelines, since step-count
may be influenced by population group, age, sex, geographic location, climate,
season, to name but a few. Vincent et al.(1?® reported step-count data on children aged
6—12 years in Australia and Sweden. Results showed that mean values ranged from
15 673-18 346 and 13 864-15 023 steps/day for boys in Sweden and Australia
respectively. Girls averaged between 12 041 and 14 825 and 11 221 and 12 322
steps/day in Sweden and Australia respectively. American boys averaged between
12 554 and 13 872 and girls between 10 661 and 11 383. A SA study®? reported an
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average number of steps per day of 7988 for girls and 10 504 for boys in an urban
setting. The Canadian Physical Activity Level Among Youth (CANPLAY) developed a
unique database for step-defined PA, based on pedometer data of over 43 300
children and adolescents collected between 2005 and 2014. Based on their data of
average daily step-count, 13 000-15 000 steps/day for boys, and 11 000-12 000
steps/day for girls aged 6-11 years are recommended to meet the equivalent of the

WHO recommendations of approximately 60 min per day of MVPA.GL 119)

Evidently, there is still much need for additional research to ensure widespread
acceptance of pedometers for PA measurements and for population-specific
evidence-based steps/day indices associated with important health-related outcomes.
Nevertheless, pedometers may often be the only reasonable tool to employ in larger
studies and evidence suggests that in children above the age of 5 years, pedometers

provide a valid and reliable objective measure of ambulatory activity.( %)

The optimal monitoring frames to detect habitual activity with pedometers in youth
have yet to be determined. The most common monitoring frame used in surveillance
studies has been seven consecutive days, thereby capturing both weekdays and

weekend days in the monitoring period.®18)

2.3.1.2 Subjective measurement of PA

Subjective measures are considered indirect methods to assess PA and are often
used due to their relatively low cost and low participant burden.@% 36 Subjective
methods may include a range of approaches that usually involve the individual
recording their own activity. Typical subjective methods may include PAQs, interviews,
surveys and activity diaries. Each approach may assess different dimensions of PA
with a variety of outcome measures and are associated with their unique strengths
and limitations.(% 39) |t is well recognised that subjective assessments may include a
relatively high degree of error since several factors can affect reported PA, including
bias, error and the age and functional status of an individual. Common challenges with
subjective methods include the cognitive tasks associated with recall, participant
burden and lack of compliance in the completion of diaries, the inability to distinguish
between intensity levels of PA and dependence on response rate, to name a few. %

36,126) |n children, the use of subjective methods may hold the extra limitation that a
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child may be less able to recall their PA, possibly due to their intermittent and variable
activity patterns that may be harder to remember and their differences in cognitive and
linguistic ability by age may also play a role. Furthermore, children find the task of
capturing activities very complex, making the use of activity diaries inappropriate. The
validity of self-administered methods in children can be increased by interviewer-
administered methods or having an adult check the completion of a self-report
guestionnaire, however overall the validity of these methods to determine AEE
remains poor. Subjective methods are therefore more valuable for monitoring activity
levels, or assessing the activity settings and activity behaviours and their
determinants, which cannot always be determined with objective methods.(% 115

Physical activity questionnaires are the most widely used subjective approach to
monitor PA levels and behaviour. A variety of PAQs have been designed to capture
various activity parameters with varying degrees of reliability and validity.®% Many
studies(®6 117. 127-129) haye identified the PAQ-C as a reliable tool for children aged 6—
12 years. The PAQ-C has also been successfully used in SA studies to investigate PA
in urban-based SA primary school learners.®: 33 The PAQ-C has demonstrated good
test-retest reliability and internal consistency, including internal consistency among
ethnic groups (ICC = 0.96).(12") However, due to the poor validity when compared with
accelerometery (r = 0.311, p < 0.01),127 it is advised that the PAQ-C should be used

in conjunction with an objective movement-based device.(*27. 129, 130)
2.3.2 Factors related to the PA of children

The PA of children is a complex behaviour influenced by a variety of interrelated
multifactorial environmental, demographic, biological, social and psychological
influences that may include both modifiable and non-modifiable elements. Several
studies and systematic reviews have been conducted to determine correlates
associated with young children’s PA as discussed below, however, it is often difficult

to discern specific influences.(111. 131, 132)

2.3.2.1 Age and sex
Several studies have identified differences in PA between prepubertal boys and girls.
A systematic review by Muthuri et al.(*?) identified higher levels of PA in Sub-Saharan
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black African boys than girls between the ages of 5-17 years, irrespective of age.
Likewise, the SA study by McVeigh and Meiring®” concluded that time spent on PA
was consistently lower for girls than boys aged 6-18 years. Van Biljon et al.(?9
investigated the PA of primary school learners across SA and also identified that boys
had higher PA levels than girls and PA levels declined with age from 11 years. A similar
effect of age on PA was identified by the review of Sallis et al.(*32 who concluded that
age was not related to PA in younger children between the ages of 3 and 12 years

and that age-related differences in PA emerged during the adolescent years.

2.3.2.2 Phenotype

Overweight children are less likely to engage in PA and exercise than their non-
overweight peers.@”. 133, 134) The study by McVeigh and Meiring?”) on SA children
during the 12 years of schooling (aged 6—18 years) identified that time spent in
sedentary activities was significantly and positively correlated with body weight across
all race groups (white: r = 0.22, p<0.001; black African: r = 0.37; p=0.001) and the
strength of the association was similar between boys and girls. Similar findings were
reported for African American and white children.®3% Generally, hindrances to PA
among children with a higher body weight may include lack of access to resources,
social constraints, low fitness levels and body-related barriers associated with a higher
body weight such as self-consciousness when being active, body dissatisfaction or
having lower self-efficacy. Other aspects could include victimisation, less substantive
peer networks for overweight children and bullying leading to isolated sedentary

activities. (@7, 133, 134)

2.3.2.3 Population group

Many studies, including SA studies have identified that children from white population
groups engage in more regular PA and less sedentary activity than children from other
populations, including black African groups.®?* 28) Sallis et al.(*3? found no significant
difference in PA between population groups at a younger preadolescent age, but
during the adolescent years the PA of white population groups was consistently higher

than for other population groups.

It has repeatedly been identified that the variations in PA between population groups

may be caused by a variety of interrelated factors. The review by Eyre et al.?¥
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identified that factors such as SES and phenotype may cause variations in the PA of
population groups. The study by McVeigh and Meiring®”) reported that both cultural
and biological factors may be a cause for variations in PA levels of various population
groups in SA. Population groups are social constructs and groups tend to cluster in
similar sociodemographic regions. Behavioural and SES factors may influence PA and
it may be difficult to determine the independent effect of population groups in itself.®
29,30) Additionally, in many black African communities, obesity and overweight may still
be considered a sign of good health, beauty and wealth and PA may not be considered
a priority.(3% The level of PA in these communities may therefore be more of a cultural
determinant associated with SES, rather than population group.®?® Caprio et al.® also
explained in their consensus statement that cultural perceptions of obesity and
perceived ideal body weight may affect PA habits. African Americans generally have
a higher ideal body weight than white populations and this perception of mothers may
affect diet and PA behaviour in their children. Changing cultures associated with
urbanisation, along with changes in preferences and exposure to food and PA or other
leisure activities (exposure to television [TV]) may further influence engagement in
PA.(3' 27)

2.3.2.4 Socio-economic status

In LMICs, children from a higher SES are usually engaged in lower levels of PA and
display more sedentary behaviour.@8 111) Higher activity levels in children from lower
SES are associated with the demands of informal, survival activities such as
household chores and walking from place to place (i.e. lower access to motorised
transport) with less access to sedentary activities such as TV and computer activities,
whereas their more privileged peers may have access to formal, organised sporting
activities, but also more motorised transport, TV watching and screen games.(1. 135
Higher SES in LMICs is generally positively related to parental education. Parental
education level can be categorised as a higher education qualification including any
college degree, a bachelor or postgraduate degree, whereas a lower education level
may include high school completed, some high school completed or less than high
school.®1 In contrast, the study by McVeigh®® found that SA children falling into the
highest SES quartile had mothers with the highest educational levels, were highly

physically active and were less engaged in sedentary activities. There were higher
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levels of low activity and high TV watching time among lower SES groups. These
findings are in line with reports from studies in high-income countries where children
of a higher SES generally have the highest levels of PA. These differences are often
attributed to parental education and influence since parents with a higher level of
education and health awareness act as role models and are responsible for instilling
the value of PA in their children.?7. 131)

When considering these variations in the effect of SES on PA, it is important to
acknowledge that various levels of SES, including maternal, household and
community levels, may influence the health-related behaviour of children in various
ways.(139) SES-related factors are often difficult to identify and may permeate every
aspect of life. Data on household SES are often limited to self-reported parental
education and income levels. These indices of parental education and income levels
may fail to fully convey the complexities of SES and social class. One definition of
social stratification is the unequal distribution of privileges among population
subgroups. The focus on income and education can therefore mask major underlying
disparities in material resources, e.g. a car and a house and accumulated wealth.
Furthermore, access to resources and services may not be equivalent for a given level
of education and income. Differences in neighbourhood may influence PA due to
varied access to PA, the lower perceived safety of the surroundings or the quality of
local schools, which affect access to physical education classes, sports facilities and

extramural sports activities.(®3%)

2.3.2.5 Built environment

Worldwide, the obesity epidemic has been closely linked to an obesogenic
environment in which labour-saving technologies and leisure options promote an
inactive lifestyle.®3 11) Sub-Saharan Africa, including SA, is still undergoing rapid
urbanisation, which has led to the replacement of an economy based on physical
labour, with one dominated by industry and mechanised manufacturing. This has
resulted in shifts in habitual and work-related PA from high-energy expenditure
activities such as active transport and manual labour, to low-energy expenditure
activities or sedentary behaviour e.g. motorised transport and desk work. Both
subjective and objective measures of PA have found that rural children are more active

than urban.(11. 135
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Additionally, the school environment is considered a significant factor that may
influence the health-related behaviour, including PA involvement, of young children.“3
141, 142) Children spend a great amount of time at school and the school built
environment is therefore often used to describe access to PA facilties and
opportunities that may enhance the PA of children.3® The school built environment
refers to anything external to the individual and man-made, such as buildings,
amenities, areas or equipment within the school’s boundaries.“> 141 142) Although not
part of the school environment, additional environmental components in the school’s
surrounding neighbourhood, such as threatened personal and road safety, higher
traffic density or urbanised communities may further affect the PA levels of school

children due to inactive commuting, leading to a reduction in PA.(142)
24 CONCLUSION

To determine the relationship between the REE and PA of different sex categories and
population groups, it is essential to measure of REE and PA accurately. Indirect open-
circuit calorimetry is a practical, relatively affordable and the most widely employed
method used to determine REE in adults and children. An evidence-based protocol,
including measurement prerequisites is required to ensure participants can achieve a
resting state to reflect an accurate REE. Since IC is not feasible in all practical settings,
prediction equations are used as an alternative method to determine REE; however,
the accuracy of these equations varies across population groups and further
population-specific research is required for the development of appropriate prediction

equations.

