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Abstract

The Ellisras Longitudinal Study (ELS) opened the possibilities for understand-
ing the growth variations among children in rural South Africa. The aim of the
study was to analyse the growth spurt in height and weight of children using
the ELS. This is part of the on-going ELS and this study followed secondary an-
alytical longitudinal study using data collected from November 1996 to Novem-
ber 2003. All children underwent a series of anthropometric measurements of
height and weight according to the standard procedures recommended by the
International Society for the Advancement of Kinanthropometry. The descrip-
tive statistics was done for age, height, weight, velocity and acceleration by
gender amongst rural children in Ellisras. The linear mixed model was used to
analyse data. Based on the smallest values of AIC and BIC, the best model to
fit the ELS data which was found to be the unstructured covariance structure
model was chosen. The interaction between age and gender, which was sig-
nificant at 5% level suggested that the relationship of age with growth varies
depending on gender. There was also a significant positive linear relationship

of age with distance.

The onset of growth spurt for rural children in Ellisras was at 12.05 years for
boys and at 12.32 years for girls, while the Senegalese boys took off earlier at
11.02 years. Ellisras rural boys and USA boys had their onset of growth spurt
almost at the same age at 13 years for USA boys and 12.05 years for Ellisras
rural boys. USA girls had their onset of growth spurt earlier at 11 years than

Ellisras rural girls at 12.32 years. Newcastle upon Tyne adolescents reached

ii



their PHV at 14 and 12 years for boys and girls respectively, similarly with
Ellisras rural children at 14.21 and 11.80 years for boys and girls respectively.
Ellisras rural girls had their PHV at 11.80 years earlier than Ellisras rural
boys at 14.21 years. Children in rural Ellisras in the ELS and their growth
variations do not differ that much compared with other children across the

world.

Key words: Growth spurt, peak height velocity, boys, girls.

i1l



Dedication

I dedicate this work to my loving parents, Azwindini Joseph Nem-
bidzane and Muvhulawa Joyce Tshimenze for their unconditional

love, care and support.

v



Acknowledgments

I would like to thank God for His unconditional love, guidance, wisdom and
strength. I also wish to thank my supervisors: Prof ‘Maseka Lesaoana, Prof
Kotsedi Daniel Monyeki and Dr Alexandra Boateng for their guidance, support
and encouragement. Again, I specially wish to thank my parents, Azwindini
Joseph Nembidzane and Muvhulawa Joyce Tshimenze for their unconditional
love, care and support. My siblings, Lufuno, Ray, Ntsieni, Phathutshedzo Nem-
bidzane and niece Makhado Ramabulana for their love and support. My friend
Rose Matsie Selowa for her prayers, love, support and encouragement. All my

relatives and friends who wish to see me succeeding.

The authors are indebted to the Ellisras Longitudinal Study administrators
Mr TT Makata, Seleka SP, Seleka MS and Mr Makata W for coding the data.

The financial assistance of the National Research Foundation (NRF) towards
this research is hereby acknowledged. Opinions expressed and conclusions ar-
rived at, are those of the author and are not necessarily to be attributed to the

NRF.



Contents

Declaration i
Abstract ii
Dedication iv
Acknowledgments v
Table of Contents vi
List of Figures ix
List of Tables X
List of Abbreviations and Acronyms xii
Research Output XV
1 Introduction 1
1.1 Introduction . .. ... ... ... . .. ... .. 1
1.1.1 Problem statement . .. .. ... ............... 3

1.2 Purposeofthestudy .. .......... ... .. ... ....... 4
1.21 Aim . . ... e 4

1.2.2 Objectives . . . . . . . . i i e e 4

1.3 Significance of thestudy . ... ... ... ... ... ........ 5

vi



1.4 Scientific contribution . . . . . . .. . ... ... .. 5

2 Literature review 6
2.1 Reviewonotherstudies ... ... .................. 6
2.1.1 Europe . ... .. .. ... e 7

2.1.2 NorthAmerica . ... ... ... ... ... ... 25

2.1.3 South America . .. ... ... ... ... .. ......... 33

214 Asia . . ... e e 36

2.1.5 Africa . . . . ... 48

2.1.6 Other partsoftheworld . . . ... ... ........... 53

2.2 Chaptersummary . . . . . . . .. .. . ..., 59

3 Research methodology 60
3.1 Studydesign . ... .. ... ... . ... .. 60
3.2 Sample/Study population. . . . . ... ... ... ... ... 60
3.2.1 Geographicalarea . . ... ... ................ 60

3.22 Sample . ... ... . .. ... 61

3.2.3 Attritionrate . . ... ... ... ... .. 62

3.2.4 Anthropometry measurement . . . ... ... ... ..... 62

3.3 Qualitycontrol . . . . ... ... ... 62
3.4 Statisticalanalysis . .. ... ... ... ... ... ... .. ... 63
3.4.1 Linear mixedmodels . . ... ... .. ... ... ...... 64

4 Research analysis and results 67
4.1 Introduction . .. ... ... ... . ... ... ... .. 67

4.2 Descriptive statistics for age, height, weight, velocity, and accel-

eration, by gender amongst Ellisras rural children from 1996 to

4.3 Distance curve fitted to the data of boys and girls . . .. ... .. 70
4.3.1 Distance curve fitted to weight data for boys and girls . . . 71

vii



4.4 Velocity curves for boysand girls . . .. ... ... ... ......

4.4.1 Acceleration curves for boysand girls . ... ........
4.5 TypelIll tests of fixedeffects . . . . . . ... ... ... ... ....
4.6 Estimates of fixedeffects . . . . ... ... ... .. ... ...
4.7 Estimates of covariance parameters . . ... ... .. ... .. ..
4.8 Pairwise comparison based on estimated marginal means

4.9 Information criteria for the model with the AR(1) covariance struc-

4.10 Information criteria for the reduced model without the AR(1) co-
variance structure . . . . . ... ... L L L

4.11 Information criteria from the reduced model without the random
ageeffects . ... ... .. . ...

4.12 Results of information criteria among three covariance structure

models . . ...

Summary and conclusion

5.1 Introduction . .. ... ... ... ... ...

5.2 Summaryandconclusion . . . ... .. ... ... ..........
5.2.1 Majorfindings . . . .. ... .. .. ... .. .. .. ...,
52.2 Conclusion . . . ... .. ... ... ...

5.3 Recommendations . . . . . ... ... ... ... ... ... ...
5.3.1 Healthcareprospects. . . ... ... ... ..........
5.3.2 Careorprevention . . ... ..................
5.3.3 Furtherstudies . ... ... ... ... ... .. ... ..

5.4 Ethical consideration . . . . . . . . . . ... ... ..

viii

78

78

79



List of Figures

4.1
4.2
4.3
4.4

Distance curve for boysand girls . ... ... ... ......... 71
Distance curve fitted to weight data for boys and girls . . . . . . . 72
Velocity curves for boysand girls . . . ... ... ... ....... 73
Acceleration curves for boysand girls . . ... ... ... ... .. 74

X



List of Tables

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8
4.9

Descriptive statistics for age, height, weight, velocity, and accel-

eration, by gender amongst Ellisras rural children from 1996 to

Descriptive statistics for age, height, weight, velocity, and accel-

eration, by gender amongst Ellisras rural children from 1998 to

Descriptive statistics for age, height, weight, velocity, and accel-
eration, by gender amongst Ellisras rural children from Novem-
ber 1999 to November 2000 . . . . .. ... ... ... ....... 69
Descriptive statistics for age, height, weight, velocity, and ac-
celeration, by gender amongst Ellisras rural children from May
2000 to May 2003 . . . . . . . ... 69
Descriptive statistics for age, height, weight, velocity, and accel-

eration, by gender amongst Ellisras rural children November 2003 70

Type III tests of fixed effects . . . . . ... ... ... ........ 75
Estimates of fixed effects . . . . . . ... ... ... ... .. ... 75
Estimates of fixed effects . . . . .. ... ... ... ... ... ... 77
Pairwise comparison based on estimated marginal means . ... 77

4.10 Information criteria for the model with the AR(1) covariance struc-

4.11 Information criteria for the reduced model without the AR(1) co-

variance structure . . . . . . . .. ... 79



4.12 Information criteria from the reduced model without the random
ageeffects . ... .. . .. . ...
4.13 Results of information criteria among three covariance structure

models . . ..

X1



List of Abbreviations and

Acronyms

-2RLL -2 Restricted Log Likelihood

AG Artistic Gymnasts

AGA Anti-Gliadin Antibodies

AH Adult Height

AIC Akaike’s Information Criterion
AICC Hurvich and Tsai’s Criterion
AL Axial Length

ANCOVA Analysis of Covariance
APHV Age at Peak Height Velocity

AR Androgen Receptor

ATO Age at Take-off

Bage Biological age

BBD Benign Breast Disease

BIC Schawarz’s Bayesian Criterion
BMI Body Mass Index

BP Blood Pressure

BTM Beta-Thalassaemia Major
CAG Cytosine-Adenine-Guanine
CAIC Bozdogan’s Criterion

CDC Centre for Disease Control

Xii



CF Cystic Fibrosis

CHD Congenital Heart Defect

CHD Coronary Heart Disease

CI Confidence Interval

DF Degrees of Freedom

DS Down Syndrome

ED Energy Density

ELS Ellisras Longitudinal Study

FEV1 Forced Expiratory Volume in 1

FFMI Fat-Free Mass Index

FH Final Height

GH Growth Hormone

GV Growth Velocity

HC Head Circumference

IGF-1I Insulin-like Growth Factor-I

IL-6 Interleukin 6

ISAK International Society for the Advancement of Kinanthropometry

JIA Juvenile Idiopathic Arthritis

KH Kromeyer-Hauschild

KiGGS German Health Interview and Examination survey for Children and -
adolescents

LMM Linear Mixed Model

M Mean

MC4R Melanocortin Receptor 4
NHANES National Health and Nutritional Examination Survey

OGS Onset of Pubertal Growth Spurt
OK Optimal Kernel
OR Odds Ratio

Ox Oxandrolone

xiii



PCBs Polychlorinated Biphenyls

PGS Pubertal Growth Spurt

PHV Peak Height Velocity

PI Placebo

PS Peak Spurt

RG Rhythmic Gymnast

RSS Russell-Silver Syndrome

SD Standard Deviation

SDS Shwachman-Diamond Syndrome
SDS Standard Deviation Score

SE Spherical Equivalent

SEM Standard Error of the Mean
SGA Small for Gestational Age

SPSS Statistical Package for Social Sciences
Std Error Standard Error

TEM Technical Error of Measurement
TEQ Total Toxic Equivalency

TS Turner Syndrome

UAE United Arab Emirates

UK United Kingdom

UN Unstructured

USA United States of America
VLBW Very Low Birth Weight

VTO Velocity at Take-off

WHO World Health Organisation

X1iv



Research Output

The following section gives research output from this dissertation.

Peer Reviewed Journal Publication

1. Nembidzane, C., Lesaoana, M., Monyeki, KD. and Boateng, A. (2016).
Growth spurt in height and weight of children in rural South Africa: El-
lisras longitudinal study. BMC Pediatrics (Under review).

XV



Chapter 1

Introduction

1.1 Introduction

Human growth, like most developmental processes, is complex. Human growth
refers to the process from infancy to maturity that involves changes in body size
and appearance. Growth is a typical characteristic of childhood. It is also a sen-
sitive indicator of a child’s nutritional status. Monitoring growth is therefore
an important tool for assessing the health and well-being of children, espe-
cially in countries with limited access to diagnostic tools (Michaelsen, 2015).
Tinggaard et al. (2014) stated that a child’s growth is an indicator of health as
well as a mirror of a society’s general socioeconomic standard. They further
indicated that monitoring of growth to identify health and nutrition related

problems is an important tool for health care providers.

Cameron and Bogin (2012) said human growth and development are made and
defined by the way in which human beings change in size, shape and maturity

relative to the passage of time. Human physical growth in length and weight is
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generally made by rapid growth in early life, followed by a general deceleration
in childhood and then a marked increase in late childhood associated with the

onset of puberty (Chirwa et al., 2014).

Growth rates of height and weight of children and adolescents are considered
to be the best available dynamic indicators of health status of any given popu-
lation (Satyanarayana et al., 1989). Height increments and height deficiencies
are considered to reflect a long term picture of nutritional adequacy (Seoane
and Latham, 1971). However, there is limited longitudinal data on growth of
the same group of children during childhood, adolescence and adulthood from
undernourished populations of developing countries (Alacevich and Tarozzi,

2016; Elusiyan et al., 2016; Rachmi et al., 2016; Wei and Crowne, 2016).

Growth spurts are a rapid rise in height and weight. They are more visible
in the first year of life and around puberty, both periods when a tremendous
amount of growth takes place in a short time. But growth spurts can occur
other times too (Baby Center, 2016). Human growth in height is a multi-
faceted process including periods of accelerated and decelerated growth veloci-

ties (Widén et al., 2010).

Puberty is the gradual transition period between childhood and adulthood, dur-
ing which growth spurt occurs and secondary pubertal characteristics appear.
However, many factors may contribute to the onset of puberty (Felimban et al.,
2013). For the reason that there are wide variations among individuals in the
timing of the pubertal growth spurt, there is a wide range of physiologic vari-
ations in normal growth. In adolescence, there may be quite large deviations
from the derived percentile lines, depending on the timing and tempo of the
pubertal growth spurt. The timing and tempo of puberty vary widely, even

among healthy children. In determining the appropriateness of a particular
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growth velocity, the child’s degree of biological maturation must be considered

(Rogol et al., 2000).

1.1.1 Problem statement

The human adolescent growth spurt is the rapid and intense increase in the
rate of growth in height and weight that occurs during the adolescent stage of
the human life cycle (Bogin, 1999). The growth spurt, which is a notable feature
of the human adolescent growth stage, but not the only defining characteristic,
begins on average at 10 years for girls and 12 years for boys. However, there
is considerable variation between individuals and populations. Bogin (1999)
further explained that the intensity and duration of the spurt is, on average,
greater for boys than for girls, and this accounts for the average sexual dimor-
phism of 11 — 13 cm in height between adult men and women. He further said
that the adolescent spurt ends at about 18 — 19 years for girls and 20 — 22 years
for boys. It is important to determine whether a similar case occurs among
the Ellisras boys and girls, hence this study. The Ellisras Longitudinal Study
(ELS) has been monitoring the children’s growth in Ellisras, which plays an im-
portant part in assessing or understanding the health and well-being of these
children. This information about children’s growth in Ellisras communities
will help in getting to understand the children’s growth spurt as well as peri-
ods of accelerated and decelerated growth velocities. It is important and useful

to health care providers.

Pan and Ratcliffe (1992) indicated that longitudinal growth data offer a unique
opportunity for studying the dynamics of growth by analysing velocity as well
as distance curves of dimensions, such as height. Such information is avail-
able in the ELS which was never reported for rural South African children in

Ellisras, Limpopo Province. There is a need to use the ELS data to try and
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understand or get insights about the growth variations which could be useful
in understanding the health status of children. The purpose of the study is to

investigate the growth variations among children in rural South Africa.

Berkey et al. (1983) stated that several authors have cited evidence for the oc-
currence of a growth spurt, several years before the adolescents spurt. The
existence of such a spurt was noted by Tanner (1947), who labelled it mid-
growth spurt. However, the evidence for a spurt in height was absent among
their girls, and for their boys the spurt was only suggested by a diminution of
deceleration from age six to seven years (Berkey et al., 1983). The analysis of

the ELS data will shed some light on the growth spurt of these children.

1.2 Purpose of the study

1.2.1 Aim

The aim of the study is to analyse the growth spurt in height and weight among
children in rural South Africa using the Ellisras Longitudinal Study.

1.2.2 Objectives

The specific objectives of the study are to:

1. Assess the onset and offset of growth spurt using Linear Mixed Models

(LMMs).

2. Compare growth variations in height and weight for both boys and girls

using descriptive statistics and LMMs.

3. Determine the growth rate in terms of velocity and acceleration in height

and weight for both boys and girls during adolescent using LMMs.
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1.3 Significance of the study

The growth process is the lawful, predictable product of a dynamic relationship
between heredity and the environment. There are periods of accelerated and
decelerated growth (e.g. during infancy growth is elevated, while the growth
rate slows down during the preschool and elementary school years). Not all
aspects of growth proceed at the same rate or at the same time. The rate and
pattern of growth can be influenced by numerous variables such as nutrition,
activity, rest, hormone activity, socioeconomic status, disease, climate, emotion
and exercise. The growth of each individual is unique. The growth patterns of
children in rural South Africa have not been adequately reported in the litera-
ture. The ELS offers opportunities to analyse velocity and curves for children

in Ellisras — a rural area in Limpopo Province, South Africa.

1.4 Scientific contribution

This study will contribute to the scientific knowledge related to the health sta-
tus of children in Ellisras and provide information in the analysis of longitu-
dinal data in rural South Africa. The results of the study could be useful in
understanding the health status of children among Ellisras communities and
help the Limpopo Provincial Department of Health in developing policies on

health status of children in rural South Africa.
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Literature review

Distance and velocity curves are commonly used to explain the growth rate of
an individual or a group of individuals. Distance curves show the total distance
the body has to travel along the road to maturity. On the other hand, in veloc-
ity curves, emphasis is placed on the plotting of the incremental growth within
a specific time interval. The period of rapid growth in height that occurs at
adolescence is unique to humans. The adolescent growth spurt begins on av-
erage two years earlier in girls than in boys, but within each gender there is

enormous variation in the timing of pubertal development (Cole et al., 2015).

2.1 Review on other studies

A lot of research on child growth has been undertaken in different parts of the
world, mostly in North America and Europe. A few studies have also been done

in Africa, Asia, South America, as well as Australia and Oceania.