The accurate measurement of PA can be challenging, since PA is a complex construct
and there is no recognised “gold standard” technique for measuring it. Children have
erratic PA patterns, contributing to the complexity of measuring PA during childhood.
Nevertheless, a worldwide PA transition exists and understanding the PA levels of
children is important to ensure appropriate interventions to improve the health of future
generations. Pedometers are generally accepted as a relatively accurate and cost-
effective way to objectively determine PA in children, especially when the PA of larger
groups needs to be assessed. However, the use of subjective methods along with

objective measures of PA is advised to add insight into PA level. Although PAQs may
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involve many limitations, the PAQ-C is accepted as a reliable tool to subjectively
assess the PA of young children that was successfully implemented in previous SA

studies.

When studying the REE and PA of different sexes and population groups, it is further
important to consider influencing confounding factors such as age, the environment,
SES and phenotypic characteristics to allow for objective and appropriate intergroup

comparisons.
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CHAPTER 3: RESEARCH DESIGN AND METHODS

A description of the research design, a detailed explanation of the research
methodology and a summary of ethical and financial considerations will be provided
in this chapter, as shown in Figure 3-1.
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| INTRODUCTION
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Figure 3-1: Outline of chapter 3
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31 INTRODUCTION

This chapter will discuss and explain the methodological approach of the research
project. It assists in “setting the scene” for the research study, including the study
setting, description of the population and the sampling procedure. The chapter further
provides an overview of each measurement instrument and how it was used during
fieldwork for the collection of accurate, reliable data to meet the study objectives. Key
variables that were measured included contextual factors, i.e. the school built
environment and SES of participating households and phenotypic mediating factors
i.e. anthropometric measurements and BC, all of which were expected to influence the
outcome variables, i.e. the REE and PA of participants. Furthermore, the procedures
followed for data management and statistical analysis will be explained, and ethical

considerations will be presented.
3.2 RESEARCH DESIGN
3.21 Study method and design

The study was observational in nature with no intervention, thereby providing the best
possible scientific evidence to gain an understanding of the factors related to REE in
young SA children of different populations. A cross-sectional, analytical design
incorporating quantitative research methods to permit statistical analyses of the data
was used to examine, describe and compare the following in 6-9-year old black
African and white SA children attending two primary schools in the City of Tshwane

metropolitan area:

o Contextual factors including school built environment and SES

o Phenotypic mediating factors:

. Anthropometric data including WFA z-score, HFA z-score, BMI-FA z-
score

o Weight categories according to WHO classification®°)

o BC measured with BIA to calculate FFM with a prediction equation; and
calculations of FFMI, FM, FMI
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o REE

o Measured with IC
o Predicted with equations
o Agreement between measured and predicted REE to describe the

appropriateness of prediction equations

o Average steps/day (objective) measured with pedometers

o PAQ-C activity score (subjective) before (PAQ-C-before) and after
(PAQ-C-after) objective PA measurement; and average (PAQ-C
average) calculated from PAQ-C-before and PAQ-C-after

o Relationship between the average steps/day and PAQ-C average score

to describe the accuracy of objectively measured PA
o The relationship between each phenotypic variable and:

. measured REE

o average steps/day
o Relationship between measured REE and average steps/day

The observational, cross-sectional research design permitted the measurement of
multiple outcomes of individuals, the comparison of outcomes (REE and PA) between
groups (sex categories and population groups) an exploration of the relationship
between mediating factors and outcomes in a cost-effective way, within a limited time
frame in the study context.(!36. 137) Although cross-sectional studies are generally
considered economical and useful for exploring public health needs, they have the
potential to include measurement error and bias.(*3”) Consequently, careful
consideration was given to ensure the use of standardised procedures and
instruments to improve the accuracy of measurements, which will be discussed in

more detail later in this chapter.
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3.3 RESEARCH METHODOLOGY
3.3.1 Study setting, population and sampling

3.3.1.1 Study setting

The patrticipants for the study were recruited from two primary schools in the City of
Tshwane metropolitan area. Children in SA attend primary school at the age of 6-13
years, with Grades 1-3 including children mainly between the ages of 6 and 9 years.
The two schools were purposively selected based on their attendance of mainly black
African and white SA children, their urban location, their similar access to PA
opportunities during and after school and the predominantly homogenous SES of the
schools and of families who generally enrol their children at these schools. School A
accommodates approximately 260 learners in Grades 1-3 with mainly, but not
exclusively, white SA children attending the school (based on communication received
from the school administration: > 85% white, £10 % black African; + 5% other
population groups). School B accommodates approximately 190 learners in Grades
1-3 with mainly, but not exclusively, black African SA children attending the school
(based on communication received from the school administrator: 88% black African;
7% white; 5% other population groups). School A is a quintile 5 government school,
i.e. considered among the upper 20% in the City of Tshwane in terms of economic
affluence.(38) School B is a private school. In SA, private schools do not normally
receive financial support from the government. School fees are consequently higher
and therefore typically attract families from a higher SES. 39 Children attending school
A or B could therefore be expected to have a similar socio-economic background.

Both schools are situated in the urbanised region of the City of Tshwane metropolitan
area, east of the central business district, in Gauteng, SA, approximately 2km apart
and within close proximity to the University of Pretoria, thereby allowing convenient
access for both the researcher/assistants and participants (Figure 3-2).
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Figure 3-2: Location perspective of the University of Pretoria and the two selected schools in
Tshwane, Gauteng, SA140

A suitable venue (Figure 3-3), where equipment could safely be stored, was used in
the Department of Consumer and Food Sciences at the University of Pretoria where

the researcher was based.

Figure 3-3: Venue at the University of Pretoria Old Agricultural Building
(Research assistant left; researcher right)
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Measurements (including PAQ-C-before, anthropometric measures, BIA and REE) for
children who attended School A were taken before school at this venue. Follow-up
measurements i.e. monitoring of step-count and completion of the PAQ-C-after, were

taken after school on the premises of the aftercare centre of school A.

All measurements of children attending school B were taken on the premises of the
school. The school provided their boardroom where measurements were taken before
school and where equipment could be stored (Figure 3-4). The monitoring of step-
count and the completion of the PAQ-C-after were performed after school on the
premises of the school, mainly at the aftercare centre or on the sports fields where

children spent their afternoons.

Figure 3-4: Venue at school B boardroom

3.3.1.2 Study population

The study included SA children aged 6 to 9 years, i.e. who were born during 2010,
2011 or 2012 and enrolled for Grades 1, 2 or 3 at the two selected schools during the
2019 academic year. The majority of the children who attend the two selected schools
are either black African or white children. Representation of other population groups
at these schools is small and the study population was therefore restricted to black
African and white SA children. Classification of population groups based on self-
identification of population is considered a good approximation of ancestral origin and
has repeatedly been used in research.®? Children were therefore classified as SA
based on parental report (via the parental questionnaire in Annexure A-1) of the
country of birth of both parents and the nationality of the child. Nationalities from

Southern African countries, i.e. all countries lying south of the equator, including
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Angola, Botswana, Lesotho, Malawi, Mozambique, Namibia, SA, Swaziland, Zambia

and Zimbabwe,*”) were included.

Children who were injured, ill or taking chronic medication (determined via the parental
guestionnaire, Annexure A-1) or those who did not want to take part or whose parents

refused consent were excluded.

3.3.1.3 Recruitment and sampling

The internal statistical services at the Research Office of the Faculty of Health
Sciences, University of Pretoria assisted in calculating the sample size prior to the
study. Comparison of population groups with respect to REE, overall and within sex
categories, were considered for sample size calculations. Resting energy expenditure
data for children of different populations are limited and could not be used to facilitate
sample size estimation of SA children of different populations. Based on the results of
previous REE-related research of SA adults®® 29 and children of American
populations®), the REE parameters for adults were halved. To detect a clinically
relevant difference of 75 kcal/day (315 kJ/day) between groups and assuming a
common SD of 84 kcal/day (354 kJ/day),° 29 a sample of 28 participants per group
was calculated to have 90% power when using a two-sided two-group Student’s paired
t-test at the 0.05 level of significance. Since two subgroup analyses were of interest,
i.e. for boys and for girls, 60 participants from each population group were enrolled
into the study for a total sample size of 120 participants. However, accurate
calculations of a sample size prior to this study, and the estimation of oversampling
requirements to overcome anticipated sampling challenges and non-compliance, were
not possible since REE research in SA children was not available. Consequently, the
power of the sample was recalculated after data collection to ensure the power of the

sample remained at least 90%.

A total of 120 participants, 60 black African (32 girls and 28 boys) and 60 white (37
girls and 23 boys) were recruited and measured at the two schools between 13 April
and 22 October 2019 (Table 3-1). Since REE measurements had to be taken in a
fasting state, participants needed to be measured before the school started at 07h30.
Appointments were scheduled from 06h20 in the morning and took approximately 45
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min to complete. Consequently, only two children could be measured per day i.e. a

maximum of 10 per week.

Recruitment at school A commenced in April 2019. Many of the parents with children
attending the school were known to the researcher and were contacted in person to
enquire if they, and their child, would agree to take part in the study. In addition, a
parental invitation letter (Annexure B-1) was distributed at the aftercare centre and the
researcher and assistant personally approached parents at the aftercare centre to
invite their children to participate. Sixty-five children from school A were recruited and
measured during the first eight weeks from 13 April to 8 June 2019, i.e. an average of
8 children per week. Recruitment and data collection were discontinued during the
school holiday and resumed on 23 July 2019 to measure another 9 participants (4—
5/week). A total of 74 children (14 black African: 8 girls and 6 boys; 60 white: 37 girls
and 23 boys) were measured at school A before the equipment was moved to school
B on 8 August 2019 (Table 3-1).

Recruitment at school B started in August 2019. Participants were recruited via the
parental invitation letter (Annexure B-1) that was distributed to all the Grade 1-3
learners. Additionaly, similar to the procedure at school A, the researcher and
assistant approached parents at the school during drop-off and pick-up time to invite
their children to participate. Thirty-three children were measured during the 5 weeks
(i.e. 6—7 children/week) from 13 August until the start of the school holiday on 20
September when measurements were discontinued. Data collection resumed on 8
October and continued until 22 October when another 13 children were measured. A
total of 46 children (black African: 24 girls and 22 boys) were measured at school B
(Table 3-1).
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Table 3-1: Participants recruited from participating schools (N=120)

School A School B
13 Apr — 6 Jun; 23 Jul — 8 Aug 2019 13 Aug — 20 Sept; 8 — 22 Oct 2019
n=74 n =46
Black African = 14 White = 60 Black African = 46
Girls =8 Boys=6 Girls=37 Boys=23 Girls = 24 Boys = 22

TOTAL = 60 black African + 60 white = 120

Total black Total white Total black Total white
African girls = 32 girls = 37 African boys = 28 boys = 23
TOTAL GIRLS =69 TOTAL BOYS =51

3.3.2 Research instruments

3.3.2.1 School built environment audit tool

Two different schools were selected for this study. It was therefore necessary to
describe the school built environment of each school to improve the understanding of
possible differences or correspondences in the PA levels of the study sample in their

school environment.