The literature has been divided according to the regions of the world.
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2.1.1 Europe

In a multi-discipline longitudinal study undertaken by Kemper et al. (1985)
on growth and health of teenagers, height velocity was measured four monthly
during four consecutive years in a group of about 250 growing Dutch young-
sters. From the individual velocity curves of height, Kemper et al. (1985) calcu-
lated PHV and the age at which PHV occurred. Height velocity was estimated
in 102 boys from the derivative of a second degree moving polynomial function
over five measurements. The authors found that peak height velocity (PHV)
varied in boys between 6.1 and 14.0 cm/year. The median value of the age at
PHYV in boys is 14.0 years. Early-maturing boys have approximately 2 cm/year
greater PHVs than late-maturing boys (Kemper et al., 1985).

Another work done by AberbergaAugskalne and Kemper (2007) investigated
the cardiovascular system at rest and during bicycle exercise in relation to
PHV. A total of 41 boys and 45 girls aged 7 — 16 were studied annually for 10
years. Their findings showed a mean PHV of 8.2 (2.2) cm/year in girls and of
9.7 (2.3) cm/year in boys. PHV occurred on the average at ages 12.2 in girls
and at 13.7 in boys. According to age at PHV school children were divided into
early, mid and late maturers. With increasing maturation there appeared a
progressive increase in systolic and diastolic blood pressure and a decrease in
heart rate, cardiac output per kg body weight, and peripheral resistance. In-
crease in systolic volume before PHV in girls and in PHV in boys resulted in
more intensive increase in mean systolic ejection rate. They concluded that
boys had higher values than girls for systolic volume, mean systolic ejection
rate, and lower values than girls for cardiac output per kg body weight. Late
maturers at every stage of growth and at PHV had more effective pattern of
cardiovascular response to bicycle exercise when compared with mid/early ma-

turers (AberbergaAugskalne and Kemper, 2007).
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Leroy et al. (2015) indicated that the main objective of their study was to assess
whether there is evidence of catch-up growth in children between two and five
years old, when catch-up growth was defined as it was originally - as a reduc-
tion in the height deficiency (compared with standards) between two points in
time. They used absolute height-for-age difference (child’s height compared to
standards, expressed in centimeters) and compared with findings using height-
for-age Z-scores. Leroy et al. (2015) stressed that the rationale for this compar-
ison is that height-for-age Z-scores, which is constructed from cross-sectional
data, is used to assess children’s attained height at a given age, but inappropri-
ate to evaluate changes in height over time. In their results, they showed not
only an absence of population-level catch-up growth between two and five years
of age, but continued deterioration reflected in an increase height deficiency
relative to growth standards. Based on their analyses of absolute deficiency
in height from both cross-sectional and longitudinal data, they concluded that
there is no linear catch-up growth in the data sets they analysed (Leroy et al.,
2015). Their analyses using height-for-age difference found no catch-up growth
in cohort studies and revealed substantial deterioration in height deficiency be-
yond two years of age, in both cohort and cross-sectional studies (Leroy et al.,

2015).

Adolescence is a unique period in human development encompassing sexual
maturation (puberty) and the physical and psychological transition into adult-
hood (Lewis et al., 2016). It is a crucial time for healthy development and
adverse environmental conditions, poor nutrition, or chronic infection can al-
ter the timing of these physical changes; delaying menarche in girls or the age
of PHV in boys. Lewis et al. (2016) found that a total of 135 (22.2%) adolescents
showed some delay in their pubertal development, and this lag increased with
age. Of those with a chronic condition, 40.0% (n = 24/60) showed delay com-
pared to only 20.3% (n = 111/547) of the non-pathology group. This difference
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was statistically significant. A binary logistic regression model demonstrated a
significant association between increasing delay in pubertal stage attainment
with age in the pathology group. Lewis et al. (2016) concluded that it was for
the first time that chronic conditions have been directly associated with a delay
in maturation in the osteological record, using a new method to assess stages

of puberty in skeletal remains.

Molinari et al. (1980) found a mid-growth spurt in height in approximately two-
thirds of the children in their study, when each child’s height velocity data were
modelled by Stiitzle et al. (1980)’s shape-invariant model. They indicated that
a small but significant mid-growth spurt was found in most height and length
measurements. The mid-growth spurt seemed to be slightly more pronounced
in boys than in girls. The peak of the mid-growth spurt occurred between 6.5
and 8.5 years. The height of the peak varied from 0.3 to 0.7 cm/year for the
different measurements (estimated from the smoothed median velocity curves)

(Molinari et al., 1980).

Pan and Ratcliffe (1992) studied the dynamics of child growth because they
were interested in average velocity or acceleration curves based on 1-year in-
tervals rather than instantaneous velocity or acceleration curves. They ex-
plored the VADK method of deriving velocity and acceleration curves. They
explored the examples using longitudinal height data by residual analysis of
the distance curves fitted by Optimal Kernel (OK). They also compared the ve-
locity and acceleration curves fitted by VADK from distance curves with those
by OK method calculated directly from the measurements. Using a sample of
60 children, Pan and Ratcliffe (1992) found that the shape of peak spurt (PS)
using the VADK was close to that by the OK with specified bandwidth speci-
fied at about 2.5 years for velocity and 3.0 years for acceleration, which are on

average about 0.8 years less than the optimal bandwidth.



Literature review 10

Renes et al. (2015) stated that growth hormone (GM) treatment is effective
in improving adult height (AH) in short children born with Small for Gesta-
tional Age (SGA). The authors found that during puberty, height Shwachman-
Diamond Syndrome (SDS) declined (-0.4 SDS in boys and -0.5 SDS in girls) re-
sulting in a lower total height gain SDS than expected. They also highlighted
that pubertal height gain was 25.5 cm in boys and 15.3 cm in girls, significantly
lower compared to Anti-Gliadin Antibodies (AGA) children (p < 0.001). Growth
velocity was comparable to AGA children during the first two years of puberty,
but thereafter significantly lower until reaching AH (p < 0.001) (Van Gameren-
Oosterom et al., 2012).

In London schools with a high ethnic mix, Lum et al. (2015) found that the
pattern of puberty differs between boys and girls. The size and lung func-
tion in children study took place from 2011 to 2013 and comprised children
aged 5-11 years, with parental consent, from 14 London schools with a high
ethnic mix. Their study was designed to explore ethnic differences in lung
function and body physique in a multi-ethnic population of London school chil-
dren. They collected both self-reports and parental reports of pubertal status
in children aged 8 — 11 years, both to investigate the feasibility of assessing
the attainment of secondary sex characteristics, as a proxy for pubertal sta-
tus in this population, and explored any ethnic differences in rates of pubertal
attainment. A wide range of physiological and anthropometric baseline assess-
ments were undertaken in the schools, with assessments being repeated a year
later whenever possible. Parents provided information about their own eth-
nicity, and their child’s, by filling in a study questionnaire. This was used to
broadly categorise children as: White (European ancestry), of Black African
origin (Black African or Black Caribbean descent); of south Asian origin (from
India, Pakistan, Bangladesh or Sri Lanka) and other/mixed ethnic cities. Socio-

economic circumstances were measured using the Family Affluence Scale (Lum
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et al., 2015). Menarche and voice breaking are both very late signs of puberty,
and a child will have had some development for at least a year before these
occur. The pattern of puberty differs between boys and girls. The pubertal
growth spurt starts when breast development occurs in girls, but is delayed
until mid-puberty in boys. They also found that boys are likely to have some
pubertal development, such as hair and testicular growth, which no one than
parents would notice prior to their pubertal growth spurt (Lum et al., 2015).
Their findings suggested that parental reports of pubertal development may be
preferable for large epidemiological studies when crude estimates of matura-
tion are needed for children under 12 years of age, as these provided greater

certainty than self-reports by children of this age (Lum et al., 2015).

In Sweden, Protudjer et al. (2015) stated that asthma may be associated with
shorter height and delayed growth during adolescence. The aim of their study
was the association between asthma and puberty in boys and menarche in girls,
and height, in a cohort of twins and subsequently in same-sex twin pairs discor-
dant for asthma. Parent and self-reported data on asthma, puberty/menarche,
and height were collected. Pubertal staging was established via the Petersen
index. Logistic and linear regression was used to estimate associations be-
tween asthma and puberty/menarche and height, respectively. For within-pair
analyses in twins discordant for asthma, conditional logistic and linear re-
gression were used. The authors found that among boys, asthma prevalence
was 8.2% at 8.9 years and 10.2% at 13 — 14 years. Corresponding numbers
for girls were 4.2% and 4.8% respectively. They further found that in the en-
tire cohort, no statistically significant associations were found between current
asthma and puberty/menarche. According to Protudjer et al. (2015) boys with
asthma were shorter than boys without asthma at 8.9 years (on average, 1.86
[0.17 — 3.56] cm, p = 0.03) and at 13 — 14 years (on average, 2.94 [0.98 — 4.91] cm,
p = 0.003), but not at 19 — 20 years. They did not find such associations for girls
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(Protudjer et al., 2015).

Dalskov et al. (2015) indicated that earlier studies on seasonality in growth
reported the largest height gains during spring and largest body weight gains
during autumn. They found that average velocities showed that height was
higher than the average (6.10 cm/year) and body weight was below the average
(4.02 kg/year). Their findings suggested seasonality in growth and body com-
position of Danish children (Dalskov et al., 2015).

Van Gameren-Oosterom et al. (2012) found that the growth of healthy Dutch
children with Down Syndrome (DS) and those who suffer from congenital heart
defect (CHD) showed no difference in mean height standard deviation score
(SDS) (p = 0.832) and head circumference (HC) SDS (p = 0.790). Both girls
and boys with DS and severe CHD had significant lower mean height SDS and
HC SDS compared to healthy children with DS or children with DS with mild
CHD (both p-values < 0.001). Mean height was observed to be 0.4 SD lower.
This growth retardation arises in the first year of life; during childhood no fur-

ther deflection in growth was observed (Van Gameren-Oosterom et al., 2012).

Carrascosa et al. (2012) stated that longitudinal growth studies show that age
at pubertal growth spurt onset occurs as a continnum and is sex dependent.
They found that the onset of pubertal growth spurt began between the ages
of 8 and 13 in girls and 10 and 15 in boys. In both sexes, the earlier start of
pubertal growth spurt indicated high PHV and the total pubertal height gain.
Carrascosa et al. (2012) also found that the height at onset of pubertal growth
spurt was lower in the early than in the late maturity groups in Spanish boys

and girls.

Georgopoulos et al. (2012) determined the impact of intensive training on adult
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final height in elite female rhythmic gymnasts (RG) and artistic gymnasts
(AG). Their findings showed that growth velocity SD score highest values were
recorded at the age of 14 years for RG and at the age of 15 years for AG. They
found that it was of particular interest that, although height velocity in normal
girls comes to an end by the age of 15, in their examined RG and AG it contin-
ued up to the age of 18 years (Georgopoulos et al., 2012). The age of recalled
menarche was similar in both groups: 15.6+1.9 years for RG and 15.5+1.6 years
for AG. The results of their study clearly demonstrate and strengthen their
preliminary findings (Georgopoulos et al., 1999; Georgopoulos et al., 2001) that
female elite RG achieve normal final height in accordance with their genetic
predisposition. In contrast, in female AG a slight impairment of growth poten-

tial, albeit within normal limits was observed (Georgopoulos et al., 2012).

Kryst et al. (2012) examined the secular changes in height, body weight, BMI
and pubertal development in male children and adolescents in Krakow, Poland.
The mean body height, in almost all age categories, was greater than in the
past. However, the final height over the last decade remained the same. They
also observed an acceleration of puberty in boys. The authors also noticed a
distinct acceleration of puberty. Lack of height increase, at the same time as
weight gain and puberty acceleration, indicate a progressing developmental

disharmony (Kryst et al., 2012).

Schonbeck et al. (2012) stated that the records from the height data showed
that the mean height in the Netherlands has increased since 1858. Their
study looked at whether this trend in the world’s tallest nation is continu-
ing. Their analysis showed that height by age was the same as in 1997. Mean
final height was 183.8 cm (SD=7.1 cm) in boys and 170.7 cm (SD=6.3 cm) in
girls. Schonbeck et al. (2012) concluded that the world’s tallest population has
stopped growing taller after a period of 150 years. They further said that there
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was a slight increase in mean height in early puberty in boys and girls, indicat-
ing that they were taller at a younger age than in 1997. However, this did not
affect the final height, as no significant differences in final height were seen as

compared with 1997 (Schonbeck et al., 2012).

Bournez et al. (2012) assessed the longitudinal growth pattern in a large French
cohort of patients with cystic fibrosis (CF), to determine the extent to which
puberty contributed to final height and to explore a potential relationship be-
tween growth, nutritional status and respiratory function. They found that
in girls, height was similar to the reference population until age 11. Age at
onset of puberty was the same as in reference girls. The pubertal spurt was
lower than reference values and contributed less to the final adult height. In
boys, the mean height was close to the reference mean until age 14 and was
thereafter lower. Age at growth acceleration was similar to that in reference
boys, but with an impaired PHV. The final height was lower than in the general
population (z score -0.73). No correlations were found between BMI and PHV.
In girls, there was a weak but significant positive relationship between PHV
and forced expiratory volume in 1 (FEV1) (r = 0.17, p = 0.02). Bournez et al.
(2012) concluded that children with CF had a normal age of onset of puberty
and pubertal spurt with a low PHV. Puberty contributed less to final adult
height and neither BMI nor FEV1 had a significant effect on pubertal height
gain (Bournez et al., 2012).

Silventoinen et al. (2012) established that adult height is inversely associated
with the risk of coronary heart disease (CHD), but it is still unknown which
phase of the human growth period is critical for the formation of this associ-
ation. In their results, Silventoinen et al. (2012) found that boys were nearly
1 cm taller than girls until age 11 at which the age difference in height dis-

appeared and thereafter girls were slightly taller. Growth was most rapid be-
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tween 11 and 12 years of age in girls (6.2 cm) and between 12 and 13 years of
age in boys (5.8 cm). From 10 to 12 years of age, the SD was larger in girls
than in boys whereas the opposite was true at age 13. A clear increase in the
mean height across the birth years was observed. It was observed that risk
of CHD in adulthood is inversely related to height at ages 7 through 13 years
(Silventoinen et al., 2012).

Schaffrath et al. (2011) studied height-for-age percentiles representative for
German infants, children and adolescents and compared them with older Ger-
man height references by Kromeyer-Hauschild, which are based on heteroge-
neous pooled data (KH) and with international growth charts from the Centre
for Disease Control (CDC) as well as the growth standard and the growth ref-
erence of the WHO. Their findings show that height for age percentile in Ger-
man Health Interview and Examination Survey for Children and Adolescents
(KiGGS) increase until age 16 years in girls and until the end of the observed
age range (17.98 years) for boys. In general, boys are taller than girls, except
for the age range 10.5 — 13.0 years. The difference in height between boys and
girls in negligible before puberty and reaches 13 cm at age 17.98 years. KiGGS
and KH percentile differ only slightly. However, there are substantial differ-
ences in SD-scoe levels between KiGGS on the one hand, and WHO and CDC on
the other hand, KiGGS generally being higher, especially in the extreme per-
centiles (Schaffrath et al., 2011). Schaffrath et al. (2011) recommended that
the KiGGS height for age references be adopted as a national height reference
for screening and monitoring growth in infants (starting from 4 months of age),

children and adolescents in Germany.

Martinelli et al. (2011) studied melanocortin receptor 4 (MC4R) deficiency which
is made by increased linear growth greater than the degree of obesity. They

found that the mean birth weight (3.2 kg) and birth length (52 cm) of MC4R-
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deficient children is in the UK population (Cole et al., 1995). When they exam-
ined growth charts in 43 MC4R-deficient children, they observed that growth
velocity increases markedly in the first year of life, and the growth curve usu-
ally exceeds the 99th percentile by the age of 2 years. At all ages, Martinelli
et al. (2011) found that the mean height SDS of MC4R-deficient children was
significantly greater than equally obese children with normal MC4R genotype.
Compared with the obese controls, the final height of male and female MC4R-
deficient subjects was increased (mean standard error of the mean [SEM] 173+
2.5 vs. 168 & 2.1 for males, p < 0.001; mean 165 + 2.1 vs. 158 + 1.9 for females,
p < 0.001) (Martinelli et al., 2011). Argente et al. (1997) discussed that child-
hood obesity is often associated with increased linear growth, although the

mechanisms linking energy balance and growth remain unclear.

Voorhoeve et al. (2011) investigated the relationship between the androgen re-
ceptor (AR) cytosine-adenine-guanine (CAG) repeat polymorphism and longi-
tudinal growth, puberty and body composition from pre-puberty until young
adult age. Voorhoeve et al. (2011) found that height SDS were inversely as-
sociated with AR CAG repeat length in boys at young, pre-pubertal and early
pubertal age. This association diminishes in the following years and completely
disappears after the age of 16 years. No associations were found with puber-
tal stage or any of the other parameters for body composition. They concluded
that AR CAG repeat length is inversely associated with longitudinal height
in young boys, before the onset of puberty. It was also noted that during pu-
berty, these differences disappear, possibly overruled by a strong developing

hypothalamic-pituitary-gonadal axis (Voorhoeve et al., 2011).

Ginther et al. (2011) investigated the association of pre-pubertal dietary en-
ergy density (ED) with both age and body fatness at the start of the pubertal
growth spurt (age at take-off, ATO). They found that ATO took place approx-
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imately 1.5 years earlier in girls than in boys. ED was not related to later
pubertal markers, that is age at PHV (p = 0.5 — 0.8) and age at menarche
in girls (p = 0.9 — 0.99). Their results suggested that healthy children with
higher pre-pubertal ED do not experience their pubertal growth spurt earlier

(Guinther et al., 2011).

Buyken et al. (2011) investigated whether the development of body composition
into adolescence differs among children with an early, average, or late puber-
tal growth spurt ATO. They found that those girls with an early or average
ATO experienced a significant increase in fat-free mass index (FFMI) z-scores
[(standard error) for linear trends in early and average ATO group: +0.15(0.05)
FFMI z-scores/year (p = 0.001) and +0.11(0.04) FFMI z-score/year (p = 0.005),
respectively, adjusted for early life factors]. Similar differences were observed
in boys [adjusted (standard error): +0.20(0.06) FFMI z-scores/year (p = 0.0004)
and +0.07(0.05) FFMI z-scores/year (p = 0.1), respectively]. They concluded
that their longitudinal study suggests that children who experience an early
pubertal growth spurt accrue progressively more fat-free mass during the first
years of puberty than late-maturing peers of the same age. Higher levels of adi-
posity commonly observed in adults with early puberty onset are thus, likely

to develop subsequently in later adolescence (Buyken et al., 2011).

Tarim (2011) stated that hypothyroidism is a well-known cause of growth retar-
dation. Height prognosis in children with late-diagnosed congenital hypothy-
roidism is guarded. Although treatment leads to an initial catch-up growth
spurt, prolonged hypothyroidism may result in compromised adult height (Kan-
demir and Yordam, 2000). On the other hand, hyperthyroidism has been re-
ported to accelerate growth in normal children and in patients with Turner
Syndrome (Massa et al., 1992). However, whether this temporary growth spurt

increases final height is not known (Tarim, 2011).



Literature review 18

Wehkalampi et al. (2010) stated that subjects born preterm at very low birth
weight (VLBW), as well as those with birth-weight-appropriate for gestational
age, have advanced pubertal growth spurts compared with peers born at term.
The authors opted to investigate the timing of pubertal growth in subjects born
preterm with VLBW compared with controls. Their study followed subjects
born preterm including 188 VLBW and 190 term-born control subjects. Growth
data were available for 128 VLBW and 147 control subjects, of whom they ex-
cluded 15 and 1, respectively, because of neurological impairment. Timing of
pubertal growth spurt was estimated by assessing the ages, corrected for ges-
tational age at birth, at acceleration (take-off) and PHV of pubertal growth,
and age at attaining adult height. Wehkalampi et al. (2010) found that all
components of pubertal growth occurred earlier in VLBW subjects than in con-
trols. Age at take-off was 0.8 years earlier (95% CI: 0.4 — 1.3) in those born
small for gestational age. VLBW subjects were more likely to have a pubertal
growth spurt that was at least two years earlier than population average [OR:
3.8 (95% CI: 1.5 — 9.6)]. They concluded that pre-maturing per se is associated
with advanced pubertal growth. Advanced puberty may be among the fac-
tors mediating adult metabolic outcomes in subjects born preterm with VLBW

(Wehkalampi et al., 2010).

Toumba et al. (2010) determined the beneficial effects of long-term growth hor-
mone (GH) treatment on final height (FH) in 26 children with Russell-Silver
Syndrome (RSS). Twenty-six patients (16 males) were diagnosed with RSS at
a median age of 2.9 years according to clinical criteria. All patients were pre-
pubertal at the commencement of treatment. They received treatment with
biosynthetic human GH for 9.8 years (median) and all attained FH. They found
that the median height at the commencement of treatment was -2.7 SDS and
increased to -1.3 SDS (p = 0.001). Toumba et al. (2010) further indicated that

a significant improvement of growth in RSS children has been shown after 10
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years of GH treatment with a FH of -1.3 SDS. The shorter the patient at the
start of the treatment, the greater the increment in FH. A significant response

is also shown at the onset of puberty. GH treatment may also have a beneficial

effect on the spinal length of RSS children (Toumba et al., 2010).

Ginther et al. (2010) stated that early puberty onset is associated with hormone-
related cancers, but whether diet in childhood influences pubertal timing is
controversial. In their study, they examined the association of protein intake in
early and mild-childhood with the ages at take-off of the pubertal growth spurt,
peak height velocity, and menarche in girls and voice break in boys using data
from the longitudinal Dortmund Nutritional and Anthropometric Longitudi-
nally Designed study. They used life-course plots to identify critical periods of
total, animal, and vegetable protein intake (percentage of total energy intake)
for pubertal timing. The association between tertiles of protein intake (T1-T3)
and the outcome was investigated using multiple linear regression analysis.
Ginther et al. (2010) found that a higher total and animal protein intake at
5 — 6 years was related to an earlier ATO. In height tertile of animal protein
intake at 5 — 6 years, ATO occurred 0.6 years earlier than in the lowest [(mean,
95% CI) T1: 9.6,9.4—9.9 vs. T2: 9.4,9.1—9.7 vs. T3: 9.0, 8.7 —9.3 years; p-trend
=0.003, adjusted for sex, total energy, breast-feeding, birth year, and paternal
university degree]. Similar findings were seen for APHV (p-trend =0.001) and
the timing of menarche/voice break (p-trend =0.02). Conversely, a higher veg-
etable protein intake at 3 — 4 and 5 — 6 years was related to later ATO, APHYV,
and menarche/voice break (p-trend =0.02 — 0.04). These results suggest that
animal and vegetable protein intake in mild-childhood might be differently re-

lated to pubertal timing (Giinther et al., 2010).

Aksglaede et al. (2009) stated that recent studies have shown that puberty

starts at younger ages than previously. It has been suggested that the increas-
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ing prevalence of childhood obesity is contributing to this trend. Aksglaede
et al. (2009) analysed the association between pre-pubertal BMI and pubertal
timing, as assessed by age at onset of pubertal growth spurt (OGS) and at PHV,
and the secular trend of pubertal timing given the pre-pubertal BMI. They
found that in all birth cohorts in both girls and boys pre-pubertal BMI was sig-
nificantly inversely associated with earlier age at OGS and PHYV, although with
some irregularity in boys from the earliest birth cohorts. The heavier at age 7
years the earlier did the children enter puberty whether assessed by OGS or
PHV (Aksglaede et al., 2009).

Age at pubertal growth spurt (PGS) onset varies and is sex-dependent (Ferran-
dez et al., 2009). In their study, Ferrandez et al. (2009) presented anthropo-
metric pubertal growth data for five 1-year interval age maturity groups: very
early, early, intermediate, late and very late. They evaluated ages at PGS on-
set and adult height attainment, total pubertal growth, and PHV. PGS began
between the ages of 10 and 15 in boys and eight to 13 in girls. Children were al-
located to the corresponding one-year interval age maturity group. They found
that for each sex, the earlier the start of PGS onset, the higher were PHV and
total pubertal growth gain. However, adult heights were similar among the
five pubertal maturing groups. Height SDS values for mean values of the very
early, early, late, and very late maturing groups calculated according to data
from the five pubertal maturing groups taken together as a single group dif-
fered from zero in both sexes, mainly during the pubertal years for the very
early (> +1) and very late (> —1) maturers. These differences disappeared
at adult height. Ferrandez et al. (2009) concluded that their data might con-
tribute to better clinical evaluation of pubertal growth according to individual

pubertal maturity tempo.

It is controversial whether pre-pubertal body composition is implicated in the
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timing of puberty onset (Buyken et al., 2009). The objective of their study was
to investigate whether body composition in the two years preceding the start
of the pubertal growth spurt-a maker of puberty onset-is associated with the
attainment of early and late pubertal markers in healthy German boys and
girls. Buyken et al. (2009) found that higher BMIs and FM/m? z scores 1 and
2 years before ATO showed modest associations with chronological age at ATO
among girls only (girls: p for = trend 0.05 — 0.1, adjusted for early life fac-
tors; boys: p = 0.2 — 0.6). FFM/m? z scores were not related to age at ATO (p
for trend = 0.5 — 0.8). Conversely, pre-pubertal BMI and FM/m? more clearly
predicted APHV and puberty duration (APHV minus ATO) in both sexes and
age at menarche in girls (girls: adjusted p for trend < 0.0001 — 0.03; boys:
p = 0.01 — 0.046). Buyken et al. (2009) concluded that their longitudinal study
suggests that pre-pubertal body composition in healthy boys and girls may not
be critical for the initiation of the pubertal growth spurt but instead affects
the progression of pubertal development, which results in earlier attainment

of later pubertal stages.

Ratcliffe et al. (2009) said that the availability of a cohort of eight unselected
XYY boys identified by newborn cytogenetic screening has enabled their growth
to be studied longitudinally in comparison with controls from the same popu-
lation. While no difference had been found in dimensions at birth, increased
height velocity in childhood resulted in the XYY boys being 7.6 cm taller at the
onset of their pubertal growth spurt. Increased intensity of growth at puberty
with a PHV of 10.6 cm/year contributed to their adult height of 188.1 cm. XYY
boys showed twice the male-female difference in height implying that genes
on the Y chromosome exert a quantitative effect on the sexual dimorphism of

growth (Ratcliffe et al., 2009).

Aksglaede et al. (2008) indicated that entering puberty is an important mile-
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stone in reproductive life and secular changes in the timing of puberty may
be an important indicator of the general reproductive health in a population.
They further said that too early puberty is associated with several psychoso-
cial and health problems. The aim of their study was to determine if the age at
onset of pubertal growth spurt and PHV during puberty show secular trends
during four decades in a large cohort of Danish school children. Aksglaede
et al. (2008) found that in this period (year of birth 1930 to 1969), age at OGS
declined statistically significantly by 0.2 and 0.4 years in girls and boys, re-
spectively, whereas age at PHV declined statistically significantly by 0.5 and
0.3 years in girls and boys, respectively. The decline was non-linear with a lev-
elling off in the children born between 1940 and 1955. The duration of puberty,
as defined by the difference between age at OGS and age at PHV, increased in
boys, whereas it decreased in girls. Their finding of declining age at OGS and
at PHV indicates a secular trend towards earlier sexual maturation of Danish
children born between 1930 and 1969. Only minor changes were observed in
duration of puberty assessed by the difference in ages at OGS and PHV (Aks-
glaede et al., 2008).

Silventoinen et al. (2008) stated that previous studies have suggested that the
timing of puberty is associated with BMI in childhood and adult stature. The
genetic background of these associations is not thoroughly investigated; hence,
they aimed to analyse it in a longitudinal twin cohort. Silventoinen et al. (2008)
found that the heritability estimate was 0.91 for age at onset of pubertal growth
spurt, 0.93 for age at PHV, and 0.97 for adult height. Age at onset of pubertal
growth spurt was negatively associated with BMI from 1 to 10 years of age and
stature in early adulthood. For age at PHV, they found similar associations
with childhood BMI and stature in early adulthood. These associations were
explained by common genetic factors. They concluded that growth during pu-

berty is strictly genetically regulated. These genetic factors also explain why
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boys who matured early had higher BMI through childhood and taller stature
in early adulthood (Silventoinen et al., 2008).

Erlandson et al. (2008) compared the somatic growth, sexual maturation, and
final adult height of elite adolescent female athletes. They found that gymnasts
were significantly shorter than tennis players and swimmers at all chrono-
logical ages during adolescence, and they attained menarche at an older age
(p < 0.05). No significant differences were found in adult heights. The results
from their study suggests that regular training did not affect final adult stature
and that, when aligned by biological age, the tempo of sexual maturation was

similar in these young athletes (Erlandson et al., 2008).

Swenne (2008) investigated weight and growth requirements for menarche in
girls with eating disorders, weight loss and primary amenorrhea. The author
found that weight loss started at an age of 12.4 + 1.6 years from a top weight of
41.7 + 7.1 kg. Approximately a year later girls had lost 5.1 + 4.3 kg and grown
only 2.8 + 3.5 cm. Following treatment and weight gain, growth accelerated
and the girls reached a PHV of 4.3+ 2.6 cm/year 2 years before menarche which
occurred at an age of 15.5+ 1.6 years at a weight of 52.2 + 5.3 kg. Swenne (2008)
further said that following treatment, girls with eating disorders and primary
amenorrhea progress through puberty at a slowed rate. The weight required
for menarche can be predicted by the pre-pubertal weight which may repre-
sent the individual’s normal growth track unaffected by the eating disorders

(Swenne, 2008).

Longitudinal changes in height, weight and physical performance were stud-
ied in 33 Flemish male youth soccer players who made the Ghent Youth Soccer
Project (Philippaerts et al., 2006). The estimations of PHV, peak weight veloc-
ity and age at PHV were 9.7 + 1.5 cm/year, 8.4 4+ 3.0 kg/year and 13.8 + 0.8 years,
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respectively. Peak weight velocity occurred, on average, at the same age as
PHV. A plateau in the velocity curves was observed after PHV for upper-body
muscular endurance, explosive strength and running speed. Flexibility exhib-
ited peak development during the tear after PHV. Trainers and coaches were
advised to be aware of the individual characteristics of the adolescent growth

spurt and the training load should also be specified (Philippaerts et al., 2006).

The differences observed among racial and ethnic groups areas are attributed
to the environmental factors such as nutrition and infections, as opposed to
ethnicity and racial background (Amirhakimi, 2015). Growth curve or latent
trajectory models have been used in the analysis of child growth over time,
for example, to determine whether behaviour, height and/or weight differ for
boys and girls (Fiona Steele, University of Bristol). Growth curve models pos-
tulate the existence of individual underlying trajectories, with changes over
time providing information on these trajectories. Growth curves can be es-
tablished based on longitudinal, cross-sectional, and mixed longitudinal and

cross-sectional studies (Amirhakimi, 2015).

Cross-sectional studies make comparisons at a single point in time, while lon-
gitudinal studies make comparisons over time. Longitudinal studies, being
the most difficult and time-consuming of these studies, are less frequently per-
formed, and only a few are reported in the literature (Amirhakimi, 2015). On
the other hand, cross-sectional studies are easier to perform, and in the de-
veloped countries where the influence of environmental factors are reduced to
a minimum, could reliably be accepted as the standard, when performed on
a large segment of population. On the contrary, this type of study, when per-
formed in developing countries, where malnutrition and infection, the major
determinants to preventing children to reach their growth potential, are still

fairly common, should not be used as standard, although they constitute in-
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formative and valuable data for future comparisons (Amirhakimi, 2015). Al-
though critical for monitoring child growth development in developing coun-
tries, it is expensive to conduct such studies, hence few developing countries
would be able to carry out such studies, even for limited time periods. South

Africa is fortunate to have conducted the BT20 and ELS, among a few.

Relationships between patterns of growth in infancy and childhood and the
risk of later chronic diseases such as obesity and cardiovascular diseases have
been well described (Carles et al., 2016). Many studies are now focusing on the
determinants of growth. They are mainly studied at one or few time points,
but there is a need to analyse their association more globally with longitudinal
pattern of growth of children for a better understanding of their consequences.
The paucity of longitudinal studies and the lack of relevant methodologies do
not allow the precise characterisation of the pattern of growth of children and
the identification of when the difference in the body mass index (BMI) between
different groups emerges (Carles et al., 2016).

2.1.2 North America

Rogol et al. (2000) highlighted that growth during childhood is a relatively sta-
ble process. The infancy shifts in the growth pattern are complete and the child
follows the trajectory attained previously. In USA, until about the age of four
years, girls grow slightly faster than boys and both sexes then average a rate
of 5 — 6 cm/year and 2.5 kg/year until the onset of puberty (Rogol et al., 2000).
The onset of puberty corresponds to a skeletal (biological) age of 11 years in
girls and 13 years in boys. On average, girls enter and complete each stage of

puberty earlier than boys.

At Harvard University’s School of Public Health, a mid-childhood growth spurt
in height was found in 17 of 67 units boys and 0 in 67 units girls followed from
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age two years to adulthood. The growth spurt was detected analytically from
variable knot cubic splines which were fitted to the longitudinal height data of
each child at the Harvard University’s School of Public Health (Berkey et al.,
1983).

Nicholson et al. (2015) examined the ossification of the iliac apophysis and the
timing of the peak height velocity (PHV). They followed longitudinally ninety-
four healthy children (forty-nine girls and forty-five boys), from 3 — 18 years
old through growth with annual serial radiographs and physical examinations.
The PHV was calculated using the height measurements of each child. They
measured and compared calcaneal and iliac crest apophyseal ossification us-
ing foot and pelvic radiographs made on the same day. They correlated the
PHYV with the degree of calcaneal and iliac ossification (Nicholson et al., 2015).
They found that ossification of the calcaneal apophysis occurred in an orderly
fashion, with the ossification centre first appearing a mean of 4.7 years (95%
confidence interval [CI], 5.2 to 4.2 years) before the PHV. Iliac apophyseal ossi-
fication did not appear prior to the PHV in any subject (Nicholson et al., 2015).

Another study in the USA by Granados et al. (2015) examined the relationship
between PHV and pubertal staging. Their study recruited a total of 1364 chil-
dren whose birth was normal, uncomplicated and who were born to healthy
mothers. Height and weight measurements were performed up to 11 times
throughout their study, at ages 2, 3, 5, 7, 9 to 15 years. Since not all children
were measured at all time points, they performed imputations using Stata sta-
tistical software. After imputing data, they excluded 616 subjects with more
than 2 missing measurements after 6 years of age for girls and 8 years for
boys. Additionally, they excluded 346 participants since negative height data
were recorded in the imputed data. They included 402 subjects with available

information on weight, height and pubertal staging. Menarche data was ob-
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tained by maternal report via questionnaire. Height velocity was calculated as
the increment in height divided by the difference in age between two consec-
utive measurements at their study visits. PHV was identified as the largest
increase in height velocity after age 6 years for girls and after age 8 years for
boys and the age corresponding to that PHV was tagged as age at PHV (Grana-
dos et al., 2015). They found that the mean age at PHV was 12.1 years (1.4 SD)
for females and 13.7 years (1.4 SD) for males. PHV for females was 9.8 cm/year
and for boys was 11.3 cm/year. They further found that the majority of girls
(69.1%) had achieved PHV by tanner staging 3 and the majority of boys by tan-
ner staging (58.9%). Additionally, they found that 70.6% of girls had attained
their PHV by the time of menarche (Granados et al., 2015).