A limited number of instruments are available to assess the built environment of
schools. Surveys completed by school principals or other school staff, including
foodservice or administrative personnel, are often used.(*3) Alternatively,
observational methods, also known as audit tools, involving in-person observation by
the researcher may pose less participant burden, thereby preventing incomplete data.
However, these are more time-consuming and may require training to improve inter-
observer reliability.149 The international study of childhood obesity, lifestyle and
environment®4 school audit tool, ISAT,*% was used in this study to provide qualitative
information regarding the school built environment. The ISAT was developed and is
suggested as a reliable objective audit of the school PA environment across various
international school settings. The tool has been used to objectively assess the school
built environment of 256 schools across 12 countries, including SA. Reliability audits
were conducted at 53 of the schools. Substantial reliability was reported for 56% of

items completed (inter-rater reliability K = 0.61-0.79) and almost perfect reliability for
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42% of items completed (K = 0.80-0.96).%% The ISAT is a seven-page audit tool,
developed for completion by research staff to assess and describe the following
aspects of the school built environment linked to PA: access to school, the school’'s
surrounding areas and support for active transportation, aesthetics and usage of
school grounds, play or sports facilities and perceived suitability of the school grounds
for sport and play. Features on the school grounds and in the surrounding area related
to PA can be reported as being either present or absent, the number of functional
amenities to a maximum of 10 should be listed and a quality score between 1, poor
quality, and 5, 100%, or almost 100% functional can be allocated. The tool includes a
detailed manual of procedures with specific item definitions and instructions for quality

control.

3.3.2.2 Sociodemographic questionnaire

A sociodemographic questionnaire (SDQ) (Annexure A-1) was used to collect
sociodemographic data, including participants’ age, date of birth, sex, population
group, nationality and other household demographic and socio-economic information.
The SDQ was developed based on the Stats SA CSHQ.1%) The relevant
sociodemographic information was gathered and used to describe the study sample
and to identify the familial SES of the participants. The researcher aimed to include
children from a relatively homogenous socio-economic background to reduce the

confounding effect of SES that may be associated with the REE and PA of participants.

Stats SA is the SA national statistics agency aimed at producing accurate and timely
official statistics to advance the economic growth and development of the country. The
Stats SA CSHQ was developed in 2007. It has since been used routinely by Stats SA
for surveys to gather information on SA household demographics and socio-economic
data with questions pertaining to income categories, housing and living conditions,
access to basic household services, employment status and educational level.(1%)
Stats SA considers the data gathered via their CSHQ regarding income categories,
along with other questions related to living conditions, as a good source of data for the

measurement of money-metric poverty.14%
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Income categories

Information regarding income categories cannot fully explain how resources are
distributed between family members, or how money is spent. However, it gives an
indication of those living with severe financial constraints. Money is required to access
a range of services and income poverty often compromises the rights to education and
other services of members of a household.46) Consequently, information regarding
income categories was gathered to identify whether the families of participants may

be at risk of financial constraints.

The most recent publication of the Stats SA Living Conditions Survey of 2014-
2015,147 provides information regarding household income and related poverty levels.
According to that report, SA households had an average annual income of R138 168
($9 140) (R11514/month; $761/month) in 2015. However, to improve the
understanding of population household income distribution, households were divided
into five quintiles into which the population was equally divided according to their

annual per capita income category:(147)

o Upper quintile: R71 479 and above = R5957/month
. 4th: R28 092-R71 478 = R2 341-R5 956/month

o 3rd: R13 819-R28 091 = R1 152—-R2 340/month

. 2nd: R6 486-R13 818 = R541-R1 152/month

o Lower quintile: Up to R6 485 = up to R540/month

With the average SA household having 3.3 members,(49 these quintiles can be

extrapolated to a monthly household income of:

o Upper quintile: R19 657

o 4th: R7 725-R19 656

. 3rd: R3 800-R7 724

o 2nd: R1 784-3 799

o Lower quintile: up to R1 783

The income categories of the CSHQ include 12 categories ranging from “no income”
to “R204 801/month ($13 549/month) or more”.“*®) For this study, categories 1-9
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(ranging from RO-R51 200/month ($3 387/month) or more) were used, thereby
providing sufficient information to enable the researcher to group participants’
households into the categories most related to the five quintiles (Table 3-2). Due to
inflation-related fluctuations in household income, the CSHQ categories do not
precisely coincide with the quintiles. However, as an estimate of the average per capita
household income of the study sample, it was considered to provide sufficient
information to identify participants who might be at risk of financial constraints and

poverty.

Table 3-2:  SDQ monthly household income categories with corresponding quintiles

Monthly household income categories Corresponding quintile
1. No income Lower quintile

2. R1-R1 600

3. R1 601-R3 200 2nd quintile

4 R3 201-R6 400 3rd quintile

5. R6 401-R12 800 4th quintile

6. R12 801-R25 600 Upper quintile

7. R25 601-R51200

8. More than R51 200

Housing conditions and household services

Historically, SA has faced major differences with regard to household services. Many
of these disparities have been emphasised since the inauguration of the new
democratic government in 1994 and they continue to date. Although much progress
has been made to reduce these inequalities, many households are still facing poor
household services, which serve as a key indicator of historical underdevelopment that
contributed to high levels of countrywide poverty. Consequently, it is generally
accepted that in SA, household income is a powerful predictor of access to household
services. Access to water and electricity and other household services, along with
housing conditions, are therefore used by Stats SA as a predictor of households facing
poor living conditions and poverty.(45 146) Questions from the CSHQ®® related to
housing conditions and household services, including the type of housing, home

ownership, number of people living in the house, water, sanitation and electricity
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supply, along with ownership of household electrical appliances were used in the SDQ
as indicators of poor housing conditions to identify participants from families at risk of

poverty.
Employment status and level of education

Education has the potential to eradicate poverty; the higher a person’s qualification,
the more likely they are to be employed and absorbed in the formal labour force and
therefore less at risk of falling into poverty.(% According to the 2015 Stats SA Poverty
trends(4%) (poverty measures by education level attained for individuals aged 18 and
above), the percentage of households living in poverty, i.e. just enough financial
resources to afford basic nutrition and household goods in relation to the level of

education of the household head, were:

o No education = 76.2% poverty

o Some primary education = 65.7% poverty

o Primary education = 59.9% poverty

o Some secondary education = 45% poverty

o Matric (secondary education) = 21.8% poverty

o Higher education = 4.3% poverty

Additionally, those living in rural areas, belonging to the black African population group

or households headed by females alone, have a higher risk of living in poverty.

Table 3-3: Levels of education on the SDQ

Highest level of education obtained within the household

1. Completed Grade 5 or less (Some primary education)
Completed Grade 6 (Primary education)

Grade 7-11 (Some secondary education)

Post matric education (Higher education)

2
3
4. Completed Grade 12 (Matric/secondary education)
5
6 Diploma/degree (Higher education)

7

No formal education
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The SDQ included questions used in the CSHQ®® to obtain information about
population group, single income households and highest level of education in the

household, as summarised in Table 3-3.
Access to school

An additional question regarding access to school was included in the SDQ as an
indicator of the SES and PA of participants. In LMICs, children from a lower SES often
need to rely on walking to school due to the inaccessibility to motorised transport.
Transportation to school via a motor vehicle is therefore generally associated with a

higher SES, but at the same time a lower level of PA. (111, 135)

3.3.2.3 Digital stadiometer and medical body composition analyzer (mBCA)

Seca 274 digital mobile stadiometer (Figure 3-5) with a heel-positioner, head piece
and built-in Frankfort Line for precise head positioning was used to measure standing
height in centimetres rounded to the nearest 0.1cm.4®) The height measurement
reading transferred wirelessly to the Seca mBCA 514 body. The Seca mBCA 514(148)
(Figure 3-6), with an integrated digital scale, was used to measure weight in kilograms

rounded to the nearest 100g as well as BC.

- — y
-

A %
...dl § ///.

. Iw e L.

Figure 3-5: Seca 274 digital stadiometer Figure 3-6: Seca mBCA 514

The mBCA is designed to measure BC in the standing position on a platform with an
integrated scale, a supporting handrail and a display unit for operation. Four

electrodes are positioned on the platform, two for each foot, to allow contact with
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each heel and forefoot. The handrail carries three pairs (six) of electrodes on each
side, of which two pairs were chosen depending on the participant’s height, i.e.

which pair they were able to reach comfortably.

Both the Seca 274 and mBCA 514 were calibrated by Delta Surgical,*% an authorised
supplier of Seca in SA, prior to the start of the study (Annexure C-1 and C-2, calibration
certificates). After each move of equipment to another site, the company
representative reviewed the accuracy of the equipment, and no additional calibration
was required. The researcher and assistant further monitored the accuracy of the
stadiometer and digital scale daily before measurements were taken by using a 100
cm metal rod and calibration weights provided by the company.

3.3.2.4 Indirect calorimeter

Resting energy expenditure was measured using the Cosmed Quark RMR indirect
calorimeter.“®) The Quark RMR is considered a reliable and accurate measurement
of RMR and REE.(*9 150-152) When compared with methanol combustion, a technique
used to assess the accuracy and precision of IC measurements, Cosmed was among
the most accurate and reliable instruments with measured variables within £ 2% of the

theoretical values.(51

A ventilated canopy hood with a disposable antibacterial filter was used to collect and
transfer expired gas to an Oz and CO2 analyser that measures gas exchange. The
Quark RMR uses VO2 and VCO: to determine RQ and to calculate REE by using the
abbreviated Weir's equation (RMR = [3.9(VO2) + 1.1 (VCO2)] 1.44).(49.56)

A full service of the Quark RMR was completed by a SA certified Cosmed engineer
prior to the study, and the system was configured with the correct reference values
and gas concentration values for calibration procedures (certificate attached in

Annexure C-3).

3.3.2.5 Pedometer

Pedometers are considered a convenient, economical and accurate tool to objectively
assess PA.(118) A spring-levered Yamax Digi-Walker SW-800 pedometer (Yamasa,
Japan) (Figure 3-7) was used to measure the daily step-count of participants. A review
by Clemes and Biddle*®) identified a number of studies comparing accelerometery-
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based PA with pedometer-measured step-count and concluded that the Yamax Digi-
Walker was a reliable and accurate tool to assess PA in preadolescent children.
Additionally, the Yamax Digi-Walker has been used in many large-scale studies to

assess PA in young children and is considered the gold standard pedometer.(118 121,
122)

Figure 3-7: Yamax Digi-Walker SW-800 pedometer

3.3.2.6 Physical activity questionnaire for older children (PAQ-C)

Objective measures for the assessment of PA have become more affordable and
feasible and are therefore often used as the preferred method to assess PA. However,
subjective methods, including self-report measures and questionnaires, are still
frequently used in conjunction with objective measures to describe the type and
context of PA.(17) The PAQ-C (Annexure A-2) was used in this study to describe the
involvement of participants in PA. In addition, the PAQ-C was used to monitor device
reactivity while wearing the pedometer by completing the questionnaire before and

after the 7-day period of wearing the pedometer.