According to Gay et al. (2014) growth and maturation may impact adoles-
cent behaviour and development of psychological disorders. Currently age at
menarche is used as the primary marker of maturation, even though it occurs
later than other indicators of growth such as PHV. Maturity offset predicting
age at PHV has not been validated in diverse samples. Anthropometric mea-
sures and self-reported age at menarche were obtained for 212 female athletes
aged 11 to 16 years (mean = 13.25). They reported that the shared variance
between menarcheal age and estimated age at PHV was small (?2=5.3%). The
Pearson’s correlation between chronological age and age at PHV (r = 0.69) was

stronger than with age at menarche (r = 0.26) (Gay et al., 2014).

Berkey et al. (2011) indicated that adult women with retrospective data and
childhood adiposity were at risk of having benign breast disease (BBD) and
or breast cancer. They found that girls with most rapid peak height growth
(PHV> 8.9 cm/year) were at increased risk for biopsy-confirmed BBD (OR, 2.12;
p = 0.09) relative to those whose peak growth was slowest. Girls growing most

rapidly had significantly increased risk (OR, 1.88; p = 0.04). Berkey et al.
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(2011) also found that girls with later age at menarche tend to have lower PHV
(r = —0.12). PHV was the strongest predictor of biopsy-confirmed BBD (OR,
2.09 for fastest growing girls relative to slowest with p = 0.09, whereas for age
at menarche, all p > 0.16). When they analysed all reported BBD cases, PHV
remained the stronger predictor of BBD (OR, 1.84; p < 0.05, for fastest growing

girls, whereas all p > 0.64 for age at menarche variables) (Berkey et al., 2011).

Baxter-Jones et al. (2011) in their study found that age and weight increased
with increasing biological age (BAge), with females maturing earlier than males
at PHV (BAge=0), the average age was 11.8(%1.0) years in females and 13.5(41.0)
years in males. Bone area and bone mineral content were measured from child-
hood to young adulthood at the total body, lumbar spine, total hip, and femoral
neck. Bone area and bone mineral content values were expressed as a percent-
age of young-adult values to determine if and when values reached a plateau.
Data were aligned on biological ages (years from PHV) to control for maturity.
Significant differences were found between chronological age at each BAge be-
tween males and females (p < 0.05), reflecting the earlier maturational pat-
tern of females. Stature increased significantly until three years after PHV
(p < 0.05) for both males and females. A similar pattern was found for weight

(Baxter-Jones et al., 2011).

Biro et al. (2010) examined longitudinal changes in waist-to-height ratio and
components of BMI among young and adolescent girls of black and white race.
They recruited girls at age nine through the National Heart, Lung, and Blood
Institute Growth and Health Study and were followed annually over 10 years.
Girls were grouped into low (<20th percentile), middle, and high (>80th per-
centile) BMI on the basis of race-specific BMI percentile rankings at age nine,
and low, middle, and high waist-to-height ratio, on the basis of waist-to-height

ratio at age 11. BMI was partitioned into fat mass index and fat-free mass
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index. They found that girls accrued fat mass at a greater rate than fat-free
mass, and the ratio of fat mass to fat-free mass increased from ages 9 through
18. There was a significant increase in this ratio after age at PHV. They con-
cluded that in girls, higher BMI levels during childhood lead to greater waist-
to-height ratios and greater than expected changes in BMI by age 18, with
disproportionate increases in fat mass. These changes are especially evident
in adolescent girls of black race and after the pubertal growth spurt (Biro et al.,

2010).

Kuc-Michalska and Baccetti (2010) estimated and compared the duration of
the pubertal growth peak in class I and class III subjects. They examined data
consisted of pretreatment lateral cephalometric records of 218 skeletal Class I
or Class III subjects (93 female and 125 male subjects) of white ancestry. The
duration of the pubertal peak was calculated from the average chronological
age intervals between stages of the cervical vertebral maturation in Class I vs
Class III groups (t-test). They found that in skeletal class I subjects, the pu-
bertal peak had a mean duration of 11 months, whereas in class III subjects
it lasted 16 months. The average difference (5 months) was statistically sig-
nificant. They further indicated that the growth internal corresponding to the
pubertal spurt was longer in class III subjects than in subjects with normal
skeletal relationships; the larger increases in mandibular length during the
pubertal peak reported in the literature for class III subjects may be related to

the longer duration of the pubertal peak (Kuc-Michalska and Baccetti, 2010).

Zeger et al. (2010) reported that untreated girls with Turner Syndrome have
growth failure, and adult height is, on average, 20 cm less than predicted
height. They investigated the benefit of adding oxandrolone (Ox) to GH in a
long-term, randomized, placebo (Pl)-controlled prospective trial to near adult

height in Turner Syndrome. 76 girls with Turner Syndrome (ages 10-14.9
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years) were randomized to receive Ox (0.06 mg/kg/day) or Pl in combination
with GH (0.35 mg/kg/week, daily) over two years. They measured Auxologic
data, breast and pubic hair Tanner stages, and hormone and lipid levels. They
followed subjects who chose to continue in a two-year double-blind extension,
also received estrogen therapy (years three, four), and had dual-energy X-ray
absorptiometry evaluation of bone density (years three, four). In their find-
ings, Zeger et al. (2010) found that at year 4, the change in absolute height
and height SDS was greater in the GH/Ox versus GH/Pi group [26.2 + 6.7 vs.
22.2 + 5.1 cm, analysis of covariance (ANCOVA), p < 0.001; 1.8 0.9 vs. 1.2+ 0.7
SDS, ANCOVA p < 0.001]. They further indicated that the addition of Ox to
GH at mean age 12.0 £ 1.7 year augmented height gain after 4 years of treat-
ment, slowed breast development and did not affect bone mineral density in

girls with Turner Syndrome (Zeger et al., 2010).

Lee et al. (2010) examined the association between BMI and timing of puber-
tal onset in a population-based sample of US boys. They found that boys in
the highest BMI trajectory (mean BMI z score at age 11.5 years, 1.84) had a
greater relative risk of being pre-pubertal compared with boys in the lowest
BMI trajectory (mean BMI z score at age 11.5 years, -0.76) (adjusted relative
risk =2.63; 95% CI, 1.05—6.61; p = 0.04). The relationship between body fat and
timing of pubertal onset is not the same in boys as it is in girls (Lee et al., 2010).
The authors recommended further studies to better understand the physiolog-

ical link between body fat and timing of pubertal onset in both sexes.

Blood Pressure (BP) and growth increase at an accelerated rate during puberty
(Tu et al., 2009). The purpose of their investigation was to examine the rate of
BP change in relation to pubertal growth with the intent to shed light on new
mechanisms by which BP is regulated. Tu et al. (2009) found that average ages
at PGS were 11.5 for girls and 13.3 for boys. Fitted spline models estimated
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that at the time of PGS, the mean systolic BP was 100 mmHg for girls and 107
mmHg for boys; the mean diastolic BP at the PGS was 59 mmHg for girls and
61 mmHg for boys. The most intriguing observation was that rate of change
in systolic BP and weight peaked at precisely the estimated PGS. Pubertal in-
creases in growth and blood pressure peak at precisely the same age (Tu et al.,

2009).

Rapid weight gain in the first years of life is associated with adult obesity (Bot-
ton et al., 2008). The objective of Botton et al. (2008)’s study was to study
anthropometric measures in adolescence by sex according to weight and height
growth velocities at different ages between birth and five years. They found
weight growth velocity at three months was associated with overweight (OR
for 1-SD increase: 1.52; 95% CI: 1.04, 2.22), fat mass, and waist circumference
in adolescence in both sexes and with fat-free mass in boys (r = 0.29, p < 0.001)
but not in girls (r = —0.01, NS). Weight growth velocities after two years were
associated with all anthropometric measures in adolescence, in both sexes. Be-
tween six months and two years, weight growth velocities were significantly
associated only with adolescent height in boys. In girls, associations with fat
mass in adolescence were weaker. Their results support the hypothesis of two
critical windows in early childhood associated with the later risk of obesity: up

to six months and two years onward (Botton et al., 2008).

Several recent studies suggest that the timing of the onset of puberty in girls
has become earlier over the past 30 years, and there is strong evidence that
the increasing rates of obesity in children over the same time period is a major
factor (Kaplowitz, 2008). The author reviewed studies from the United States
that examined the age of menarche and the age of onset of breast development
and pubic hair as a function of BMI, which is a good surrogate measure of body

fat. Several studies show that girls who have relatively higher BMI are more
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likely to have earlier menses, as well as a relationship between BMI and other
measures of pubertal onset (Kaplowitz, 2008). The author further said that
the evidence published to date suggests that obesity may be causally related
to earlier puberty in girls rather than that earlier puberty causes an increase
in body fat. In contrast, few studies have found a link between body fat and

earlier puberty in boys (Kaplowitz, 2008).

Komlos and Breitfelder (2008) estimated differences in the trend and in the
age-by-height profiles of Unites States born non-Hispanic black and white chil-
dren and adolescents born 1942 — 2002. They found that the tempo of growth
among blacks is faster than among whites. Black girls are more than 0.3 taller
than white girls between the ages of 3 and 11. At age nine this amounts to
some 2.7 cm. White boys catch up to black boys at age 14 and white girls catch
up to black girls at age 15 and are taller thereafter. At age 19 whites are only
slightly taller: 0.120(0.8cm) for boys and 0.030(0.2cm) among girls. The authors
concluded that blacks have a faster tempo of linear growth in childhood partly
on account of their nutritional habits, as girls in particular tend to have higher
BMI values, and partly probably because of genetic differences (Komlos and

Breitfelder, 2008).

Linear growth velocity provides one of the most important biomarkers of a
child’s health status and varies according to a variety of inherent and environ-
mental factors including age, sex, genetics, pubertal development, nutrition,
and psychosocial status (Kelly et al., 2014). Acceleration or deceleration of
growth may result from systemic disease, poor nutrition, chronic illness, or
endocrine dysfunction. Children who experience normal variants of pubertal
maturation may come to medical attention due to their deviation from estab-
lished height percentiles during early adolescence; this pattern is typical of

children with pubertal delay who are plotted on cross-sectional growth charts.
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Height velocity curves provide the clinician with an additional tool to distin-
guish between normal and abnormal variants of growth and pubertal matura-
tion and may be used in the research setting to test the effect of an intervention

on height velocity.

The mean PHV was 8.7 cm/yr in girls and 10.3 cm/yr in boys. Abbassi reviewed
the growth characteristics of American boys and girls from published studies
(Lee et al., 2004). Age at the onset of growth acceleration is highly variable
and sex-dependent. The mean take off age in children growing at an average
rate is 11 years in boys and 9 years in girls, and in these children, peak height
velocities occur at a mean age of 13.5 years and 11.5 years, respectively. Whole
year PHV is 9.5 cm/yr in boys and 8.3 cm/yr in girls, with slight variations in
the different studies. In US cross-sectional studies, boys with a mean take off
age of 11 years reached their final heights by 17 years of age, and girls with a
mean take off age of 9 years reached their final heights by 14 years of age.

2.1.3 South America

Growth velocity patterns have the potential to signal unhealthy response to en-
vironmental insults with long-term consequences (Iannotti et al., 2015). They
found that the mean individual child SD of weight velocity was 417g (+126).
In multivariate ordinary least squares regression analyses, growth velocities
in month one and individual weight velocity variability positively predicted
attained length and weight by 12 months. Panel regression by generalised
least-squares with random effects of length and weight velocities confirmed
the exponentially decelerating pace of growth through infancy and the impor-

tance of birth size in driving this trajectory (Iannotti et al., 2015).

In Brazil, Passos et al. (2015) recorded the variations in height of adolescents

over three years and investigated their relationship with gender, age, sex-
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ual maturation, and nutritional indicators. They found the mean heights at
the first, second and third year follow-up evaluations were 152.02 + 9.26 cm,
156.75 + 8.61 ¢cm, and 160.13 £+ 8.14 cm, respectively. The mean height gain from
baseline to the end of the study was 6.74 cm among girls and 9.73 among boys.
The mean growth velocity (GV) was higher among 10-year-old underweight,
prepubescent boys (5.4 cm/year). Furthermore, gender (girls: odds ratio [OR] =
5.97;95% CI = 3.36 — 10.59), age (older youths: OR = 2.43; 95% CI = 1.84 — 3.21),
and body weight (OR = 1.05; 95% CI = 1.03 — 1.07) were associated with lower
GVs (Passos et al., 2015).

Souza et al. (2008) evaluated associations of growth velocity with inflamma-
tory markers and cumulative dose of glucocorticoid in a cohort of patients with
juvenile idiopathic arthritis (JIA) followed during one year. The authors found
that the prevalence of low growth velocity was 25.3 percent, and it was as-
sociated with active disease on follow up visit, elevated interleukin 6 (IL-6),
erythrocyte sedimentation rate and C-reactive protein, and higher cumulative
glucocorticoid doses. In the multiple linear regression with growth velocity as
the dependent variable, only elevated IL-6 level was independently and nega-
tively associated with growth velocity (Souza et al., 2008). Low growth velocity
is highly prevalent in children with JIA. Elevated IL-6 levels seem to have an
important negative influence on growth in children, while total glucocorticoid

exposure appears to be a secondary factor (Souza et al., 2008).

Growth velocity may be defined as the rate of change in physical size over a
specified time interval (Iannotti et al., 2015). Patterns of growth velocity may
be interpreted as an early signal of healthy or unhealthy responses to environ-
mental conditions. In recent years, growth velocity has been studied during
childhood in relation to later obesity outcomes (Monteiro et al., 2003; Botton

et al., 2008). Their study investigated velocity patterns in a context of under-
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nutrition, previously studied in Peru and other developing countries (Iannotti

et al., 2015).

Growth velocity patterns are thought to arise from evolutionary processes pre-
serving survival and reproduction. The tremendous plasticity of growth in the
short term also seems to indicate adaptive responses to the environment and
survival mechanisms. Growth retardation that may be associated with infec-
tion, for example, is generally followed by periods of rapid growth. The alter-
nating periods of deceleration and acceleration return the child to its original
growth trajectory, a process referred to as canalisation (Iannotti et al., 2015).
Considerable evidence supports the health and developmental advantages of
early growth during the first two years of life, though the pace of growth within
particular periods of this time has been studied to a lesser extent (Iannotti
et al., 2015). Understanding growth responses during critical periods may al-

low for early intervention to protect later health and development.

Understanding variation in human growth and development has long been a
primary objective in the fields of human biology and public health (Urlacher
et al., 2016). Although operating under occasionally conflicting research, both
fields continue to emphasise the importance of obtaining descriptions of growth
from diverse human populations to realise existing research goals (Urlacher
et al., 2016). Despite this agreement, small-scale indigenous populations, com-
prising a significant portion of human genetic and cultural diversity (Henn
et al., 2011; Karafet et al., 2002; Kent, 1996; Wang et al., 2007), remain greatly
under represented in the literature on childhood growth. The little data avail-
able from these groups are notable, however, in that they suggest large vari-
ation in body size between populations and patterns of growth and develop-
ment that frequently differ from those of Western children (Eveleth and Tan-
ner, 1991; Ulijaszek, 1995; Walker et al., 2006). This observation underscores
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the diversity and complexity of physical development in challenging environ-
ments (Cameron, 2007) and highlights the central importance of obtaining new
descriptions of growth among small-scale populations to better understand hu-

man biological variation, phenotypic plasticity, and health.

2.1.4 Asia

Few studies in low-income settings analysed linear growth trajectories from
foetal life to pre-adolescence (Svefors et al., 2016). The aim of their study was to
describe linear growth and stunting from birth to 10 years in rural Bangladesh
and to analyse whether maternal and environmental determinants at concep-
tion are associated with linear growth throughout childhood and stunting at 10
years. Svefors et al. (2016) used logistic regression analysis to investigate the
associations between baseline predictors and stunting (height-for-age Z-scores
< —2) at 10 years. They found that height-for-age Z-scores decreased to two
years, followed by an increase up to 10 years, while the average height-for-age
difference in cm to the World Health Organisation (WHO) reference median
continued to increase up to 10 years. Maternal height, maternal educational
level and season of conception were all independent predictors of height-for-
age Z-scores from birth to pre-adolescence (p < 0.001) and stunting at 10 years.
The prevalence of stunting was highest at two years (50%) decreasing to 29%
at 10 years. They concluded that height growth trajectories and prevalence of
stunting in pre-adolescence showed strong intergeneration associations, social
differentials, and environmental influence from foetal life. They indicated that
targeting women before and during pregnancy is needed for the prevention of

impaired child growth (Svefors et al., 2016).

China’s unprecedented internal migration has left 61 million rural children liv-
ing apart from parents (Zhang et al., 2015). Their study investigated how being

left behind is associated with children’s growth, by examining children’s height
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and weight trajectories by age, testing the accumulation and critical period life
course hypotheses (Zhang et al., 2015). Their study used growth curve mod-
els to investigate how being left behind is associated with children’s growth by
examining children’s height and weight trajectories at different stages of their
lives. They define left behind children as those whose parents had left the
home to seek employment elsewhere. Growth curve models are appropriate
for modelling differences in growth or change over time on data with repeated
measurements within participants. These models take into account the depen-
dence of residuals due to covariances between the levels in in the data. If the
interdependence of residuals is ignored, standard errors are underestimated,
leading to biased estimated (Zhang et al., 2015). Their results showed that
boys who were left behind at different life stages of childhood differed in height
and weight growth compared with boys from intact families. No significant as-
sociations were found for girls. As young boys turned into adolescents, those
left behind in early childhood tended to have slower height growth and weight
gain than their peers from intact households. They also found that there was a
2.8 cm difference in the predicted heights of boys who were left behind in early
childhood compared to boys from intact households, by the age of 14. Similarly,
the difference in weight between the two groups of boys was 5.3 kg by the age
of 14 (Zhang et al., 2015). They concluded that being left behind during early
childhood, as compared to not being left behind, could lead to slower growth
rates of height and weight for boys. The life course approach adopted in their
study suggested that early childhood is a critical period of children’s growth in
later life, especially for boys who are left behind (Zhang et al., 2015).

Satyanarayana et al. (1980) studied that the growth pattern of 677 rural Hy-
derabad Indian boys aged between 13 and 18 years over a year (1977 — 1978) to
obtain annual increments. These authors found that the group that had expe-

rienced severe growth retardation in early life achieved a peak height velocity
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(6.9 cm/year) similar to that of British boys (7.3 cm/year). However, increase
in weight was lower (29 kg) than in Western boys (44 to 48 kg). Height deficits
observed at age five continued into adolescence and weight deficits increased.
They also indicated that as a consequence, the group that was at age five con-

tinued to be shorter and lighter at 17 — 18 years.

The United Arab Emirates (UAE) is a mixed society with UAE nationals (Emi-
ratis) and nationals of 120 other countries comprising a total estimated popula-
tion in 2011 of 8 264 070, of which around one million were Emiratis (Aburawi
et al., 2015). The authors further said that growth is one of the best mark-
ers of health status both individually and for the population. Growth velocity
of children with Down Syndrome (DS) has been known to decelerate during
the period from six months to three years and at puberty. They found that,
like in Saudi Arabia growth rate among children with DS differed significantly
from that in normal children and heights were significantly shorter than in
the normal population at most ages (Aburawi et al., 2015). They also found
that when the children with DS reached three years of age, the z-score was
below -2.0, and this trend continued throughout the period during which mea-
surements were made, with mean z-scores remaining below -2.0 in comparison
with the normal population (Aburawi et al., 2015). A similar trend was noted in
the Netherlands in comparison with the general population growth standards.
Mean height of children with DS in the Netherlands was at -1.1 Standard De-
viation (SD), decreasing to -2.2 SD at three years and remaining at this level
until puberty, when the mean height achieved was at -2.9 SD (Van Gameren-

Oosterom et al., 2012).

Bong et al. (2015b) proposed the reference curves for height and weight for
children in the Kuching area, Sarawak. They found that the height of school

boys and girls were almost similar at the start of their school going age. For
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school girls, height and weight values were almost equal when they reached 16
or 17 years old but kept increasing for school boys (Bong et al., 2015b). They
also found that school boys were taller than school girls as they entered adoles-
cence. Height differences between school boys and girls became significantly
wider as they grew older. Chinese school children were taller and heavier than

those of often ethnic groups (Bong et al., 2015b).

Soliman et al. (2015) said that growth and maturational delay are striking fea-
tures of beta-thalassaemia major (BTM). After the age of four years, growth
faltering sets in but becomes clear after the age of eight years that involves
stature, sitting height, weight and skeletal maturation. They also said that at
this age, a slowing down of growth and a reduced or absent pubertal growth
spurt are observed. There is marked attenuation or loss of pubertal growth
spurt and the growth plate fusion is usually delayed until the end of the second
decade of life (Soliman et al., 2015). They found that during childhood, Insulin-
like growth factor-I (IGF-I) increases progressively and reaches the maximum
during puberty (between 12 and 16 years) corresponding to the pubertal growth
spurt, and then decreases gradually with age (Soliman et al., 2015).

Children with Turner Syndrome (T'S) have a specific growth pattern that is
quite different from that of healthy children (Darendeliler et al., 2015). Ac-
cording to Darendeliler et al. (2015) all the mean height values of Turkish
girls with TS patients were lower in comparison to the mean height values of
healthy Turkish girls. The mean height values from three years of age were
lower than that of the general population and got lower by age. From the age
of 13, Darendeliler et al. (2015) observed that there was an increase of approx-

imately 2.5 — 3.0 cm per year in height without pubertal peak.

Bong et al. (2015a) determined the growth centiles of Malaysian children and
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established contemporary cross-sectional growth reference charts for height
and weight from birth to six years of age, based on a representative sample of
children from Malaysia. The authors found that boys were taller and heavier
than girls. The median length of Malaysian children was higher than the WHO
2006 standards. The overall prevalence of stunting and underweight were 8.3%

and 9.3% respectively (Bong et al., 2015a).

Bahathiq and Elawad (2014) studied the age of onset of menarche among the fe-
male students at intermediate and secondary schools at Makkah Al-Mukarramah
district and the relation of menarcheal age to anthropometric measurement
represented by weight, height and body mass index (BMI). Bahathiq and Elawad
(2014) found that the land marks of pubertal events in girls are the onset of
puberty, PHV and menarche. They also explained that the onset of puberty is
marked by the development of breast tissue, while PHV is the highest velocity
that is observed during the pubertal growth spurt. Furthermore, menarche
is a milestone in a women’s life as it denotes the start of reproductive capac-
ity. Bahathiq and Elawad (2014) found that the mean age in their study is
(12.6 + 1.1 years) which is consistent with the strong evidence of a downward
secular trend in age at menarche in Europe and USA during the last century,
and Japan and China during the past few decades (Hwang et al., 2003). It was

also lower than African mean menarcheal age reported (Pasquet et al., 1999).

Yip et al. (2012) determined the relationship between puberty and growth
spurts with peak spherical equivalent (SE) or axial length (AL) velocity in Sin-
gapore school children. It was found that the age of PHV occurred earlier in
girls than in boys (11.0 + 1.2 vs. 12.0 £ 1.7 years, p < 0.001). Girls with earlier
PHYV experienced peak AL velocity and peak SE velocity approximately half a
year earlier than those with later puberty (mean age of 10.3 + 1.6 vs. 10.8 £ 1.7
years, p < 0.001; and 10.0 &+ 1.5 vs. 10.6 + 1.25 years, p < 0.001, respectively).
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Similarly, boys who had earlier PHV also achieved peak AL and peak SE ve-
locity earlier than those who experienced later PHV (mean age of 10.4 £ 1.6 vs.
11.1 &+ 1.8 years, p < 0.001; and 10.1 £ 1.5 vs. 10.6 &+ 1.7 years, p = 0.01). Both
girls and boys who had early PHV had earlier age of onset of myopia than those
with later PHV (9.7 + 1.4 vs. 10.1 & 1.5 years for girls, p = 0.04; and 9.9 = 1.5
vs. 10.4 + 1.6 years for boys, p = 0.03). The associations were not significant
when tanner staging and age of menarche was used to determine the stage
of puberty. Yip et al. (2012) concluded that boys and girls with earlier PHV
experienced earlier peak SE and AL velocity, and age of myopia onset. Thus,
variations in the onset and peak progression of myopia may be associated with
height spurts. They further discussed that Singaporean children aged 5 to 14
years with earlier growth spurts as defined by age of PHV had myopia at an
earlier age and were found to have earlier peak AL and SE velocity for all chil-

dren and myopic children (Yip et al., 2012).

The age at menarche reflects a pubertal girl’s physiologic maturity (Lai et al.,
2008). The authors evaluated the relationship between the age at menarche
and skeletal maturation in female orthodontic patients. Lai et al. (2008) found
that more than 90% of the 148 subjects who had already attained menstru-
ation had skeletal maturation beyond the National Taiwan University Hos-
pital Skeletal Maturation Index Stage four or Cervical Vertebral Maturation
Stage III. The mean age at menarche for the 167 female patients in total was
11097 years. Menarche occurred between National Taiwan University Hospital
Skeletal Maturation Index Stages four and five or between Cervical Vertebral
Maturation Stages III and IV. The percentage of girls with menses increased
from 1.2% at age 9 to 6.6% at age 10, 39.5% at age 11, 81.4% at age 12, 97% at
age 13, and 100% at age 14. Compared with the results obtained 20 years pre-
viously, they found a downward shift of 0.47 years per decade for the mean age

at menarche in female orthodontic patients. The authors concluded that the



Literature review 42

majority of female orthodontic patients have passed the pubertal growth spurt
when they experience their menarche. Menarche usually follows the pubertal
growth spurt by 1 year and occurs after National Taiwan University Hospital
Skeletal Maturation Index Stage four or Cervical Vertebral Maturation Stage

III (Lai et al., 2008).

Zhu et al. (2008) examined the rate of growth and bone mineral accretion
and the predictors of total body bone mineral calcium during puberty in a 5
year longitudinal study with Chinese girls. It was found that the mean age
of menarche was 12.1 + 1.0 year. The mean annual rate of bone mineral ac-
cretion was 197.7 g/year during the follow-up period, representing a calcium
accretion rate of 162.3 mg/d. PHV occurred 1 year later than PHV. In the lin-
ear mixed-effects model analysis containing body size and lifestyle factors, they
found that height, body weight, and calcium intake were significant indepen-
dent predictors of total body bone mineral calcium. They further indicated that
Chinese girls with low habitual dietary calcium intake have high calcium re-

tention efficiency during puberty (Zhu et al., 2008).

Kim et al. (2008) assessed the secular growth changes in Korean children and
adolescents during the last four decades. The authors compared the results
of previous nationwide growth studies with their study. The results of their
study indicated that the growth and developmental status of Korean children
and adolescents has changed substantially compared with those in 1965, 1975,
1984, and 1997. The data presented in their study show a distinct secular
increase in growth in body height and weight of Korean children and adoles-
cents spanning this period. They concluded that a nationwide survey every
five years would be beneficial to establish a reference standard for the growth
of children and adolescents according to the socioeconomic, environmental, and

nutritional changes (Kim et al., 2008).
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The aim of Bundak et al. (2007)’s study was to provide normative data for the
onset and tempo of puberty in healthy Turkish boys. The mean age and height
at onset of puberty were 11.6+ 1.2 years and 146.1 +7.7 cm, respectively. Height
velocity was 10.1 + 1.6 cm. Total pubertal height gain was 26.4 + 4.3 cm. The
duration of puberty was 4.9 + 0.6 years. Height at onset of puberty was pos-
itively correlated with final height (p < 0.0001) and with duration of puberty
(p = 0.03). BMI at onset of puberty correlated negatively with age at onset of
puberty (p < 0.009) and with the duration of puberty (p = 0.05) but not with
final height. Bundak et al. (2007) concluded that the results of their study pro-
vide normative data for height and height velocity for each testicular volume
stage for boys in puberty. Height at onset of puberty is the most important
determinant of final height. There is no secular trend for the onset of puberty.
Weight does seem to affect the onset and tempo of puberty but not final height
(Bundak et al., 2007).

The assessment of growth by objective anthropometric methods (weight, length/height
and body mass index) is crucial in child care to assess the nutritional status
and for the identification of growth failure (Khadilkar et al., 2009). Reference
data are central to growth monitoring and they help doctors and policymakers
to diagnose under nutrition, overweight and obesity, and other growth-related
conditions. The pattern of growth of a population of any age changes with time
and hence it is recommended that references should be updated regularly. The
1977 National Center for Health Statistics growth curves for US children were
revised in 2000, while the UK curves, first published in 1966, were revised
in 1990 (Khadilkar et al., 2009). Nationwide growth surveys have been per-
formed every 10 years in Mainland China since 1975 (Khadilkar et al., 2009).
Reference values for children in Hong Kong first published in the 1960s, were

updated in 1985, and were updated again in 1993 (Khadilkar et al., 2009).
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India is in a phase of nutritional transition and thus it is vital to update growth
references regularly. The currently available growth reference curves in use in
India are based on the data collected in 1989 which were published in 1992
and 1994, and were then adopted by the Indian Academy of Pediatrics for
growth monitoring in 2007 (Khadilkar et al., 2009). These data are now 17
years old and there are doubts as to whether they are representative of the
growth of present day Indian children. The populations of developed countries
can generally be considered to have achieved their full genetic growth poten-
tial, so there are no longer important socioeconomic gradients in growth, and
a random sample of the population can be used for constructing growth curves

(Khadilkar et al., 2009).

However, in a developing country such as India, children belonging to affluent
families in urban areas have fewer constraints on growth than other children,
thus making it necessary to measure these children for the purpose of refer-
ence curves (Khadilkar et al., 2009). The WHO has encouraged all countries
and regions throughout the world to adopt the new WHO growth standards
for children under 5 years of age published in April 2006, where the data col-
lected were multi-country (including India) and community-based (Multicentre
Growth Reference Study-MGRS). Therefore, this current study excludes chil-
dren under the age of 5 years. This study was planned to design new reference
curves for height, weight and body mass index for affluent urban Indian chil-

dren aged 5 — 18 years.

An accurate assessment of the physical growth and development of children
has attracted more attention from government health officers and paediatri-
cians (Lee et al., 2004). Many studies report standard growth for height and
weight among Taiwan children (Lee et al., 2004). They are based on cross-

sectional survey to obtain growth standard curves that are different from the
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curves obtained longitudinally. It has been pointed out that longitudinal, rather
than cross-sectional, growth standards are more effective in assessing individ-
ual linear growth, and the difference is particularly apparent during puberty
in standards for growth velocity (Lee et al., 2004). In 1966, Tanner et al. (1976)
produced longitudinal standards suitable for clinical use in the British popu-
lation (Lee et al., 2004). Longitudinally-based height velocity charts for North
American children were also presented in 1985. The study by Lee et al. (2004)
was to investigate the growth characteristics of groups of school boys and girls
living in the Shih-Pai district of metropolitan Taipei. The focus of the study
was to follow these boys and girls throughout their pubertal years so that a

longitudinal growth curve could be obtained.

The results of the anthropometric measurement of height, height velocity, weight,
and weight velocity in the different age groups of school children were pre-
sented in tables. The age at PHV was taken as 12.5 years for boys and 10.5
years for girls, and the whole year velocity at PHV was taken as 8.0 cm/yr for
boys and 7.0 cm/yr for girls. The mean height velocity was less than 1 cm in
boys and girls of about 17 years and 15 years, respectively, with mean values

of height of 170.8 cm and 158.7 cm, respectively.

Height of an individual grows throughout childhood and puberty (Mansur et al.,
2016). Growth in height ceases at 25 years of age, when epiphysis gets fused
with diaphysis of growing long bones, after which no more bone growth can
take place (Mansur et al., 2016). At the same time, no two persons are alike, in
their measurable characters especially height of an individual. Few children
will remain small throughout life, while others may reach normal size. Few
children are taller than expected at a given age and sex, and few are shorter.
Parents are more often concerned when their children are shorter than their

age-mates. Children may ask parents why they are not as tall as their play-
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mates, parents ask doctors, and doctors ask endocrinologists and geneticists

when the growth of a child seems unusual.

Growth velocity is independent of the height achieved by a child so it is a sen-
sitive indicator of good or bad health regardless of previous growth delay. The
height is relatively a stable measurement of growth as opposed to body weight
which reflects only the present health status of the child. On the other hand,
the height indicates the events in the past also. The use of growth (height)
chart is particularly valuable in studying the trend of height curve (Mansur

et al., 2016).

Accurate serial height measurements documented over time on a growth chart
are key in the evaluation of the children health and also serve as the founda-
tion for the diagnosis of growth abnormalities such as stunting (Mansur et al.,

2016).

In their study, the data on height were analysed for both sexes and considered
each age group to assess annual growth in height (Mansur et al., 2016). Growth
pattern for height was graphically represented by distance curve however ve-
locity curve was also used to examine the height peaks of annual increments in
both sexes. The interval during which the maximum yearly height increment

occurred was taken as age at PHV (Mansur et al., 2016).

Their study was carried out on the different age groups of school going chil-
dren of Dhulikhel (Mansur et al., 2016). Their study revealed that the mean
height of 3 years girls and boys were 93.17 cm and 95.50 cm respectively which
indicates the differences in height between boys and girls was 2.33 cm at the
same age of both sexes. Similarly, 16 years boys had a mean height of 166.91

cm and 154.25 cm among girls at the same age group which indicates 12.66 cm
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difference in height between boys and girls. Thus, boys were found to be taller
than girls, except at 8, 10 and 12 years of age, when they appeared shorter
than girls. Their study concluded that the mean height of boys varied from
95.50 cm to 166.91 cm aging from 3 years to 16 years respectively. The total
gain in height from the age of 3 years to 16 years was 71.41 cm. The PHV was
calculated as 12.83 cm during 12 — 13 years of age among boys. Hence, it was
concluded that the mean height of boys increases with the advancement of age
with the maximum increment occurring during 12 to 13 years. The velocity of
growth of height was relatively high during 5 to 6 years and decreased until 12
years and then increased until an adolescent peak was reached at an average
of 13 years The rate of gain in height after the peak decreases and is < 2.64
cm/year after 16 years. The distance curve also showed a gradual increase in
height from 3 to 16 years, while the velocity curve indicates the highest rate of
increment (12.83 cm/year) during the period of 12 to 13 years among the boys.
In their study, it was found that the mean height of girls varied from 93.17 to
154.25 cm aging from 3 years to 16 years respectively. The total gain in height
from the age of 3 years to 16 years of girls was 61.08 cm. The age at PHV was
found during 11 — 12 years for girls, and the whole year velocity at PHV was ob-
served as 9.57 cm/year for girls. Hence, it was concluded that the mean height
of girls increases with the advancement of age with the maximum increment
(9.57 ecm/year) occurring during 11 to 12 years. The velocity of growth of height
was relatively high (8.16 cm/year) during 5 to 6 years and decreased until 11
years and then increases until an adolescent peak was reached at an average
of 12 years. The rate of gain in height after the peak decreases and was < 0.12
cm/year after 16 years. In their study, the distance curve for height showed a
gradual increase in height from 3 to 16 years, while the velocity curve indicates
the highest rate of increment (9.57 cm/year) at the age of 12 years among the
girls (Mansur et al., 2016).
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The mean values for height are found to be progressively increasing till 13
years among boys and 12 years among girls; and showed a steady pattern of
growth, and afterwards almost stationery pattern is noticed with decelerating
trend of growth progression in both sexes. This may indicate the period of
growth spurts due to puberty which was found to be earlier among girls than

boys by one year (Mansur et al., 2016).