Suitable subjective measures are generally selected based on their reported validity,
reliability and ease of use. Based on pre-set criteria to evaluate validity and reliability
outcomes of previous publications, an expert panel rated the PAQ-C as a well-used
and time-efficient tool with “moderate” validity and reliability against a variety of direct
measures, including DLW.®1") The PAQ-C is a 7-day recall questionnaire developed
as a guided, self-administered instrument to assess habitual MVPA of 8—14-year-old
children in a school environment during the school term.(128 130) The PAQ-C has been

used in many studies, including SA studies, for children from as young as six years
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from varied ethnic backgrounds.?® 33 36 117) Using correlation as basis for
performance, the PAQ-C demonstrated an acceptable test-retest reliability sensitive
to differences for males (r = 0.75) and females (r = 0.82)117: 153) and good internal
consistency (r = 0.72-0.88),% including internal consistency among ethnic
groups.29) Convergent validity of the PAQ-C has been established, with a moderate
relationship found between an activity rating scale (r = 0.57-0.63), a week summation
of 24-hour MVPA recalls (r = 0.53)1%®) and actigraph accelerometery (r = 0.56—
0.63),15% thereby supporting the PAQ-C as a method to assess general PA levels in

children.(t17.128)

It has been identified that the accuracy of information collected by a self-administered
guestionnaire may be influenced by the opinion and perception of the participant or by
the ability to accurately recall details. For young children who may have varied activity
patterns and differences in cognitive and linguistic ability, these influences may be
amplified.1® Although the PAQ-C was developed as a self-administered
guestionnaire, it has been suggested that the validity of self-administered methods in
children can be increased by interviewer-administered methods.(1% 130) For this
reason, the researcher or the research assistant assisted participants with the
completion of the PAQ-C by reading the questions and available options to them before

marking their chosen option on the questionnaire.

The PAQ-C is designed to be administered once and requests children to recall their
involvement in PA for the past seven days. The survey includes nine questions based
on a variety of different PA taking place during physical education classes, during
school breaks, after school at “lunchtime” and thereafter, and during evenings and
over the weekends. Participants are requested to check a list of activities for frequency
of participation on a scale varying from “no”, “1-2” times per week, “3—4”, “6—-6” and “7
times or more” per week. A measure of frequency is requested for each day, ranging
from “none” to “very often”. A tenth item not used in calculating the activity score asks
children if they were sick/unwell or otherwise hindered from engaging in regular
PA.(130)

Guided by previous studies,?® 33 129) the PAQ-C was translated into Afrikaans for

participants from school A, an Afrikaans teaching medium school and the existing
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English PAQ-C was used at school B, an English teaching medium school. A slight
adaptation was made to the list of activities to include the most popular local sports
activities, e.g. in-line skating was replaced with ice/roller skating, basketball with
netball, badminton with tennis, street hockey with hockey etc. (translated and adapted
PAQ-C: Annexure A-3). The adapted and translated questionnaires were tested during
the pilot study.

3.3.3 Data collection

3.3.3.1 Pilot study

A pilot study was conducted on 30 March 2019, prior to the start of data collection, to
guantify procedures (i.e. time for completion) and to ensure the appropriateness of
equipment and measurement tools. Three children with similar inclusion and exclusion
criteria, but not included in the study sample, were invited to take part in the pilot study.
Measurements were taken at the venue in the Old Agricultural Building, Hatfield
Campus, University of Pretoria. All the procedures and measurement protocols for the
completion of the consent form and SDQ, anthropometric, BIA and REE
measurements and the completion of the PAQ-C were followed in the required manner
stipulated in the study protocol (measurement procedures discussed later in this
chapter). For the step-count measurement, a shortened protocol was followed, with

the pedometer being worn for the minimum monitoring time frame of four days.

3.3.3.2 School built environment

Prior to recruitment, the ISAT was completed for each school (Annexure A-4 and A-5)
by following the steps stipulated in the ISAT manual of procedures.® The researcher
completed both audits, thereby reducing inter-observer variability. An aerial map
divided into grid-squares (Annexure A-6 and A-7) was obtained of each school. The
researcher met with an administrative staff member at each school to help identify
school boundaries, school entrances and location of other relevant amenities on the
school grounds. The school grounds were then walked for the completion of the audit.
Each grid-square on the map was visited and marked to ensure no area was missed.
An ISAT worksheet (Annexure A-4 and A-5) was used to list and evaluate audited

items at each location.

59



3.3.3.3 General and sociodemographic information

When a parent accepted the invitation and the child was willing to participate, a
parental information letter (Annexure A-1), informed consent form (Annexure B-1) and
SDQ (Annexure A-1) was sent to the parent via e-mail or an SMS (Short message
service)/WhatsApp document and an appointment was scheduled to attend at the
allocated venue on the University of Pretoria Hatfield Campus or at the boardroom of

school B.

The parental information letter provided information regarding the
preparation/prerequisites for the measurements (discussed later in the chapter).
Parents were informed that measurements could not be performed should their child
be ill, taking medication or not meeting the requirements as stipulated in the letter. A
reminder was sent via SMS to each parent the day before their appointment.
Participants were requested to arrive well-rested and in time at the venue, wearing the
school’'s physical education uniform or school uniform. Parents were asked to

complete the informed consent form and SDQ prior to, or at the appointment.

Before each measurement, the researcher/assistant explained the purpose of the
study and measuring procedures to each participant and assisted in the completion of
the child assent form. The researcher/assistant then completed a data collection sheet
(Annexure A-8) to record the participant’s date of birth, age, sex, population group and

nationality, thereby confirming that each participant met the inclusion criteria.

3.3.3.4 Anthropometry and BIA

To help put the participants at ease, familiar measurements including height, followed
by body weight and BC were taken first. Following the recommendation of the
American Centres for Disease Control and Prevention’s weight measurement
protocol,1%% participants were requested to remove their shoes before height and
weight measurements were performed. In addition, for height measurements (Figure
3-8, left), participants were requested to remove any hair bands or covers from the top
of their head that may affect their height. They were measured barefoot standing
straight, head horizontal (Frankfort plane) with arms on the side, heels together and
feet flat and evenly distributed on the heel-positioner. Positioning was checked to

ensure that the head, shoulder blades, buttocks and heels touched the back rod
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(Figure 3-8, right). The head piece was then moved down to compress the hair while
the participant was requested to take a deep breath and hold when the reading was

captured.

Loaking
staight ahead

Shoulders relaxed

Ars at sides

Fest flat - heels

almost together.
feet pointed outward
at 60" angle

Figure 3-8: Height measurement protocol (left)5% and height measurement taken by the research
assistant (RD) (right)

For the BIA procedure, participants had to stand upright with outstretched arms and
hands wrapping the electrodes so that the electrode separator was positioned
between the middle and ring finger, and the thumb wrapping the handlebar (Figure
3.9).

Figure 3-9: BIA measurement
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Measurement started automatically once contact with the electrodes was registered
and continued for approximately 17 seconds. The eight electrodes are used to
measure resistance, reactance and impedance of seven body compartments (left arm,
right arm, left leg, right leg, left half of body, right half of body and torso) using a current
of 100uA at 19 different frequencies.4®)

3.3.3.5 REE measurements
The Quark RMR user manual,*® supported by evidence,® was followed to ensure

correct operating procedures:

The Quark RMR measures airflow and volume with a bidirectional turbine flowmeter.
It is recommended to calibrate this turbine flowmeter periodically. Daily calibration is
not required since measurements are not influenced by environmental factors such as
temperature and humidity. Flow/volume calibration was therefore performed once per
week with the recommended 3 litre calibration syringe and the attached antibacterial
filter. Before each measurement session, the required 10-min warm-up period was
allowed, followed by an “ergo calibration” test, an automatically performed analyser
calibration. This procedure was repeated when the system indicated that values were
outside the acceptable range. The flow rate of the pump was adjusted to ensure a
continuous flow of air prior to each measurement. Between each measurement,
disinfectant wipes were used to clean the canopy and surfaces in contact with the
patient and a disposable antibacterial filter was connected. During measurements, the
flow adjustment valve was used to increase or decrease the flow rate when CO2 was
respectively above or below the recommended range of 0,7 — 1.3% to protect the

participant and ensure a reliable measurement.

Achieving and maintaining SS during IC is recommended to improve validity and
reduce error from artefactual influences.“® %5 60) Steady state refers to a minimum
variation in gas exchange variables from one minute to the next. According to the
American Academy of Nutrition and Dietetics,*® SS can be achieved with <10% CV
for a specified time in one or more of VO2, VCOz2, RQ, or minute ventilation. However,
definitions may vary by the specified time for measurement (generally 4-25 min), CV
(<5-10%) and combination of gas exchange variables. The Quark RMR SS displayed

in Microsoft Excel is defined by Cosmed“®) as a time period when the average minute
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VO2 and VCO:2 changes by less than 10% and the average RQ changes by less than
504 (48, 49)

Evidence-based measurement protocols are advised to ensure an individual reaches
a complete resting state and maintains the required SS during the REE measurement.
These measurement protocols can assist practitioners and researchers to identify and
control the settings under which they perform IC assessments.® The American
Academy of Nutrition and Dietetics published a review of the best practices for
performing IC measurements and provided recommendations for optimal conditions
to perform accurate IC measurements in adults (refer to section 2.2.1.2).¢48) Research
on the best procedure for measurements in young children is very limited and

consensus on a standardised protocol has not yet been reached.®8 63.156)

Measuring REE in young children presents a challenge. Although many of the
measurement recommendations for adults can be applied to children, many children
cannot rest quietly for the required time. In adults, it is generally accepted that longer
measurement periods may be more reflective of the REE value, but prolonged
measurements may increase restlessness in children.®® Shorter REE protocols of
maximum 20 min, and possibly without a prior rest period or a shorter rest period
during the measurement, appear to be more appropriate for young children due to
reduction in boredom and consequent fidgeting.“® 63 Although activities such as
reading or listening to music during the measurement may increase REE,(1%") previous
studies used a video to help children remain quiet and still during measurements. (¢3
156) Due to the lack of a measurement protocol for children, an abbreviated adult
protocol along with recommendations based on previous REE measurements of
children8. 63.156) was used for this study (summarised in Figure 3-10). Apart from a
shorter measurement time, children were requested to refrain from exercise for only
12 hours. Abstinence from exercise, especially of vigorous intensity for 12—24 hours
prior to a REE measurement is advised for adults. Factors such as intensity, duration,
level of fithess and type of activity may influence the effect of exercise on REE typically
for up to 90 min, and only in extreme cases up to 48 hours.®”-48) Since the majority of
young SA children appear to be inactive or engaged in moderate intensity school-
related sports and activities,*8) abstinence from exercise at the lower end of the range

was used for this study.
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PREREQUISITE FOR
MEASUREMENT

1. Refrain from PA for
12 hours prior to
measurement

2. Sleep for a minimum
of 7 hours the night
before the
measurement

3. Overnight fast (for 10
hours from 9pm the
previous night, including
all food and beverages,
except water)

3. Arrive early before 7
am

4. Familiarise participant
with test procedures
upon arrival to put them
at ease

5. No rest period prior
to the measurement

DURING THE MEASUREMENT

1. Lie down in a supine position with
hands by the sides and legs extended
forward

2. Play an audible short story to keep
the participant still and relaxed

3. Allow a short period for participant
to settle and commence measurement
as soon as the participant is quiet and
still

4. Constant observation throughout the
measurement for reassurance, and to
ensure the participant remains awake,
but at rest i.e. still and quiet

5. Maintain room temperature (20 -
25°C)

6. Provide a blanket if room
temperature drops to approximately
20°C

7. Quiet venue with dimmed lights

8. Aim for a 20 min measurement, but
discontinue when the participant
becomes restless

DATA
MANAGEMENT

1. Discard data
prior to
machine-
indicated SS to
obtain average
values for VO,,
VCO,, REE and
RQ

2. Monitor SS
(CV in minute
ventilation of
VO,, VCO,, REE
and RQ) after
achievement of
machine-
indicated SS

3. Eliminate
measurements
with an RQ
outside the
recommended
range (0.67 and
1.2)

Figure 3-10: Procedures used for measuring the REE of participants

Information regarding the participant’'s fasting state, recent exercise, absence of
illness, usage of medication and previous night’s sleep pattern was collected by the
researcher or research assistant and recorded on the data collection sheet (Annexure
A-8) to confirm that they met the prerequisites for participation. Children who did not
conform to the prerequisite or those who were ill or using medication were excluded
from the study since medication may contain stimulants and chronic illness, or

conditions related to inflammation and malignancies may affect REE. (55 63, 64)

In addition to achieving and monitoring SS, the RQ was used as a quality indicator of
measurement adequacy. RQ reflects the rate of substrate oxidation in metabolically
stable individuals. Although not considered a reliable method, an RQ outside the
expected range of 0.67 and 1.2 was used to provide an indication of participants who

did not fast, or more likely to indicate measurement error. (5 “8)
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3.3.3.6 PA measurements

After completion of the IC, participants were requested to complete the PAQ-C
(Annexure A-2 and A-3) with the help of the researcher/assistant. Thereafter, a spring-
levered Yamax Digi-Walker SW-800 pedometer and masking tape were provided to each
participant. The masking tape was initially applied to the pedometer by the
researcher/assistant to demonstrate to each participant how the pedometer should be
covered and attached each day. The pedometer was collected from participants after
seven days. Participants were met after school at the aftercare centre or school sports
grounds. At this point, the participants were requested to complete the PAQ-C again with
the assistance of the researcher/assistant.

Although pedometers are generally used in research, various technical and
behavioural challenges have been identified when using pedometers for the
measurement of PA, especially in young children. The use of measurement protocols
is therefore recommended to address these challenges and improve the validity and
reliability of measurements. Despite this recommendation, there is a lack of
standardised protocols for measurements in young children.(118. 159, 160) A number of
collective measurement issues, including the monitoring time frame, optimum wear
time, reactivity and tampering have been identified in previous research and used to
provide recommendations for measurement protocols used in future research
studies.(118. 160) The literature presented below guided the development of the

procedures followed for pedometer measurement.
Monitoring time frame and optimum wear time

Previous studies®18 160) jdentified that the optimum time for wearing a pedometer
requires a delicate balance between maximising the monitoring time frame, i.e. the
number of monitoring days along with the wear time each day, to represent habitual

activity, without compromising compliance that may lead to missing data.

The optimum monitoring time frame to estimate habitual activity with pedometer
measurement is currently unknown. Although a time frame of between 4-9 days is
required to capture habitual PA in children,(5% it has been reported that compliance

decreases with the increase in the number of monitoring days. To maximise sample
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size, a protocol of seven days of monitoring with a minimum of 4-5 complete days,
including one weekend day, has been recommended for younger children. Data of
incomplete days with non-wear time exceeding one hour, or extreme values of less
than 1000 or more than 30 000 steps should be excluded.®18 160, 162) |n addition,
participants should be requested to wear the pedometer for at least 8—10 hours per
day,*® or from morning until evening,®® and to record wear time as well as

participation in non-ambulatory activity such as cycling and swimming.®18)
Reactivity and device tampering

Reactivity refers to a change in habitual activity behaviour when participants are aware
that they are being monitored.(%® Reactivity has been identified as a common
behavioural problem associated with wearing a pedometer that may affect the validity
of the data. Researchers have investigated the impact of sealing the pedometer to
prevent participants from monitoring their activity and concluded that pedometer
reactivity in children does not occur if the pedometers were sealed.(18. 159, 160, 163)
Although sealed pedometers are available, closing the pedometer with a sticker or
tape, is effective in counteracting reactivity. In addition, sealing also reduces the risk

of accidental reset, a common problem associated with pedometers. (160

Device tampering, especially with young children, may be another factor to influence
the accuracy of pedometer measurements. Tampering may include an attempt to
manipulate the step-count by manually shaking the device, putting the device on
someone else, or jumping up-and-down.®5% 160) Although device tampering has been
acknowledged in previous studies among children and adolescents, there is no
evidence on the effect of device tampering on the validity of pedometer readings. (169
A study on adolescents indicated that wearing a sealed pedometer and withholding

measurement feedback from participants, may reduce device tampering. (5%
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// Each participant was provided with a Yamax Digi-Walker SW-800 pedometer attached to

an adjustable elastic belt that fitted securely around the waist (Figure 3-12).

Participants were instructed (and where applicable accompanied by a
demonstration) to:

e Wear the pedometer for 7 consecutive days from when they got up in the morning
until they went to sleep at night.

e Cover the pedometer each moming with masking tape provided to keep the cap
closed during the day, thereby preventing reactivity and device tampering.

o Remove the pedometer during water-based activities and when taking a bath/shower.
Parents/guardians of the participants were requested to:

e Record the time intervals of non-ambulatory activities and activities undertaken when
the device was removed (cycling, swimming, high-impact sport) and send this
information via SMS to the researcher at the end of each day.

e Send an SMS with the day’s step-count to the researcher at the end of each day.

e Refrain from commenting on the number of steps taken each day, since this may lead

to altered habitual PA behaviour.

e A letter with instructions and an illustration (Figure 3-12) on how to use and securely attach
the pedometer was provided/sent via SMS to the parents/guardians (Annexure A-1: parental
information letter).

e An SMS message was sent to parents/guardians each morning as a reminder for their
children to wear the pedometer and again each night as a reminder to record and send an
SMS with the day’s step-count and time intervals of non-ambulatory activities/removal of
device.

e If a parent/guardian was unable to send an SMS with the step-count each day, the
researcher/assistant met the participant daily after school to record the pedometer reading.

e The researcher/assistant monitored the individuals at school after 2-3 days of disseminating

the pedometer, to ensure that it was worn correctly.

~
e [f a participant did not wear the pedometer or was involved in non-ambulatory or

water-based activities for more than 1 hour/day, the day’s data for that participant
were excluded.

\ e Extreme values of less than 1000 or more than 30 000 steps/day were excluded.

Figure 3-11: Procedures followed for pedometer measurement
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Wearing position

Pedometers are commonly worn on the hip to detect vertical displacement and motion.
When a pedometer is tilted away from the vertical axis, typically more than 10°, their
sensitivity is diminished resulting in an undercount of steps.(2% 164) Securing the
pedometer to the waist is therefore recommended to prevent tilting and improve

accuracy.18)

Many pedometers, including the Yamax Digi-Walker has a clip on the back of the
pedometer that can be slipped onto clothes. However, a study by Duncan et al.(16%
identified that children wearing unsuitable clothing or a loose-fitting waistband with
limited elasticity often resulted in the pedometer tilting away from the vertical plane
and consequently an undercounting of steps. To improve stability and reduce error,
they suggested that the pedometer should be fastened to a secure elastic belt system,

rather than relying on the existing clip on the back of the pedometer.

Directed by the above recommendations from the literature, a measurement protocol
as summarised in Figure 3-11 was followed. An illustration with pedometer wear

instructions (Figure 3-12) was given to each participant.

Figure 3-12: Pedometer with wear instructions

3.3.4 Data management and analysis

3.3.4.1 Key variables
The following variables were obtained during data collection:

o Age (6, 7, 8, 9 years: reported and confirmed by calculating from date of birth);
sex (boy or girl); population group (black African or white); nationality
(Southern African)
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o SES categories SDQ 1-SDQ11 categorised according to housing conditions
and household services; educational level; household income

o Phenotypic variables:

o Body weight (kg); height (m); BMI (kg/m?) expressed as WFA z-score,
HFA z-score, BMI-FA z-score

o BIA total body resistance (R) (Q) at 50 kHz to determine:
* FFM (kg); FFMI (kg/m?)
* FM (kg); FMI (kg/m?)

. REE (kcal/day), RQ (VCO2/VO2); %CV

o Time to reach SS during IC: Three time-related SS categories including

o Early achievers (< 5min)
o Middle achievers (< 5 min; <10min)

o Late achievers (= 10 min)

o PAQ-C activity score; mean of the composite score of 9 items rated on a scale
of 1to 5

o Two data sets including PAQ-C-before and PAQ-C-after (before and
after the 7 days of wearing the pedometer)

o PAQ-C average, a calculated average of PAQ-C-before and PAQ-C-
after

J Objectively measured PA:

o Average number of steps/day
o Average number of steps/weekday

o Average number of steps/weekend day

3.3.4.2 School built environment

Information about the school built environment obtained via the ISAT was used to
describe this environment in terms of access to school, the surrounding area of the
school, school grounds and aesthetics and usage of sport and recreational equipment

and facilities. Quantitative data regarding safety features in the school surrounding
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area and number of sports and recreational amenities were captured and analysed in

Microsoft Excel.

3.3.4.3 Sociodemographic information

The sociodemographic information collected with the SDQ was manually captured in
Microsoft Excel by the researcher. When missing information was identified, the
relevant parent of the participant was contacted to obtain the necessary information.

Sociodemographic information was used to describe the context of the study, including
the SES of participating households, the age of participants and the sample

distribution in terms of sex categories and population groups.

3.3.4.4 Phenotypic variables

Anthropometric measurements and BIA were used to obtain phenotypic variables.
Height and weight measurements and BIA data were transferred wirelessly from the
Seca mBCA to a personal computer. Weight-for-age z-scores, HFA z-scores and BMI-
FA z-scores were calculated by the built-in software from Seca based on the WHO

growth reference data®® and displayed in Microsoft Excel.

BMI-FA z-scores were used to categorise participants into weight categories based on

the 2007 WHO growth reference data.®® Participants were classified as:

. Thin when BMI-FA < -2 SD of the median

o Healthy when BMI-FA = -2 and < 1 SD of the median

o Overweight when their BMI-FA is > 1 SD and < 2 SD of the median
. Obese when their BMI-FA is > 2 SD of the median.

The resistance (R) value of the total body bioelectrical impedance vector analysis
(BIVA) was used to calculate the BC. The BIVA is based on the average bioelectrical
values of the left half and right half of the body, measured at 50 Hz, standardised for
the subject’'s body size.(1*®) Resistance is directly proportional to the length of the
conductor and inversely proportional to its cross-section; consequently BIVA is used
to remove the effect of the conductor length, i.e. height and size of the participant. (169
The equation of Horlick® was used to calculate FFM, since it was the only equation

found in the literature validated for use in both African and white prepubertal children.
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The resistance (R) values of BIVA were manually transferred to Microsoft Excel for
these calculations:

FFM (kg) =
[(0.459 x H?/R) + (0.064 x W) + 3.474]/ [(0.769 — (0.009 x age) — (0.016 x sex)]
(H = body height in cm; R = resistance in Q; W = body weight in kg).

Fat mass was calculated in Microsoft Excel by subtracting the calculated FFM from
total body weight (kg). Fat-free mass index and FMI were calculated in Microsoft Excel
respectively as FFM in kg divided by height in metres squared and FM in kg divided
by height in metres squared.