There was significant correlation coefficient between age and height (r = 0.960,
p < 0.01) for boys, (r = 0.959, p < 0.01) for girls and (r = 0.957, p < 0.01) for both
(boys and girls). There was strong positive correlation between age and height
of children. The formula estimating average height of healthy children aged

3 — 16 years were:

Height (cm) = Age (year) x 5.860 + 75.201 for boys
Height (cm) = Age (year) x 5.282 + 77.819 for girls
Height (cm) = Age (year) x 5.634 + 76.122 for both (boys and girls)

2.1.5 Africa

Chirwa et al. (2014) applied mixed effects models to the Birth-to-Twenty (BT20)
cohort study in South Africa to compare several growth models. BT20 study is
a longitudinal cohort study aimed at tracking the growth and development of
urban children born in Soweto-Johannesburg from their birth between April
and June 1990, initially for a period of 10 years (BT10), and later expanded
to 20 years (Richter et al., 2009). The main advantage of mixed effects models
is the power to model longitudinal data with participants measured at differ-
ent time periods, and some missing data at times. Mixed effects models en-
able the fitting of individual curves and allow for fitting general population

curves. The fixed component summarises the general population curve using
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the mean structure, while the random component allows for variations in indi-

vidual growth of participants.

Cameron et al. (1994) stated that adolescent growth in height, fatness, and
fat patterning was investigated in a sample of 79 rural South African black
children which were followed longitudinally from 6 to 18 years. Data were
analysed relative to peak height velocity (PHV) to identify the phenomenon of
“compensatory” growth in height during adolescence and to describe changes
in fatness and fat patterning. Compensatory growth following PHV was clearly
observed relative to the National Health and Nutritional Examination Survey
(NHANES) data for African-Americans in that Z-scores for height at the start
of the adolescent growth spurt were greater than those at the end of the spurt.
The authors found that statistically significant differences in fatness and cen-
tralisation between males and females did not occur until about two years after

PHYV was attained.

Elusiyan et al. (2016) stated that there are no locally derived growth charts
in Nigeria, and that makes health workers to rely on international reference
charts. They then decided to compare the growth characteristics of 4350 school-
age Nigerian children (2243 girls and 2107 boys aged 4 — 16 years) from three
ethnic groups (Hausa, Igbo and Yoruba) to both UK (UK 1990) and US (2000
CDC) reference data (Elusiyan et al., 2016). Their results showed that school-
age Nigerian children were similar to international references at the start of
school age and then started to decline. The decline appeared to peak at 15
years for boys and 13 years for girls. There were significant differences in
the prevalence of stunting, underweight, and obesity among the three ethnic
groups (p < 0.05) (Elusiyan et al., 2016). They concluded that there was a risk
of over-diagnosing short stature and underweight if health workers continue

to use growth charts derived from other geographical areas (Elusiyan et al.,
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2016).

Growth is a natural process that takes place in all living organisms and its
pattern varies among individuals (Mbagwu et al., 2015). The results obtained
from Mbagwu et al. (2015) showed that the adolescent private female school
children recorded higher mean values than their public school counterparts in
all parameters measured. According to a similar study by Uthman (2009), this
variation results from variation in the growth of other body parts relative to

variations in the onset of adolescent growth spurt.

In southeast Cameroon, Yamauchi and Hagino (2014) determined the growth
pattern of pygmy hunter-gathers, especially the periods and the growth tempo
during childhood and adolescent using the mathematical growth model. In
their findings Yamauchi and Hagino (2014) found that the velocity at take-
off (VTO) and PHV were generally lower than that of the previously reported
groups. The VTO-PHV velocity increment (VTO-PHYV inc) was also the low-
est (Yamauchi and Hagino, 2014). Their age at take-off (ATO), considered as
a marker indicating the onset of adolescence was similar among Baka, Indian
and Guatemalan boys and Baka and Indian girls. The age at peak height veloc-
ity (APHV) was average in girls, but slightly delayed in boys. Compared with
Gambian children, Baka children showed 1 — 2 years earlier ATO and APHV.
The adolescent growth spurt of the Baka children was defined as extremely
weak compared with other populations (Yamauchi and Hagino, 2014). Height
growth velocity was generally smaller than that of other populations, except
for the latter period of adolescence. The PHV in Baka children, 4.88 cm/year
for boys and 4.71 cm/year for girls, was one of the most characteristic biological
parameters in the growth of the Baka children, being only 50 — 80% compared
with other five populations (e.g. boys: 59.2% and girls: 62.9% of British chil-
dren) (Yamauchi and Hagino, 2014).
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In Sokoto, North-Western Nigeria, Ahmad et al. (2013) found that the mean
weight of the study subjects was 46.4 + 11.5 kg for males and 47.1 + 9.2 kg for
females. In both gender, the mean weight pattern between the males and fe-
males from age 16 years showed that males became heavier than females (Ah-
mad et al., 2013). They also found that the mean height values were 158.24+11.2
cm for males and 155.7 + 6.5 cm for females. Mean height generally increased
with increase in age and was initially higher in females until age 14. From
15 years through 18 years, the males became taller than their age-matched fe-
male counterparts (Ahmad et al., 2013). The authors discussed that the mean
weight of the studied subjects increased with age in both males and females.
The females were generally heavier than their age-matched male counterparts,
though the difference was not significant. Their finding of females being heav-
ier than males was similar to that of Akesode and Ajibode (1983), among school
children aged 6 — 16 years in Abeokuta, South-Western Nigeria. They further
explained that the female subjects were also initially noticed to be taller than
the males up to the age of 14 years, with the difference being statistically sig-
nificant (Ahmad et al., 2013).

Another study in a city in Nigeria by Ejike et al. (2013) showed that girls were
taller than boys from age 7 to 13 years. A total of 1911 children and adoles-
cents (51.3% females) were recruited and anthropometric data obtained from
them using the standard procedures. Age was determined from each subject’s
school records. Overweight, obesity, and thinness (stages 1 — 3) were defined
using the international surveys and the WHO study references. From age 14
years boys were taller than girls, though the differences were not significant.
They further highlighted that girls weighed more than boys from age 8 to 15
years. Conversely, boys weighed more than girls at ages 16 and 17 years. The

differences were significant only at the ages 12 and 17 years (Ejike et al., 2013).
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Prentice et al. (2012) tested whether 12 mo of calcium supplementation at
age 8 — 12 years to increase intakes toward international recommendations
had long-term effects on adolescent growth and pubertal development in rural
Gambian children. Their study showed that 12 mo of calcium carbonate supple-
mentation before puberty had a long-term effect on the pattern of adolescent
height growth in Gambian boys, which suggests an earlier pubertal growth
spurt and resultant greater achieved height mid-adolescence, followed by an
earlier cessation of growth and shorter adult stature. They also found that the
calcium supplement had advanced the age of PHV of boys by 7.4 mo. Height
velocity itself was also not affected, which indicated that the supplementation
effects were attributable to a shortened period of pre-pubertal growth coupled
with earlier growth cessation rather than to a more rapid and accentuated pu-
bertal transit. In girls, Prentice et al. (2012) found that no effects of calcium

supplementation were found on growth and maturation.

Growth monitoring is nearly universally practiced in pediatric care worldwide
to detect growth faltering and thus intervene accordingly (Schwinger et al.,
2016). Various anthropometric indexes, such as indexes based on weight, height,
or midupper arm circumference, 6 have been suggested, but somewhat differ-
ent abilities to predict the risk of child deaths were reported (Schwinger et al.,
2016). Despite their hypothesised advantages for early detection of growth
problems, and thus the possibility to direct life-saving interventions, currently
only a few studies have assessed the mortality-predictive ability of longitudi-
nal indicators of poor growth (i.e., growth velocities) (Schwinger et al., 2016).
These studies used various approaches to define and score growth velocity, but
only one study looked at the predictive ability of weight velocity z scores by
using the WHO standards.

It was found that very low weight velocity (z scores, 23) predicted death within
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3 mo to some degree. However, they did not include weight velocity z scores
in their comparative analysis and did not assess length velocity. In addition,
changes in midupper arm circumference and midupper arm circumference z
scores were not explored. This encouraged Schwinger et al. (2016) to expand
on the analysis of O’Neill et al. (2012) within the same study population to

further explore how various velocity measures could predict the risk of death.

2.1.6 Other parts of the world

Child chronic malnutrition is endemic in low-and middle-income countries and
deleterious for child developments (Georgiadis et al., 2016). In their study,
they developed and estimated a general path model of the relationship between
growth trajectories and cognitive achievement using data on four cohorts from
Ethiopia, India, Peru, and Vietnam (Georgiadis et al., 2016). The results from
their study suggested that growth from conception through age one year, be-
tween age one and five years, and between five years and eight years, are each
positively and significantly associated with cognitive achievement at age eight
years. This may be partly explained by the fact that faster-growing children
start school earlier. They also found that a significant share of the association
between early growth and later cognitive achievements is mediated through

growth in interim periods (Georgiadis et al., 2016).

Billewicz and McGregor (1982) stated that the height growth curves indicate
that puberty is much delayed in Gambian adolescents in comparison to British
and West Bengal adolescents. They found that the mean at peak height ve-
locity (PHV) was 16.3 and 13.8 years for boys and girls, respectively. In girls,
but not in boys, there was a significant negative correlation (—0.46) between
the age at PHV and PHYV itself. Comparison with British data suggests that
growth patterns in the Gambian villages are characterised by the substantial

deficits in both height and weight that develop in early life and which appear
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to persist without rectification into adulthood (Billewicz and McGregor, 1982).

Burns et al. (2011) evaluated the associations of serum dioxins and polychlo-
rinated biphenyls (PCBs) with longitudinal assessed growth measurements
among peripheral Russian boys. At study entry and during three years of
follow-up, > 50% of the boys had age-adjusted BMI and height z scores within
1 SD of WHO standardized mean values for age. Boys in the highest exposure
quintile of the sum of dioxin and PCB concentrations and total toxic equiva-
lency (TEQ) had a significant decrease in mean BMI z scores of 0.67 for diox-
ins and TEQs and 1.04 for PCBs, compared with boys in the lowest exposure
quintile. Comparison of the highest versus the lowest quintile revealed that
the higher serum PCB concentrations were associated with significantly lower
height z scores (mean z-score decrease: 0.41) and height velocity (mean de-
crease: 0.19 cm/year) after three years of follow-up. Burns et al. (2011) fur-
ther indicated that exposures to dioxins and PCBs are associated with reduced
growth during the peripheral period and may compromise adult body mass,

stature, and health.

Montafio et al. (2008) highlighted that children with Morquio A disease grow
poorly and become physically handicapped because of systemic bone disease.
The purpose of their study was to describe observed growth patterns and their
relationship with the physical condition of patients with Morquio A. They found
the mean birth lengths of boys and girls to be 52.6 and 52.1 cm, respectively.
The mean final heights for males and females at 18 years and older were
122.4+21.5 and 113+22.6 cm, respectively. Mean birth weights for boys and girls
were 3.59 + 0.58 and 3.5 + 0.7 kg, respectively. The growth pattern in Marquoi
A patients was made by impaired growth velocity after 1 year of age (Montafio

et al., 2008).
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The development of an international growth standard for the screening, surveil-
lance and monitoring of school-aged children and adolescents has been mo-
tivated by two contemporaneous events: the global surge in childhood obe-
sity; and the release of a new international growth standard for infants and
preschool children by the WHO in collaboration with the United Nations Uni-
versity and other United Nations agencies, governments, and non-governmental
organizations (Butte et al., 2007). To address the feasibility of adopting a
prescriptive approach to developing a new international growth standard for
school-aged children and adolescents from either historical and/or prospective
growth data, it would be useful to reaffirm the operational difference between
growth reference (description of the growth pattern of a defined population)
and growth standards (a recommended pattern of growth that has been as-
sociated empirically with specified health outcomes and the minimisation of

long-term risks of disease).

The world-wide variation in human growth is well known and has scientifically
been documented since the first half of the 19th century (Hermanussen et al.,
2016). The shortest mean final height has been measured in the Pygmy popu-
lation of Congo with some 136 cm for adult women and 144 cm for adult men,
and the tallest mean height was found in young modern Dutch adults with
some 171 cm for adult females and 184 ¢cm for adult males (Hermanussen et al.,
2016). Differences between populations are obvious at all ages: Indian children
start into life with significantly less average birth weight than European new-
borns (Hermanussen et al., 2016). Secular trends in height, weight, and BMI
have been documented in European countries, in the United States since the
mid-19th century, in the Southern Hemisphere and in all populations that un-

derwent a significant socioeconomic transition (Hermanussen et al., 2016).

Variations in human growth have been attributed to genetics, nutrition and
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health-related and socioeconomic circumstances (Hermanussen et al., 2016).
Growth even differs among populations and ethnic groups that live in close
vicinity within the same geographic area. Documenting child and adolescent
growth has led to a multitude of growth charts published since the early 20th
century. Meanwhile, these charts are universally used in public health care as
pediatric decisions on growth and failure to thrive are intricately intertwined

with such charts (Hermanussen et al., 2016).

Among males, modern Northern and Central Europeans are tallest at all ages.
Historic male Japanese and modern boys from Papua New Guinea were the
shortest. This is similar in females. Modern European females are signifi-
cantly taller than modern East Asians (Hermanussen et al., 2016). Conversely,
human growth curves show common characteristics. During the first year of
life, infants increase in length by some 50% and almost triple in weight. There-
after, growth rates decrease during childhood and the juvenile period (Bogin,
1999) with a minimum just before the onset of puberty. Growth again accel-
erates with peak height velocities roughly around the age of 11 years in girls
and 13 years in boys. Growth of the long bones terminates at early adult age,
whereas trunk growth may proceed into the middle of the third decade of life

(Hermanussen et al., 2016).

Studies on growth development and variations have led to the idea of glob-
ally applicable growth references. At present, many countries that lack suit-
able references for child and adolescent growth use international WHO stan-
dards (http:/www.who.int/childgrowth/en/; http://www.who.int/growthref/en/).
The idea of growth standards goes back to recommendations of a Working
Group on infant growth established by the WHO, and may be justified for in-
fants and very young children who tend to grow similarly under modern af-

fluent conditions. As some scholars argue: the disadvantage of using charts



Literature review 57

such as WHO charts is that they are likely to over diagnose underweight and
stunting in a large number of apparently normal children in the developing
countries such as India. WHO standards were constructed from global sam-
ples, they average information of children and adolescents from various ethnic
backgrounds, and consequently do not take into account the fact that different
modern populations may differ in mean values, standard deviations, and indi-
cators of skewness for height, weight, and BMI. Populations differ in height,
weight, and BMI.

As an averaged single standard/reference can never account for the diversity
between populations a methodology has been created to generate “synthetic”
growth reference charts (Hermanussen and Burmeister, 1999). The method
allows for amalgamating global patterns of human growth with specific local
information. The original method was based on 50 studies of birth measure-
ments, 14 studies on early growth in height and weight, 40 male and 51 female
childhood and adolescent growth studies, and some recent German, Japanese,
and Czechoslovakian data, with altogether more than 24 million measure-
ments. In view of the persistent need for national growth references as well
as references for particular ethnic groups, we now actualise these previous ap-
proaches and further improve the methodology of generating synthetic growth

reference charts.

Due to lack of availability of updated local growth reference charts, Hermanussen
et al. (2016) constructed synthetic references as proxy to growth curves of
a population for which there is a limited set of mean height, mean weight,
or mean BMI values. They made use of Principal Component Analysis and
the Likelihood principle to generate synthetic references separately for height,
weight, and BMI for age of any population that lacks complete annual data
of these parameters. They trusted their method to be applicable globally, and
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should provide the most likely growth curve separately for height, weight, and
BMI for any population.

Under the assumption that limited sets of mean values represent the true de-
velopment over time of the population of interest, they applied a Bayesian ra-
tionale to find the synthetic curve for such population, which best represents
the compromise that considers both the limited set of height, weight, or BMI
values of our population of interest, and the global patterns of height, weight,
or BMI obtained from the Principal Component Analysis. The new syntheti-
cally generated curves describe mean values for height, weight, and BMI from

0 to 18 years.

In their study, Lee et al. (2004) found that the mean age at PHV was 12.5 years
in boys and 10.5 years in girls, with slight variations in the different studies.
Marshall and Tanner (1970) reported the mean of 14.0 years in boys while Tan-
ner et al. (1976) estimated it to be 13.9 years, with whole year PHV of 8.8 cm/yr
in boys in the Harpendeen Growth Study. Billewicz et al. (1981) observed that
PHYV for boys and girls were 9.63 cm/yr and 8.02 cm/yr, respectively. Largo
et al. (1978) reported an averages of 12 years for PHV in girls and of 14 years
in boys based on a Zurich longitudinal study, and the whole year PHV was 7 cm
and 9 cm in girls and boys, respectively. Tanaka et al. (1988) calculated linear
growth in 438 boys and 483 girls aged from 6 years to 17 years in Japan. They
reported a mean age of PHV to be 11.2 years in girls and 13.0 years in boys.

To mention a few, some research studies on growth variations have been done
in countries like Denmark, Pakistan, England, USA, UK and Senegal (Rona
and Altman, 1977; Kelly et al., 1997; Rogol et al., 2000; Richards et al., 2002;
Benefice, 2007; Tinggaard et al., 2014). However, growth variations have not

been studied for rural South African children in Ellisras.
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2.2 Chapter summary

This chapter has shown what other researchers have done and found in their
studies. Other researchers have studied growth variations of children in their
respective countries and also compared their findings with those of other coun-
tries. Many different methods of analysis have been used to study the growth
variations across children in different countries. Methods such as mixed effects
model, height-for-age difference, logistics regression, shape-invariant model,
variable knot cubic splines method and optimal kernel have been used in other

studies.

These studies were relevant to this study as they gave much needed under-
standing on how to tackle the issues in this study. These studies gave guidance
as to what could be done and what to be expected from this study. The rele-
vance of these reviewed studies to this study is of importance in that they also

helped in the formulation of the conclusions and or recommendations.

Above all, the methods from the reviewed studies have presented good findings
which are almost the same when comparing children across different countries.
For this study, the ELS data was observed in order to choose the best method
to analyse the data. Having considered some missing ELS data, linear mixed
model was chosen to analyse the data, since it accommodates missing data.
The findings of the ELS which will result from the analysis of this study are
expected to not differ that much with the findings from other studies across the

world.



Chapter 3

Research methodology

3.1 Study design

The study will follow a secondary analytical cross section data collected in
November 1996 to November 2003 and the data was collected by the ELS team

in Ellisras, Limpopo Province, South Africa.

3.2 Sample/Study population

3.2.1 Geographical area

Ellisras is a deep rural area situated within the north-western area of the
Limpopo Province, South Africa, with about 115 767 people (Statistics South Africa,
2011) residing in 42 settlements (Sidiropoulos et al., 1996). These villages are
approximately 70 km from the Ellisras town (23 degrees 40S 27 degrees 44W),
now known as Lephalale, which is adjacent to the Botswana border. The Is-

cor coal mine and Matimba electricity power station are the major sources of
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employment for many of the Ellisras residents. The remaining workforce is
involved in subsistence farming and cattle rearing, while the minority is in the
education and civil service. Unemployment, poverty and low life expectancy
seem to play a significant role in the rural South African population, of which
the communities in rural Ellisras are no exception (Bradshaw and Steyn, 2001,

Statistics South Africa, 2002).

3.2.2 Sample

The ELS initially followed a cluster sampling method (Monyeki et al., 2000).
The study was undertaken at 22 schools (10 pre-schools and 12 primary schools)
randomly selected from 68 schools within the Ellisras area. Birth records were
obtained from the school admission register through the assistance of the prin-
cipals in each school. Only those records that were verified against health clinic
records were used to determine the ages of potential participants. Each of the
22 selected schools was assigned a grade with the expectation that most of the

children in a particular age category (3— 10 years) would be found in that grade.

Data collected in November 1996, May 1997, November 1997, May 1998, Novem-
ber 1998, May 1999, November 1999, May 2000, November 2000, May 2001,
May 2002, May 2003 and November 2003, is used in this study. A total of 2225
children (550 pre-schools and 1675 primary schools) were followed throughout
the periodic surveys. On average 1.05% of participants were permanently lost
due to death and 11.47% subjects were lost due to teenage pregnancy, illness
and migration to urban areas. School drop-out was a temporary issue as the

affected participants re-joined school thereafter.
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3.2.3 Attrition rate

The current average attrition rate for the ELS is 17.2%. Using STATA pro-
gram, the sample size required to test for cohort and period of measurement
effect was calculated based on a 5% margin of error, population power of 0.80
and the prevalence of low birth weight among ELS subjects of 12%. A total of
1771 subjects (489 preschool children with mean age of 11.4 years and standard
deviation of 0.96 and 1282 primary school children mean age of 14.9 years and
standard deviation of 1.11) were measured in November 2003. Subjects who
were lost to follow up were included in the analysis to check for bias of the

outcome of interest as it was the case in the previous study (Monyeki et al.,

2009).

3.2.4 Anthropometry measurement

All children underwent a series of anthropometric measurements of height and
weight according to the standard procedures recommended by the Interna-
tional Society for the Advancement of Kinanthropometry (ISAK) (Norton and
Olds, 1996). Weight was measured on an electronic scale to the nearest 0.1 kg,

and a Martin anthropometer was used to measure height to the nearest 0.1 cm.

3.3 Quality control

The survey was carried out over a three-week period by 16 anthropometrists
each year, who were required to undertake reliability testing as part of their
training. This training was conducted by a level three criterion of ISAK fol-
lowing the ISAK guidelines (Norton and Olds, 1996). The absolute and rela-
tive values for intra-tester and inter-tester technical error of measurements (%
TEM) ranged from 0.12 (0.15%) to 0.31 kg (0.36%) for weight and from 0.22 cm
(0.12%) to 0.43 (0.32%) for height.
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3.4 Statistical analysis

All analyses were performed using the statistical package for social sciences
(SPSS) version 22. The descriptive statistics was done for age, height, weight,
velocity and acceleration by gender amongst children in rural Ellisras from
1996 to 2003. The line graphs were fitted for age (years), height (cm), velocity
(cm/year), and acceleration (cm/year?), separately for both boys and girls.

Weight distance curve helps us to see the plot of the child’s weight at each
birthday. Velocity helps us to be able to identify the age at which the growth of
a child or an individual was fastest. Whereas acceleration enables us to know
the rate of change in the velocity of the growth of a child or an individual. Type
III Test is used to examine significance or importance of each partial effect,

that is, the significance of an effect with all other effects in the model.

Both descriptive statistics and linear mixed model (LMM) were used for analy-
sis. Age was identified as a repeated variable indexing the repeated measures
on each subject. We assumed that adjacent observations on the same subject
(indexed by age) might have errors with a higher correlation than the observa-
tions that are further apart, so we specified a first-order autoregressive [AR(1)]
covariance structure. We defined the dependent variable as height, the cat-
egorical factor as gender, and the continuous covariate as age. By specifying
age as a continuous covariate, we indicate that we wish to estimate the func-
tional relationship of age with height. The fixed effects associated with age,
gender, and the interaction between age and gender were included. The esti-
mated marginal means for the levels of the categorical fixed factor gender are

displayed. The statistical significance was set at p < 0.05.
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3.4.1 Linear mixed models

In practice, longitudinal data are often highly unbalanced in the sense that
not an equal number of measurements is available for all subjects and/or that
measurements are not taken at fixed time points (Verbeke and Molenberghs,
2009). Linear mixed models are commonly used to understand changes in hu-

man behavior over time (Shek and Ma, 2011).

The assumption with standard linear models of independent error terms does
not always hold. This may be because individuals are related, or measure-
ments are taken repeatedly on the same individuals. Linear mixed models do
not assume independence of errors and are therefore more suited to ELS data.
These models allow variation between people in the intercept and/or slope(s) of

a model (Haig, 2013).

The parameters in a linear mixed model may be classified into types:

e fixed effects, associated with the average effect of the independent vari-

able(s) on the dependent variable,

e variance-covariance components associated with the covariance structure

of the random effects and the error term.

A general linear mixed model may be expressed as:
Yi=XiB + Zibi + ¢
bi ~ Nq(oa w)
€; ~~ an(o, UzAi)

where
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e y; is the n;x1 dependent variable vector for observations in the ith group.

e X; is the n;xp model matrix for the fixed effects for observations in the group

i.

e 5 isthe p x 1 vector of fixed-effect coefficients.

e 7, is the n;xq model matrix for the random effects for observations in group

i.

e b, isthe ¢ x 1 vector of random-effect for group .

e 1n,; is the number of measurements for subject .

e ¢; isthe n; x 1 vector of errors for observations in group .

e ¢ isthe ¢ x ¢ covariance matrix for the random effects.

e o2/, isthe n; x n; covariance matrix for the errors in group .

In this study, the ELS data is unbalanced in the sense that not an equal num-
ber of measurements is available for all subjects. ELS missing data is due to
some subjects not being able to be measured during the time of data collection.
Some subjects moved to other provinces due to school or work. Other sub-

jects were permanently lost due to death, teenage pregnancy and illness. LMM



Research methodology 66

accommodates ELS missing data. The LMM will show us the relationship be-
tween age and gender, and also share some light on what happens between
age and height. LMM will also present much needed information on different
models and based on Akaike’s information criterion and Schwarz’s Bayesian

criterion, the best model to fit ELS data will be chosen.



Chapter 4

Research analysis and results

4.1 Introduction

This chapter concentrates on the presentation and findings of growth varia-
tions of children in Ellisras, Limpopo Province, South Africa. For all computa-

tions, SPSS was used. Microsoft Excel was used to plot the graphs.

4.2 Descriptive statistics for age, height, weight,
velocity, and acceleration, by gender amongst

Ellisras rural children from 1996 to 2003

Table 4.1 to Table 4.5 show that boys were growing taller than girls from
November 1996 to November 1998. Both boys and girls grew slightly equal
in height between May 1999 and May 2000. However, from November 2000
to November 2003 girls grew taller than boys. Between 1996 and 1998 boys
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weighed more than girls. In 1999 both boys and girls weighed slightly equal.
However, between November 2000 and November 2003 girls weighed more
than boys. The PHV occurred at age 11.80 (sd=1.91) for girls in May 2001
and at age 14.21 (sd=2.09) for boys in May 2003. The PHYV for boys and girls
was 11.20 and 12.45 cm/year, respectively. On average, the rate of velocity for
girls was slightly higher than for boys at 13.28 and 13.08 cm/year respectively,
and the rate of acceleration for girls was slightly higher than for boys at 1.35
and 1.31 cm/year? respectively. On total average, the velocity and acceleration
for both boys and girls was 13.18 cm/year and 1.33 cm/year? respectively. The
onset of adolescent growth is defined by an increase in velocity (positive accel-
eration) (Nahhas et al., 2014). The onset of growth spurt for boys and girls was
observed in November 2000 at 12.30 (sd=1.86) and 12.23 (sd=1.53) cm/year re-
spectively. Mean age and height at onset of growth spurt was 12.05 (sd=1.84)
years and 145.14 (sd=10.44) cm for boys, respectively. Mean age and height at
onset of growth spurt was 12.32 (sd=1.67) years and 148.31 (sd=10.73) cm for
girls, respectively. This tells us that girls were taller than boys by 3.17 cm at

onset of growth spurt.

Table 4.1: Descriptive statistics for age, height, weight, velocity, and accelera-
tion, by gender amongst Ellisras rural children from 1996 to 1997

Nov 1996 May 1997 Nov 1997

Boys Girls Boys Girls Boys Girls
Age M 7.04 6.86 8.24 8.27 9.68 9.02
(sd) 1.55 1.56 0.85 1.02 1.10 1.11

Height (cm) M 120.15 120.73 127.63 124.44 133.03 129.78
(sd) 10.06 11.07 7.38 6.32 6.79 7.03

Weight (kg) M 18.38 19.05 22.21 20.96 24.70 22.82
(sd) 3.97 6.82 2.94 3.68 3.60 3.99

Velocity (cm/year) M 17.66 18.34 15.61 15.22 13.90 14.55
(sd) 2.90 3.68 1.45 1.53 1.45 1.46
Acceleration (cm/year?) M 2.73 2.97 1.93 1.87 1.47 1.66
(sd) 1.11 1.52 0.37 0.39 0.33 0.36

M = Mean, (sd) = Standard Deviation, Nov = November
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Table 4.2: Descriptive statistics for age, height, weight, velocity, and accelera-
tion, by gender amongst Ellisras rural children from 1998 to May 1999

May 1998 Nov 1998 May 1999
Boys Girls Boys Girls Boys Girls
Age M 9.73 9.33 10.22 9.82 10.73 10.47
(sd) 1.17 1.06 1.17 1.06 1.14 1.10
Height (cm) M 132.33 130.70 134.49 132.93 137.62 137.04
(sd) 6.54 6.61 6.65 6.60 6.79 7.49
Weight (kg) M 25.01 23.76 26.36 25.05 27.27 27.35
(sd) 3.53 3.99 3.84 4.15 4.20 4.70
Velocity (cm/year) M 13.75 14.14 13.28 13.64 12.93 13.19
(sd) 1.34 1.30 1.28 1.19 1.14 1.05
Acceleration (ecm/year?) M 1.45 1.55 1.33 1.42 1.23 1.25
(sd) 0.30 0.30 0.27 0.26 0.23 0.22
M = Mean, (sd) = Standard Deviation, Nov = November
Table 4.3: Descriptive statistics for age, height, weight, velocity, and accelera-
tion, by gender amongst Ellisras rural children from November 1999 to Novem-
ber 2000
Nov 1999 May 2000 Nov 2000
Boys Girls Boys Girls Boys Girls
Age M 11.25 10.89 11.75 11.49 12.05 12.32
(sd) 1.15 1.10 1.14 1.10 1.84 1.67
Height (cm) M 140.16 139.69 143.23 143.36 145.14 148.31
(sd) 6.54 6.88 6.95 8.19 10.44 10.73
Weight (kg) M 28.65 28.55 30.38 29.83 32.63 35.25
(sd) 4.59 4.95 4.89 5.86 6.15 8.17
Velocity (cm/year) M 12.55 12.90 12.27 12.55 12.30 12.23
(sd) 1.07 0.94 1.01 0.91 1.86 1.53
Acceleration (ecm/year?) M 1.14 1.20 1.06 1.11 1.09 1.01
(sd) 0.20 0.20 0.18 0.17 0.46 0.40
M = Mean, (sd) = Standard Deviation, Nov = November
Table 4.4: Descriptive statistics for age, height, weight, velocity, and accelera-
tion, by gender amongst Ellisras rural children from May 2000 to May 2003
May 2001 May 2002 May 2003
Boys Girls Boys Girls Boys Girls
Age M 11.85 11.80 12.70 12.67 14.21 14.37
(sd) 1.83 1.91 1.47 1.22 2.09 1.90
Height (cm) M 142.90 144.48 146.91 148.97 156.73 156.41
(sd) 10.82 11.94 8.74 7.93 12.87 10.92
Weight (kg) M 30.72 31.91 34.31 36.57 40.51 43.30
(sd) 6.64 7.97 6.81 7.57 9.64 10.78
Velocity (cm/year) M 12.28 12.45 11.67 111.83 11.20 11.01
(sd) 1.60 1.40 1.05 0.89 1.32 1.09
Acceleration (cm/ycar?) M 1.09 1.11 0.94 0.95 0.83 0.80
(sd) 0.38 0.34 0.19 0.17 0.27 0.23

M = Mean (2d) = Qtandard Deviation Nov = Novemher
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Table 4.5: Descriptive statistics for age, height, weight, velocity, and accelera-
tion, by gender amongst Ellisras rural children November 2003

Nov 2003

Boys Girls

Age M 15.10 15.14
(sd) 1.13 0.96

Height (cm) M 160.06 160.92
(sd) 8.72 7.79

Weight (kg) M 43.72 45.92
(sd) 7.75 7.62

Velocity (cm/year) M 10.64 10.66
(sd) 0.67 0.65
Acceleration (cm/year?) M 0.71 0.71
(sd) 0.09 0.08

M = Mean, (sd) = Standard Deviation, Nov = November

4.3 Distance curve fitted to the data of boys and
girls

Figure 4.1 shows the mean distance curves for boys and girls, age against
height. The curve shows that at the third measurement around age 9, boys

were a bit taller than girls. At around age 12, girls were a bit taller than boys.
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Figure 4.1: Distance curve for boys and girls
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4.3.1 Distance curve fitted to weight data for boys and
girls

Figure 4.2 shows the mean weight distance curves for boys and girls, age
against weight. From measurements 2 to 5 around ages 8 to 10, it is observed
that boys weighed more than girls at 24.7 kg for boys and 22.82 kg for girls.
At around age 12, boys weighed 32.63 kg and girls weighed 35.25 kg. Girls in-
creased on weight and weighed more than boys until the end of measurements

at age 15, where boys weighed 43.72 kg and girls weighed 45.92 kg.
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Figure 4.2: Distance curve fitted to weight data for boys and girls
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4.4 Velocity curves for boys and girls

Figure 4.3 shows the mean velocity curves for boys and girls, age against ve-

locity. The curves show that velocity is decreasing from the beginning until the

last measurement. At around age 9, the velocity for boys decreased by 0.01

cm/year and stood below the girls’ velocity.
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Figure 4.3: Velocity curves for boys and girls
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4.4.1 Acceleration curves for boys and girls

Figure 4.4 shows the mean acceleration curves for boys and girls, age against
acceleration. The acceleration decreased at a faster rate for the first three mea-
surements than other measurements. Girls started at a higher acceleration of
about 3 cm/year? above boys. It was also observed that in the middle of the
second and third measurements around ages 8 and 9, girls’ acceleration stood
above that of boys. Around age 12, boys’ acceleration took a lead and stood a
bit above girls’ acceleration. Girls’ acceleration decreased faster at about 1.31
cm/year? while boys’ acceleration decreased by 1.26 cm/year? at the beginning
of the first three measurements. At the age of 15, both boys and girls had the

same acceleration rate of 0.71 cm/year?.
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Figure 4.4: Acceleration curves for boys and girls

35
s
EZ.S 1
£l
215 ‘
£ 1- =f= Acceleration (Boys)
6
w 05 - 4= Acceleration (Girls)
E D I I I I I I
U
Pogngeyoaoonay
g CH0nonOoOOo-wenNHTTW
oHoe e o oo
Age (years)

4.5 Type III tests of fixed effects

Table 4.6 shows type III F test for the interaction between age and gender,
which is significant at 5 percent level, suggesting that the relationship of age

with growth varies depending on gender [F(1,2122.755) = 54.734, p = 0.000].
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Table 4.6: Type III tests of fixed effects

Source Numerator df Denominator df F P
Intercept 1 2126.480 176893.189 0.000
Gender 1 2126.480 32.530 0.000
Age 1 2122.755 77127.129 0.000
Gender * Age 1 2122.755 54.734 0.000

Df: degrees of freedom; p < 0.05

4.6 Estimates of fixed effects

Table 4.7 shows that there is a significant positive linear relationship of age
with distance for females (the reference level of gender), with the estimated
fixed effects being 5.177. This suggests that for females, a 1-year increase in
age results in an increase of 5.177 in mean distance (or growth), and this fixed
effect is significantly different from 0 based on the t test. There is also a signif-
icant interaction between gender and age, with the slope decreasing by 0.269
for males. This change in relationship is significant, based on the estimated

fixed effect (p = 0.000).