3.3.4.5 REE-related variable

The Quark RMR is attached to a mobile cart with a personal computer where
measured values are displayed. All relevant measurement data were exported to
Microsoft Excel. The data in Microsoft Excel display a summary of measurement
values in 5-second increments in addition to other relevant information such as
participant details, ambient temperature, time and duration of the measurement and

timing and duration of achieving SS (Figure 3-13).

A B c o] E F G H | BC BD BE BF B
1 |ID code: T84 Test number: 4089 Baromelric press. (mmHg): 651 lime woz wooz Sleady Sle EEm EEh EEke npRQ
2 |Lasl name: Tesl date: 2019/04/13 Temperalure (degrees C): 20 hh:mmess | mlimin ml'min - Keal'min  Kealh Kealiday —
3 Firsl name: Tast timea: 7:09 Hurmidily, % 63
4 | Hex F M. af slaps: Temp. flowm. [degrees G 20 00:00:02
5 |Age: T Duration (hh:mmss): Humidily flowrn. ;% 100 00:00:07
6 Height {cm): 1303 BSA (m*2): 00:00:12
7 Weight (Kg): 27,23 BMI (Kg/im*2): 00:00:17
B MNoles: HR max {bpm): 00:00:22
g 00:00:27
10 00:00:32
11 00:00:37
12 00:00:42
13 00:00:47
14 00:00:52
15 00:00:57
16 Q0:01:02
17 00:01:07
18 00:01:12 | 1950716 169,703 " STEADY 0947488 56,84926 1364,382 0,86
18 00:01:17 | 199,6182 177 474 * STEADY 0974292 5845752 140298 088
20 00:01:22 | 2028172 182157 * STEADY 0982558 58,55352 1429284 083
pal 00:01:27 202,94 181,77 * STEADY 0992166 59,52998 142872 0,89
23 O0-01-32 | 194 02R5 179 BA3 * STEADY (9462373 A6 773098 1362 67H 0 A8Y

Figure 3-13: Quark RMR data as displayed in Excel

Typically, all measurement values before the achievement of SS, or for the first 5 min
of the procedure, are discarded.®® 49 For this study, all values prior to the achievement
of machine-indicated SS were discarded (e.g. rows 3-17; Figure 3-13), before the

average VO2, VCOz2, REE (kcal/day) and the RQ values were calculated in Microsoft
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Excel and manually transferred to a data sheet to capture the values for each
participant. Since the majority of the international literature reviewed for this study
refers to kcal to express REE® 74 76) and the Quark provides REE output in kcal/day,
kcal was used as the preferred unit for REE measurements and outcomes in this study.
For the final discussion, kcal was converted to kJ using a factor of 4.2 since kJ is more

typically used in SA settings.

The measurements of participants who did not achieve machine-indicated SS were
removed from the data set. Participants who achieved SS before 5 min of
measurement lapsed were classified as “early achievers” of SS. “Middle achievers”
were those who achieved machine-indicated SS at 5 min and up to 10 min and “late

achievers” reached SS at 10 min or later.

To monitor the effectiveness of the REE measurement procedures, the intra-individual
variability of REE-related measurements after the achievement of machine-indicated

SS was determined:

The percentage CV (%CV = SD/mean*100) for VO2, VCO2, REE and RQ was
calculated at intervals (at 10 min, 15 min, 18 min and 20 min of starting the

measurement) for each participant.

The RQ values were monitored and no measurements were outside the expected RQ
range of 0.67 and 1.2.

3.3.4.6 PA-related variables

The daily step-count readings received from parents or monitored by the
researcher/assistant were captured in Microsoft Excel. For each participant the
average steps/day, steps/weekday and steps/weekend day were calculated in

Microsoft Excel.

PAQ-C guestions were scored on a 5-point rating scale to evaluate the frequency and
intensity of activities. A higher score indicated a higher level of activity. The mean of
these items formed a final composite activity score categorised from a low to high PA.

A tenth item not used in calculating the activity score asked children if they were
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sick/unwell or otherwise hindered from engaging in regular PA.39 Children who were

unwell were excluded from the sample.

For this study the PAQ-C score was calculated for each participant and included
decimal figures instead of the generally used 5-point scale to allow for a more insightful
comparison of PAQ-C outcomes. The PAQ-C score was calculated before and after
wearing the pedometer and an average of these scores (PAQ-C average) was

captured in Microsoft Excel.

The relationship (Spearman’s product-moment correlation) between average
steps/day and the average (of before and after wearing the pedometer) score of each
PAQ-C question was determined. However, since no significant relationship was
observed for any of the PAQ-C questions, the results were omitted from the content

of this report but can be viewed in Annexure D-1.

3.3.4.7 Statistical analysis

Internal statistical services at the Research Office of the Faculty of Health Sciences,
University of Pretoria conducted the statistical analyses. Data were initially captured
in Microsoft Excel and transferred to Stata Release version 15 (Statacorp) for

statistical analysis. The significance level was set at 0.05 for all analyses.
o Two-sided Fisher’s exact test was used to assess and describe:

o The age distribution of the sample

o Differences in SES categorical variables between population groups and
between schools

o Distribution differences between sex categories and population groups

o Distribution differences between sex categories and population groups

with respect to SS categories.

o Continuous variables (age, phenotypic, REE- and PA-related) were
summarised by sex categories and population groups, reporting linear
estimated means (predictive margins) including a 95% confidence interval,
following an analysis of variance (ANOVA) with fixed effects sex, population
group and their interaction.
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Student’s paired t-test was used to assess the difference in the mean PAQ-C-
before and after wearing the pedometer.

The Welch two-sample t-test with unequal variances was used to determine
the difference in the mean REE between population groups per healthy and
overweight/obese weight categories.

The intra-individual percentage CV (%CV = SD/mean*100) was calculated for
REE, VCO2, VO2 and RQ to determine variation in REE-related variables.
Spearman’s product-moment correlation, assuming a non-normal distribution
of most variables, was used to determine the strength and statistical

significance of the relationship between:

o REE and each variable respectively (age, WFA z-score; HFA z-score,
BMI-FA z-score, FFM, FFMI, FM, FMI, average steps/day, average
steps/weekday, average steps/weekend day, PAQ-C-before and PAQ-
C-after pedometer wear, PAQ-C average [average of PAQ-C before and
after]).

o Objectively measured PA and each variable respectively (age, WFA z-
score; HFA z-score, BMI-FA z-score, FFM, FFMI, FM, FMI).

o Average steps/day and PAQ-C average.

With multivariable regression, the associations of sex and population group

were assessed with respect to:

o REE, taking interaction into account and the covariates age, WFA z-
score, HFA z-score, BMI-FA z-score, FFM, FFMI, FM, FMI, average
steps/day, with different models respectively.

o PA, taking interaction into account and the covariates age, WFA z-score,
HFA z-score, BMI-FA z-score, FFM, FFMI, FM, FMI, REE respectively.

Agreement of measured and estimated REE was determined with the Bland-

Altman (BA) analysis within sex categories and population groups.
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3.4 ETHICAL AND FINANCIAL CONSIDERATIONS

Following the submission of the research protocol in November 2018, the study was
approved by the University of Pretoria’s Faculty of Health Sciences Research Ethics
Committee, on 14 March 2019 (Ethics Reference No. 757/2018; Ethics approval
certificate attached in Annexure E-1). An amendment to the initial proposal was
submitted and approved (amended ethics certificate Annexure E-2) since minor

changes were made to the title and content in order to

- include children up to the age of 9- years, thereby including Grade 3
learners who had already turned 9 earlier in the year
- change to a more suitable venue at the University of Pretoria where

equipment could be safely stored.

o Parents/guardians were required to provide written informed consent prior to
data collection or measurements (Informed consent form: Annexure B-1).

o Children were asked to complete an assent form with the assistance of the
parent/researcher/assistant prior to data collection or measurements (Child
assent form: Annexure B-2). Prior to the measurements, the purpose of the
study and all measurement procedures were explained on a linguistic level

suitable for a young child.

o Although the procedures did not involve any health or safety risk, the
parents/guardians were asked to provide an alternative contact number
(informed consent form: Annexure B-1). Additionally, the operational
management emergency center (at the University of Pretoria) and the
relevant school's designated first aider were requested to be on
site/available when measurements were being taken so as to be
contacted in the event of a medical emergency.

o Participation was entirely voluntary.

o The researcher was next to the participant throughout the
measurements. A participant was able to indicate if they felt
uncomfortable and should they wish for the measurement to be

discontinued at any time.
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o No compensation was provided, except for a small breakfast snack after
the assessment.

o The study contributed to raising awareness of a healthy lifestyle (nutrition
and PA) in the participating schools and dietetic-related services were
offered to the participating schools. After data collection, the researcher
was invited to deliver a presentation to Grade 3 learners of school A on
the principles of healthy eating, which coincided with their curriculum.

o A record with all measurements and a preliminary interpretation thereof
was provided to the parent/guardian of each participant. These records
can be used to seek dietetic input to accurately determine individual
energy requirements for effective nutritional and PA intervention.

o The researcher was prepared to answer questions related to the study
and the reasons for investigating the REE of different population groups,
by explaining that every person is unique. In health and nutrition care,
healthcare workers want to match the advice and treatment given to each
person. One of the many possible issues that may determine how much
energy your body needs could be your population group. That is why we
do the study.

o Parents were informed via the parental information letter (Annexure A-1)
that should their children not meet the required inclusion criteria, they
might not be included in the study. There were three of these cases and
measurements were still taken, a breakfast snack was provided, and the
children were given the option to wear a pedometer for three days.

o All data and information were treated confidentially, and no information
or identity of participants will be disclosed.

o Research articles and reports will not include any data that might identify
participants.

o Annexure E-3 and E-4 contains approval letters from both schools

(without disclosing the identity of the schools).

The study was funded by the South African Sugar Association. The funds were mainly

used for
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o servicing of equipment

o transport of equipment to the various locations

o provision of a breakfast snack for participants,

o printing of questionnaires and the research report

o conference attendance for the presentation of the study

A summary of financial expenses is available in Annexure E-5.
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CHAPTER 4: RESULTS

A summary of the study results will be provided in this chapter as shown in

Figure 4-1.

—‘ 4.1. INTRODUCTION

_‘ 4.2. SAMPLE PROFILE 4.3.1 School built
— environment
4.3. CONTEXTUAL '
| FACTORS
4.3.2 SES of participating
households
v | | 4.4. DETERMINANT 4.4.1 Sex categories and
b FACTORS population groups
- E—
g
LLl | | | 4.5. MEDIATING 4.5.1 Phenotypic
oc FACTORS description of the sample
4.6.1.1 Measured REE and related
variables
4.6.1 Resting 4.6.1.2 Accuracy of measured REE
_‘energy expenditure | [4.6.1.3 Factors related to measured
_ REE
4.6.1.4 Predicted REE
\
—1 4.6. OUTCOMES —
e : 4.6.2.1 Objectively measured PA
4.6.2.2 Subjectively measured PA
4 6.2 Physical 4.6.2.3 Concurrent validity of PA
_‘actlwty measurements

4.6.2.4 Factors related to objectively

measured PA
\

Figure 4-1: Outline of chapter 4
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4.1 INTRODUCTION

Chapter 4 provides details about the results of the study. It includes a short discussion
of the sample profile and the characteristics of the sample. Contextual factors,
including the built environment of the two selected schools, the SES of participating
households and the age distribution of participants, are described. The sample
distribution among sex categories and population groups (determinant factors) is
explained and graphically presented. Mediating factors, including phenotypic
characteristics such anthropometric and BC data of participants, are summarised and
categorised by sex categories and population groups. Outcomes of the study,
including REE (measured and predicted) and PA (objectively and subjectively
measured) are provided with related statistical analysis to support the accuracy of
these measurements. Finally, the relationship between the relevant mediating factors

and outcomes is presented.
4.2 SAMPLE PROFILE

The data pertaining to 26 participants were excluded from the initial 120 recruited,
resulting in a final sample size of 94. For one of the 26 participants excluded from the
sample, a SDQ was not available. The data on 19 children (6 black African: 3 girls; 3
boys and 13 white: 7 girls; 6 boys) were excluded since SS was not achieved during
the REE measurement. Another five participants (3 black African boys; 1 white girl; 1
white boy) were excluded due to implausible REE data i.e. power failure during a
measurement or extremely low outlier REE values below 420 kcal/day (2 participants).
Data from two participants (black African girls) were omitted due to one or both parents
being of Northern African nationality (Figure 4-2).

Fifty-eight (61.7%) of the participants (13 black African: 7 girls; 6 boys and 45 white:
29 girls; 16 boys), attended school A and 36 (38.3%) (black African: 20 girls; 16 boys)
attended school B (Figure 4-2).
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27 Girls 22 Boys 29 Girls 16 Boys
7 from school A 6 from school A L 29 from school A L 16 from school A
20 from school B 16 from school B

Figure 4-2: Sample profile

The age of participants ranged from 6.4 to 9.7 years, with a mean age of 7.9 years
(SD = 0.79) for the sample. The age distribution among sex and population groups is
summarised in Table 4-1 and indicates that the sample was relatively homogenous in
age. There was no statistically significant difference in the mean age between sex
categories (P = 0.745). Although a statistically significant difference in mean age
existed between the two population groups (P = 0.027), the difference of 0.36 years is

considered to have no practical significance.

Table 4-1: Age distribution of the sample (N = 94)2

Sex Population
Sex Mealr)1 95% CI°  difference P- ; Population Meakr; 950 CI¢ dlfference P- ;
age bovs-qirls value group age black African- value
ys-g white
Girls  7.94 (7.74;8.15) Black African 8.10 (7.88;8.32)
-0.05 0.745 ) -0.36 0.027
Boys 7.89 (7.64;8.14) White 7.73 (7.50;7.97)

aGirls n = 56; boys n = 38; black African n = 49; white n = 45

b Adjusted mean: Predictive margins of the general linear model for ANOVA with the factors sex and
population group and their interaction

¢ 95% Confidence interval around the mean
d Two-way ANOVA
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4.3 CONTEXTUAL FACTORS
4.3.1 School built environment

The ISAT was used to assess the school built environment of the two selected schools.
An assessment of the school built environment was necessary to understand the
opportunities for PA at the selected schools. The findings are available in Annexure
A-4 and A-5. A summary of data collected for each subsection in the ISAT tool is

provided below.
Access to the school

All school entrances from the main road to the schools were described in terms of
accessibility by car, pedestrian or cyclist. The main, primary entrance to both schools
was designed for use by cars, although pedestrians and cyclists, where applicable,
also used these entrances. Separate pedestrian access gates adjacent to the main
entrance were available at both schools, and both schools had a secondary access
gate designed for use by cars. Roadside parking was available at school B, but was
limited at school A, especially at the pedestrian gate. Main access gates opened onto

a public road with a speed limit of 60 km/hour at both schools.
The surrounding area

Both schools were predominantly surrounded by a residential area, although passing
traffic was more regular at school A. Both schools had parking available on and outside
the school grounds and an area where parents could stop to drop off children. No bus
stops or cycle lanes were available at any school. Sidewalks were present at both
schools, with school A having a sidewalk on both sides of the road. A marked
pedestrian crossing was available at both schools, but traffic calming and road warning

signs were only observed at school A (Table 4-2).
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Table 4-2:  School surrounding area

School A School B
Somewhere where parents can park or stop and drop children off v v
Bus stop X X
Cycle lanes X X
Sidewalks v v
Marked pedestrian crossing v v
Traffic calming or road warning signs v X

The school grounds

Both schools had a variety of good quality and functional activity and sports areas
available, including paved areas for active games, markings for play surfaces, e.g.
hopscotch, grass surface play areas, sports fields and running track, tennis/netball
courts and swimming pool. School B also had a fithess course on the grounds. Both
schools had at least ten (maximum number indicated on the ISAT tool) items of
playground equipment such as swings, slides or a jungle gym. School A provided
interaction with nature through a vegetable garden, whereas school B had a nature
garden.

School A
School B

Play areas

Playground equipment
Sports areas
Interaction with nature
Benches and tables

Water fountains

Amenities on the school grounds

Cycle parking

0 2 4 6 8 10 12
Number of amenties

Figure 4-3: Number of good quality and functional amenities on the school grounds

Supporting features such as benches and picnic tables were in abundance (exceeding
the maximum number of 10), however water fountains or taps were limited to four at

school A and five at school B. Although functional, the quality of the water fountains
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was scored 4 out of 5. None of the schools had allocated cycle parking available. Both
schools had predominantly flat playgrounds on one site. Figure 4-3 summarises the
number of good quality and functional amenities available on the school grounds of

the selected schools.
Aesthetics

Both schools had an abundance of trees to provide shade. Gardens were well
maintained with planted beds. Artwork of learners was displayed on notice boards,
along with additional photos of school activities and other murals. Localised litter on
mostly litter-free grounds was observed. School A is situated near a busy road and
some background noise was present, but not enough to be disturbing, while no noise

was noticed at school B.
Usage

Both the school grounds were suitable for sports activities (organised or otherwise),
informal games as well as general play.

4.3.2 SES of participating households
Household income categories

The majority of participants (96%) were from a household within the upper quintile
income category, while 2% were from the 3rd and lower quintiles.

120 120
100 2694 100 %"
% 80 gﬂ 80
§ 60 S 60 .
S a0 School A g 40 Black African
20 5,3 23 School B 20 5 s White
0 0
Lower 3rd  Upper Lower 3rd Upper
Income quintile Income quintile
Figure 4-4: Percentage distribution between Figure 4-5: Percentage distribution between
schools: Household income categories population groups: Household income
(School A: n = 58; School B: n = 35) categories (Black African: n = 48; White: n = 45)
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The distribution of household income categories of participants between schools and
population groups is illustrated in Figure 4-4 and 4-5 respectively. A comparison (two-
sided Fisher's exact test) of household income categories indicated no significant

difference between schools (P = 1.000) or between population groups (P = 0.530).
Housing conditions

Most of the participants (84%) lived in a house, followed by those living in a flat (15%)
or a rented room (1%). More participating households (75%) owned their dwelling, with
23% renting and 2% living in shared accommodation with friends or family. Most
households (77%) hosted three to five people, with 13% hosting 6- to 8 people and
only a few households hosting two, or more than nine people (2% and 1%
respectively). Figures 4-6 to 4-11 illustrate the distribution of housing conditions
between schools and population groups. A comparison (two-sided Fisher's exact
tests) of housing conditions indicated a statistically significant difference in
participants’ type of housing between schools (P = 0.030) and between population
groups (P = 0.001). Figure 4-6 shows a higher percentage of participants from school
A live in a house and a lower percentage live in a flat when compared to school B. In
contrast, no significant difference existed for home ownership and number of people
per household with respect to schools (P = 0.310 and 1.000 respectively) and with
respect to population groups (P = 6.030 and 0.610 respectively) (Figure 4-7).

90
100 120 o8

. 80 || o 100

%@ & s 1

T 60 2

@ g 60

= 40 26 [1School A E 40 27 [ Black African

s 20 9|_| 20 [ School B & 20 |_|2 20 £ White

0 R 0 -7
House Flat Room House Flat Room
Type of housing Type of housing

Figure 4-6: Percentage distribution between Figure 4-7: Percentage distribution between
schools: Type of housing population groups: Type of housing
(School A: n = 58; School B: n = 35) (Black African: n = 48; White: n = 45)

84



100 33 100 =
o 80 71 , 80 7
?CED 60 g 60
g 40 28 ” [1School A g 40 2372 [ Black African
s 20 23 School B 20 |_||_| 4, 0 White
0 [ — 0 =
Owner Rent Shared Owner Rent Shared
Home ownership Home ownership
Figure 4-8: Percentage distribution between Figure 4-9: Percentage distribution between
schools: Home ownership population groups: Home ownership
(School A: n =58; School B: n = 35) (Black African: n = 48; White: n = 45)
100 8383 [ Black African
g 60 % O White
§ 40 ag 60
Q 20 53 1414 5 [1School A g 40 .
0 == M- O School B & 20 4 0 |_“1_3| 02
2 35 68 9or o = -
more 2 3-5 6-8 9or
Number of people/household more
Number of people/household
Figure 4-10: Percentage distribution between Figure 4-11: Percentage distribution between
schools: Number of people per household population groups: Number of people per
(School A: n =58; School B: n = 35) household

(Black African: n = 48; White: n = 45)

Household services

All participants had access to water, sanitation and electricity supply in their dwelling.
Ownership of household electrical appliances of participants from the selected schools
and population groups is illustrated in Figures 4-12 and 4-13 respectively. A
comparison (two-sided Fisher's exact test) of household appliance ownership

indicated a relatively equal distribution with respect to schools and population groups.
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Figure 4-12: Percentage ownership of household electrical appliances per school
(School A: n =58; School B: n = 35)

A statistically significant difference was only indicated for two items, including
ownership of a dishwasher and TV sets. Participating households from school A had
a significantly higher ownership of dishwashers (P < 0.001), but a lower ownership of
TV sets (P = 0.042). Between population groups, black African households indicated
a significantly lower ownership of dishwashers, but higher ownership of TV sets (P <
0.001 and P = 0.005 respectively).

Stove 100 |
Microwave T
Fridge Ui
Dishwasher % 89 ] O Black African
Washing machine o 0 White
TV set T 100
DVD Al
pPC Sl 100 |
0 20 40 60 80 100 120
Percentage ownership of electrical applinces

Figure 4-13: Percentage ownership of household appliances per population group
(Black African: n = 48; White: n = 45)
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Employment status and level of education

None of the participating households had no income. Twenty-four percent of
households relied on a single person’s income, with the majority (72%) having two to
three people earning and only 4% having four or more people contributing to the

household income.

Figures 4-14 and 4-15 illustrate the distribution of the number of people per household
earning an income between schools and population groups. A comparison (two-sided
Fisher's exact test) of the number of people per household earning an income
indicated no statistically significant difference with respect to schools (P = 0.560).
However, a statistically significant difference (P = 0.010) was indicated with respect to
population groups, attributed to the higher percentage (35%) of black African

households with a single income compared to the 5% of white households.

80 6 100 84
% 60 % 80 6
€ 40 29 g 60 o
8 21 g 40 .
3 20 ’_H 36 [School A E 20 Hll H 4a [ Black African
0 — [JSchool B 0 = = [0 White
1 2-3 4or 1 23 4or
more more
Number of people earning and income Number of people earning and income
Figure 4-14: Percentage distribution between Figure 4-15: Percentage distribution between
school: Number of people per household population groups: Number of people per
earning and income household earning an income
(School A: n =58; School B: n = 35) (Black African: n = 48; White: n = 45)

All participating households had an educational level of at least matric (secondary
education completed). Additionally, 97% of households had a member who had

completed higher education.

Figures 4-16 and 4-17 illustrate the distribution of participating households’ highest
level of education between schools and population groups. A comparison (two-sided
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Fisher's exact test) of highest educational level within a household indicated no

difference with respect to schools (P = 1.000) or population groups (P = 0.240).

120 97 97
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® 80
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S 60
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Level of education

Figure 4-16: Percentage distribution between

schools: Highest level of education in
household
(School A: n = 58; School B: n = 35)
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Figure 4-17: Percentage distribution between
population groups: Highest level of education
in household

(Black African: n = 48; White: n = 45)

Access to school

Figures 4-18 and 4-19 illustrate the mode of transport used by participants distributed
between schools and population groups. A comparison (two-sided Fisher’s exact test)
of mode of transport indicated a statistically significant difference with respect to
schools (P = 0.020), but no difference in mode of transport between population groups
(P = 0.070). Participants from school B relied more on an alternative means of
motorised transport such as a bus or a taxi and more participants walked to school
than those in school A. Between population groups, more black African children relied
on bus and taxi transport. Black African children were more inclined to walk to school

than white children, but it was still a very low percentage (13%).
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Figure 4-19: Percentage distribution between
population groups: Mode of transport
(Black African: n = 48; White: n = 45)

Figure 4-18: Percentage distribution between
schools: Mode of transport
(School A: n = 58; School B: n = 35)
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4.4 DETERMINANT FACTORS

441 Sex categories and population groups

The sample distribution among sex categories and population groups is summarised
in Table 4-3. Fifty-six (59.6%) participants were girls and 38 (40.4%) boys. Forty-nine
participants (52.1%) were black African and 45 (47.9%) from the white population
group.

A comparison (two-sided Fisher’s exact test) of population groups with respect to sex

categories indicated no significant difference in the sample distribution (P = 0.404).

Table 4-3: Distribution of the sample by sex and population group (N = 94)

Black African White Total sample
Number % Number % Number %
Girls 27 29 56 59.6
Boys 22 16 38 40.4
Total 49 52.1 45 47.9 94 100

4.5 MEDIATING FACTORS
4.5.1 Phenotypic description of the sample

The anthropometric and BC characteristics of the sample are summarised in Tables
4-4 and 4-5.

Table 4-4: Mean measured phenotypic variables of the sample (N = 94)

Mean SDh? Minimum Maximum
Weight (kg) 27.65 5.38 19.95 59.50
WFA z-score 0.49 0.97 -1.45 4.09
Height (cm) 129.52 6.30 113.90 142.90
HFA z-score 0.54 0.95 -1.54 2.65
BMI (kg/m?) 16.41 2.38 12.87 29.47
BMI-FA z-score 0.22 1.08 -1.89 4.09
FFM (kg) 20.83 2.47 16.72 29.22
FFMI (kg/m?) 12.40 0.91 10.78 14.71
FM (kg) 6.81 3.94 2.06 30.28
FMI (kg/m?) 4.01 2.08 1.43 15.00

WFA Weight-for-age; HFA Height-for-age; BMI-FA Body mass index-for-age; FFM Fat-free mass;
FFMI Fat-free mass index; FM Fat mass; FMI Fat mass index
aSpD Standard deviation of the mean
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All the mean z-scores of the sample for WFA, HFA and BMI-FA were within 2 SD of

the WHO reference values. The outlier values of 4.09 for WFA z-score and BMI-FA z-

score were from the same participant. Between sex groups, no significant differences

were observed between anthropometric measurements including WFA z-score, HFA

z-score and BMI-FA z-score. However, the mean FFM and FFMI were significantly (P
< 0.001 for both) lower for girls, with a difference of 1.73 kg and 0.93 kg/m?
respectively. Conversely, the mean FM and FMI were significantly higher (P = 0.035

and 0.010 respectively) for girls than boys, with a difference of 1.71 kg and 1.08 kg/m?

respectively.
Table 4-5: Phenotypic description of the sample by sex and population group (N = 94)2
Sex Population
Sex Mean® 95% CI° difference 'lj i Population b 95% CI° bldlfLeL(e]‘n_ce |P-d
boys-girls value group ac _rlcan value
White
WEA Girls 049 (0.23:0.75) Black 35 (0.10:0.66)
S -score 0.00  0.997  African 022 0.270
Boys 0.49 (0.17;0.81) White  0.61  (0.32;0.90)
. Black
Girls 0.53 (0.31;0.75 . 0.08 -0.16;0.32
A ( ) 004 0820 Afican ( ) 097  <0.001
Boys 0.57 (0.30;0.84) White 1.05 (0.81;1.30)
. Black
-FA Girls 0.23 (-0.05;0.52 . 0.43 (0.12;,0.73
ORNA ( ) 006 0795 African ( ) 046  0.042
Boys 0.17 (-0.17;0.52) White  -0.03 (-0.35;0.29)
. Black
Girls 20.14 (19.54;20.74 . 20.15 (19.50;20.79
'zl'(: '\;' ( ) 1.73  <0.001 African ( ) -1.45 0.003
9 Boys 21.87 (21.14;22.61) White  21.60 (20.92;22.27)
. Black
Girls 12.01 (11.80;12.22 . 12.28 (12.06;12.50
(: F/mlz) ( ) 0.93 <0.001 African ( ) -0.23 0.166
9 Boys 12.94 (12.69;13.20) White  12.51 (12.27;12.74)
. Black
Girls  7.49 (6.48;8.50 . 7.82 6.74,8.89
(FkM) ( ) -1.71  0.035  African ( ) 2.12 0.008
9 Boys 578 (4.55;7.01) White 570 (4.57;6.82)
. Black
Girls 4.44 (3.92;4.96 . 466 (4.11;5.22
(kaz) ( ) -1.08  0.010  African ( ) 1.37  <0.001
9 Boys 3.37 (2.73;4.00) White 3.29 (2.71;3.87)

WFA Weight-for-age; HFA Height-for-age; BMI-FA Body mass index-for-age; FFM Fat-free mass;

FFMI Fat-free mass index; FM Fat mass; FMI Fat mass index
aGirls n = 56; boys n = 38; black African n = 49; white n =45

b Adjusted mean: Predictive margins of the general linear model for ANOVA with the factors sex and
population group and their interaction

¢ 95% Confidence interval around the mean

d Two-way ANOVA
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Between population groups, the mean HFA z-score and FFM were significantly lower
(0.97; P <0.001 and 1.45 kg; P = 0.003 respectively) for the black African group. In
contrast, the BMI-FA z-score, FM and FMI were respectively 0.46 (P = 0.042), 2.12 kg
(P =0.008) and 1.37 kg/m? (P < 0.001) higher for the black African group.

In terms of the WFA z-score, the sample was relatively homogenous, with no
statistically significant differences between either sex or population groups.

The distribution of weight categories in the sample, grouped into populations with
subgroups of girls and boys, as well as total girls and boys, are indicated in Table 4-
6. The majority of the participating children (83.0%) had a healthy weight. A higher
percentage of black African than white children were overweight (14.3% and 4.5%
respectively) or obese (12.2% and 2.2% respectively). More girls (12.5%) than boys
(5.3%) were overweight, while children with obesity were almost equally distributed
between girls (7.1%) and boys (7.9%). All the white boys in the sample had a healthy
weight.

Table 4-6: Distribution of the study sample: weight categories by sex and population group (N = 94)

Girls Boys Total

n % n % n %
Black Healthy? 19 70.4 17 77.3 36 73.5
African o erweightt 5 18.5 2 9.1 7 14.3
Obese¢ 3 11.1 3 13.6 6 12.2
Total 27 100 22 100 49 100
White Healthy2 26 89.7 16 100 42 93.3
Over-weight? 2 6.9 0 0 2 45

Obesec 1 34 0 0 1 2.2

Total 29 100 16 100 45 100
Total Healthy? 45 80.4 33 86.8 78 83.0
sample Over-weightt 7 12.5 2 5.3 9 9.6
Obesec 4 7.1 3 7.9 7 7.4

Total 56 100 38 100 94 100

WHO weight categories: Body mass index-for-age z-score (BMI-FA z-score):
aHealthy: -2< BMI-FA z-score <1 (No child with BMI-FA z-score <-2)

b Overweight: 1< BMI-FA z-score <2

¢ Obese: BMI-FA z-score >2
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4.6 OUTCOMES
4.6.1 Resting energy expenditure

4.6.1.1 Measured REE and related variables

A summary of measured REE and related variables is presented in Table 4-7. The
mean measured REE was 1 023 kcal/day, varying between 480 kcal/day and 1 434
kcal/day.

Table 4-7: Mean measured REE and related variables of the sample (N = 94)

Mean SD? Minimum Maximum
VO2 (ml/min) 148 32 70 207
VCO:2 (ml/min) 121 28 54 179
REE (kcal/day) 1023 225 480 1434
RQ (VCO2/VOy2) 0.82 0.07 0.70 0.91

aSp Standard deviation of the mean

Table 4-8 indicates that the mean measured REE and all related variables (VOq,
VCOz2, RQ) were significantly lower (P < 0.05) for black African than white participants.
No significant differences were observed between sexes for any of the REE related

variables.

Table 4-9 indicates the population differences in the mean measured REE per weight
category, mainly for girls. There were no boys with overweight or obesity in the white
population group and the difference between boys was only determined for the healthy
weight category. Girls who were obese (n = 4) and overweight (n = 7) were grouped

together due to the small number of participants within these weight categories.
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Table 4-8: REE and related variables by sex and population group (N = 94)2
Sex Population
. P- Population difference P-
b 0, c b 0, c
SR8 e S0 ggfesr_er;::lg value! group MEET 9% CI° ) 1ack African- valued
ys-g white
REE  Gids 1005 (948;1062) Black 951 (890:1013)
(kcall 40.61 0.375 African -145.83  0.002
day) Boys 1045 (976;1115) White 1097 (1033;1161)
VCO: Girls 119  (112;126) Black 110 (103:118)
(ml/ 440  0.435  African -22.46  <0.001
min)  Boys 124  (115;132) White 133 (125;140)
VO2  Girls 146  (137;154) Black 139 (130;148)
(ml/ 6.02  0.365 African -19.44  0.004
min)  Boys 152  (141;162) White 158  (149:167)
RQ Girls 0.82 (0.80;0.83) Black 4 79 (0.77:0.81)
(VCO,/ -0.01  0.781  African -0.05  <0.001
VO:) Boys 0.81 (0.79;0.83) White  0.84 (0.83;0.86)

aGirls n = 56; boys n = 38; black African n = 49; white n = 45
b Adjusted mean: Predictive margins of the general linear model for ANOVA the with the factors sex
and population group and their interaction

¢ 95% Confidence interval around the mean
d Two-way ANOVA

When grouped according to weight categories, the mean REE for black African girls

in the healthy weight category, remained significantly lower (230 kcal/day; P < 0.001)

than white girls in this weight category. However, for the overweight category, the

difference was smaller and not statistically significant, with the mean REE of black

African girls being 61 kcal/day (P = 0.573) less than white girls. The mean REE of all

healthy weight girls was 90 kcal/day l