Table 4.7: Estimates of fixed effects

95 per CI
Parameter Estimate Std. Error df t P LB UB
Intercept 83.502 0.290 2134.228 287.680 0.000 82.932 84.071
Boys 2.296 0.403 2126.480 5.704  0.000 1.506 3.085
Girls 0 0 - - - - -
Age 5.177 0.026 2132.544 197.688 0.000 5.125 5.228
Boys * Age -0.269 0.036 2122.755 -7.398 0.000 -0.340 -0.197
Girls * Age 0 0 - - - - -

Std. Error: standard error; df: degrees of freedom; per; percent; CI: confidence interval; LB;
lower bound; UB: upper bound; p < 0.05
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4.7 Estimates of covariance parameters

Table 4.8 shows the estimates of covariance parameters representing the max-
imum likelihood estimates of the covariance parameters. The variance of the
random errors is estimated to be 3.40, which means that the random errors
associated with the growth observations (taking the fixed effects into account)

are sampled from a normal distribution with variance 3.40.

The covariance parameters define a 2 x 2 variance-covariance matrix for the

random effects, illustrated as follows:

Var(randomintercepts) Cov(randomintercepts, randomslopes)

Cov(randomintercepts, randomslopes) Var(randomslopes)

_ UNLY) ONE1)
CUN©2,1) UN(2,2)

The first parameter, represented by UN(1,1) indicates that there is initial ev-
idence of significance variance in these random effects based on the approxi-
mate Wald-test presented by SPSS (p = 0.000), suggesting that the intercepts
do in fact vary from child to child.

The next covariance parameter, represented by UN(2,1) indicates that the esti-
mated covariance is negative, suggesting that the higher the random effect for
the intercept (the larger a subject’s intercept), the smaller the random effect
for the age slope (the smaller the subject’s slope). This finding is quite common
in longitudinal studies and makes sense in the context: the more distance that

a child has to begin with, the less growing that they have to do.
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The last parameter, represented by UN(2,2), is the estimated variance of the
random subject effects associated with the age slope in the model. There is also
evidence of significant variance in these effects (p = 0.000), which suggests that

the slopes tend to vary from child to child.

Table 4.8: Estimates of fixed effects

95 per CI
Parameter Estimate Std. Error Wald Z P LB UB
Repeated ARI1 diagonal 3.403 0.034 100.985 0.000 3.337 3.470
Measures AR1 rho 0.000 0.000 - - - -
Intercept UN@{, 1) 82.863 2.863 28.939 0.000 77.437 88.669
+ Age UN(, 1) -5.482 0.229 -23.942  0.000 -5.930 -5.930
UN(, 2) 0.643 0.023 28.491  0.000 0.601 0.689

Std. Error: standard error; per; percent; CI: confidence interval; LB; lower bound; UB: upper
bound; p < 0.05

4.8 Pairwise comparison based on estimated marginal

means

Table 4.9 shows that the difference in means between boys and girls at the

mean age is not significant at 0.05 level (p = 0.094).

Table 4.9: Pairwise comparison based on estimated marginal means

95 per CI Diff

Gender
(IDGender (J)Gender Mean diff (I-J) Std. Error df P LB UB
Boys Girls -0.430 0.256 2315.179 0.094 -0.933 0.073
Girls Boys 0.430 0.256 2315.179 0.094 -0.073 0.933

Std. Error: standard error; df: degrees of freedom; per; percent; CI: confidence interval; diff:
difference LB; lower bound; UB: upper bound; p < 0.05
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4.9 Information criteria for the model with the
AR(1) covariance structure

Table 4.10 presents the information criteria for the model with AR(1) covari-
ance structure. In this model, the variance was assumed to be heterogeneous
and the correlations between the two adjacent time points declined across mea-

surement occasions.

Table 4.10: Information criteria for the model with the AR(1) covariance struc-
ture

Information criteria

-2 Restricted Log Likelihood 118417.47
Akaike’s Information Criterion (AIC) 118427.47
Hurvich and Tsai’s Criterion (AICC) 118427.47

Bozdogan’s Criterion (CAIC) 118473.14

Schwarz’s Bayesian Criterion (BIC) 118468.14

4,10 Information criteria for the reduced model
without the AR(1) covariance structure

Table 4.11 presents the information criteria for the reduced model without
AR(1) covariance structure. In this model, the variance between time points
which is not constant and the correlations between time points differ across

time.
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Table 4.11; Information criteria for the reduced model without the AR(1) co-
variance structure

Information criteria

-2 Restricted Log Likelihood 118417.47
Akaike’s Information Criterion (AIC) 118425.47
Hurvich and Tsai’s Criterion (AICC) 118425.47

Bozdogan’s Criterion (CAIC) 118462.00

Schwarz’s Bayesian Criterion (BIC) 118458.00

4,11 Information criteria from the reduced model
without the random age effects

Table 4.12 presents the information criteria from the reduced model without
the random age effects. In this model, the variance is constant. There is as-

sumed to be no correlation between any elements.

Table 4.12: Information criteria from the reduced model without the random
age effects

Information criteria

-2 Restricted Log Likelihood 127312.96
Akaike’s Information Criterion (AIC) 127318.96
Hurvich and Tsai’s Criterion (AICC) 127318.97

Bozdogan’s Criterion (CAIC) 127346.37

Schwarz’s Bayesian Criterion (BIC) 127343.37

4.12 Results of information criteria among three
covariance structure models

Table 4.13 presents the results of information criteria among three covariance

structure models. The unstructured covariance structure model often offers
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the best fit and is most commonly found in longitudinal data as it is the most
parsimonious, which requires no assumption in the errors structure (Singer,

1998).

Based on Table 4.13, it was observed that the smallest values in the three fit
criterion (i.e., -2RLL, AIC and BIC) were found in the unstructured model. This
suggested that the unstructured model was the best model in fitting the ELS
data.

Table 4.13: Results of information criteria among three covariance structure
models

Covariance structure -2RLL AIC BIC
AR(1) 118417.47 118427.47 118468.14
Unstructured 118417.47 118425.47 118458.00

Identity 127312.96 127318.96 127343.37




Chapter 5

Summary and conclusion

5.1 Introduction

This chapter summarises research undertaken on growth spurt in height and
weight of children in rural South Africa using the Ellisras Longitudinal Study
(ELS). Conclusions arrived at in this chapter are based on the objectives of the
study informed by the analysis conducted. Finally, the chapter offers recom-

mendations, including areas of further research.

5.2 Summary and conclusion

The main purpose of the study was to analyse the growth spurt in height and
weight of children in Ellisras, using the ELS. Ellisras, now known as Lepha-
lale, is a rural area located in the north-west of the Limpopo Province, South
Africa. According to South Africa’s census 2011 (the latest to date), Ellisras has

+115, 767 inhabitants in 42 settlements. Limpopo Province is known as one of
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the two most rural and poorest provinces in South Africa, the other being the
Eastern Cape. The key indicators of poverty in Ellisras, include low life ex-

pectancy and high unemployment rate.

The ELS has created opportunities to understand the health status of children
in rural South Africa. The ELS initially followed cluster sampling. Data on
children in Ellisras were collected biannually in May and November from 22
schools randomly selected from 68 in the area. The data analysed in this study
covered the period between November 1996 and November 2003, inclusive. A
total of 2,225 children were followed throughout the periodic surveys. However,
12.5% of the subjects were permanently lost, predominantly due to teenage

pregnancy, illness and migration to other areas.

5.2.1 Major findings

The interaction between age and gender was significant suggesting that the
relationship of age with growth varies depending on gender. There was also
a significant positive linear relationship of age with distance for girls. The
covariance parameter, represented by UN(2,1) indicated that the estimated co-
variance is negative, suggesting that the higher the random effect for the in-
tercept, the smaller the random effect for the age slope. This finding is quite
common in longitudinal studies and makes sense in the context: the more dis-
tance a child has to begin with, the less growing that they have to do (West,
2009). There was also evidence of significant variance in the effects, which sug-
gested that the slopes tend to vary from child to child. Based on the smallest
values of AIC and BIC, the unstructured covariance structure model was the

best model chosen to fit the ELS data.

The onset of growth spurt for Ellisras rural boys was at 12.05 years and for

girls was at 12.32 years while the Senegalese boys took off earlier at 11.02
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years (Benefice, 2007). According to Rogol et al. (2000) USA boys had their
onset growth spurt at 13 years while the Ellisras rural boys had their onset
growth spurt at 12.05 years, which only differs by 0.95 years with USA boys.
From this, it can be said that Ellisras rural boys and USA boys enter their
onset growth spurt almost at the same age. USA girls had their onset growth
spurt at 11 years (Rogol et al., 2000) and Ellisras rural girls had their onset
growth spurt at 12.32 years. From this it can be stated that USA girls had

their onset growth spurt before Ellisras rural girls.

At onset of growth spurt, Turkish boys were at 11.6 years and 146.1 cm (Bun-
dak et al., 2007), while Ellisras boys were at 12.05 years and 145.14 cm. From
these, we can tell that Turkish boys had an earlier onset of growth spurt than
Ellisras boys with a difference of 0.45 years. Turkish boys were also taller than

Ellisras boys at onset of growth spurt by a difference of 0.96 cm.

Velocity and acceleration decreases as age increases for both boys and girls.
This decrease means that when both boys and girls grow up, the rate at which
they grew tend to slow down and move slowly. However, the findings in this
study showed that at an early age the rate of growth is very fast but decreases

when boys and girls grow older.

The Ellisras rural boys reached their PHV at 14.21 years while the Senegalese
boys reached their PHV at 16.4 years (Benefice, 2007). Newcastle upon Tyne
adolescents reached their PHV at 14 and 12 years for boys and girls respec-
tively (Billewicz et al., 1981), similarly with Ellisras rural children at 14.21
and 11.80 years for boys and girls respectively. Ellisras rural girls had their
PHYV at 11.80 years earlier than Ellisras rural boys at 14.21 years.

The Dutch boys had their PHV at 14.0 years (Kemper et al., 1985), similarly
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with Ellisras rural boys at 14.21 years. Riga school children according to Aber-
bergaAugskalne and Kemper (2007) had their PHV at age 12.2 in girls and
13.7 in boys, which is almost similar to Ellisras rural children at ages 11.80 in
girls and 14.21 in boys. The PHYV for Ellisras rural children does not differ to

other studies across the world.

In another study by AberbergaAugskalne and Kemper (2007) their girls reached
PHV at 12.2 years and boys at 13.7 years almost the same with Ellisras rural
children at 11.80 years for girls and 14.21 years for boys. With just a little
difference, Ellisras rural girls had their PHV before girls in the study by Aber-
bergaAugskalne and Kemper (2007) while their boys had their PHV before

Ellisras rural boys.

Comparing Gambian children and Ellisras rural children, Gambian boys had
their PHV at 16.3 years (Billewicz and McGregor, 1982) two years later than
Ellisras rural boys at 14.21 years. Ellisras rural girls reached their PHV at
11.80 years earlier than Gambian girls at 13.80 years (Billewicz and McGre-
gor, 1982).

Another study in USA by (Granados et al., 2015) showed that the PHV was
at 12.1 years for girls and 13.7 years for boys. Compared with Ellisras rural
children, girls at 11.80 years and boys at 14.21 years it can be said that USA
children and Ellisras rural children had their PHV at the same age.

The PHV and age at PHV for Flemish boys was 9.7 cm/year and 13.8 years,
respectively (Philippaerts et al., 2006). Flemish boys compared with Ellisras
boys, the Flemish boys had their PHV earlier at 13.8 years than Ellisras boys
at 14.21 years. The PHV for Flemish boys was 9.7 cm/year less than Ellisras
boys at 11.20 cm/year. The Flemish and Ellisras boys differ by 1.5 cm/year in
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PHV.

5.2.2 Conclusion

In this study, we have analysed and compared growth variations in height and
weight of children in a rural South Africa using both descriptive statistics and
linear mixed model. Children in rural Ellisras in the Ellisras Longitudinal
Study and their growth variations do not differ much compared with other
children across the world. The Dutch boys and boys in rural Ellisras both had
their PHV at about the same age at 14.00 years and 14.21 years, respectively.
USA children had their PHV at 12.10 years for girls and 13.70 years for boys,
similarly with Ellisras children at 11.80 years for girls and 14.21 years for boys.

The onset of growth spurt for boys in rural Ellisras was at 12.05 years and
for girls it was at 12.32 years, while the Senegalese boys took off earlier at
11.02 years. Above all, girls in rural Ellisras had their PHV at 11.80 years
earlier than their boys at 14.21 years and the onset of growth spurt was 12.30
(sd=1.86) and 12.23 (sd=1.53) cm/year for boys and girls, respectively.

5.3 Recommendations

This section provides recommendations based on the research conducted in this

study and the literature visited.

5.3.1 Health care prospects

Unbhealthy lifestyles are important risks for most of the key causes of morbidity
and mortality. Researchers from the Nurses’ Health Study calculated that 82%
of coronary events in their cohort could be attributed to the lack of adherence

to a low-risk lifestyle (Koppes and Kemper, 2005). Improvements in lifestyle
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would postpone the first occurrence of disease, and thus would increase the
healthy life expectancy. As a consequence, the number of people in a popu-
lation with chronic disease would decrease. The economic effects of improved
lifestyles are therefore immense, especially when the decreased number of peo-

ple who lose productive life-years is taken into account (Koppes and Kemper,

2005).

5.3.2 Care or prevention

Considering the present and projected situation of considerable increases in
medical costs, unstable South African economy and the magnitude of preventable
disease and death, it is recommended that more of the health care budget be

spent on prevention.

Over the last two decades, there are more and more indications that circum-
stances early in life, for example, during adolescence, can have important con-
tributions to the risk of disease in adulthood (Koppes and Kemper, 2005). Even
pre-conceptional preventive activities have proven effective in the reduction of
later disease prevalence. The primary prevention of many adult diseases in
fact is a pediatric problem. Public health policies on prevention should take
account of this knowledge that prevention is expected to be most fruitful when

started in early life (Koppes and Kemper, 2005).

It is now time for preventive actions because trends of increased obesity have
been found in children and these trends disturbing (Monyeki et al., 1999; Monyeki
et al., 2008; Monyeki and Kemper, 2008). These trends are not restricted to
western countries. More developing countries show increases than decreases

in the prevalence of overweight (Koppes and Kemper, 2005).
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Considering adult health risks that are associated with childhood overweight,
a massive public health problem is looming. This problem requires effective
public policy responses. Given the high prevalence of overweight in many
countries, and the environmental (nongenetic) nature of the problem, there is
considerable potential for risk reduction. Although long-term changes of life-
style behaviours like dietary intake and physical activity are hard to achieve
in children and adults, the results of improved lifestyle behaviours will be the
prevention and retardation of severely negative effects on health and wellbeing

of individuals and societies (Koppes and Kemper, 2005).

In order to be able to cope with the pediatric problem to prevent adult disease,
it is important to get a better picture of the early risk factors and preven-
tive factors for later disability and disease, and to understand the pathways
through which these factors result in the health effects at adult age. This
knowledge could result in improved identification of persons who are at high
risk for later disease, and it could target interventions and be of help in moni-
toring the effects of interventions. Importantly, it could even explain why cer-

tain interventions are effective and others are not (Koppes and Kemper, 2005).

The cost of medication is escalating and hence prevention efforts should target
the whole population in the sub-saharan African continent (Monyeki and Kem-
per, 2008). Children are an important target group for health intervention. It
is increasingly recognised that the occurrence of adult cardiovascular diseases
are influenced by factors operating throughout the life course (Kuh and Smith,

2004).

An unhealthy lifestyle in the population has led to the escalating increase
in cardiovascular mortality (Monyeki and Kemper, 2008). Community health

workers employed by the government should be available, particularly in rural
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areas, to educate the illiterate and ignorant people about the dangers posed by
these diseases. A health promotion programme directed at the whole popula-
tion and a well-coordinated primary health service for early diagnoses and the
management of persons at risk of developing the cardiovascular disease could
be helpful. The success of the policy depends on equity, unified and decentral-
ization of a healthy service for the population (Monyeki and Kemper, 2008).

Eating plans to prevent cardiovascular diseases such as obesity and hyper-
tension are needed. Community awareness on healthy lifestyle may have a
key role in the prevention of such diseases later in life. There is a need for
health ministry to improve the public health sector. Above all, the health care
providers and the Limpopo provincial health department can use the findings

in this study for planning purposes.

5.3.3 Further studies

More research needs to be carried out in order to better understand the growth
variations of children in urban and rural areas in South Africa. This study

therefore recommends comparison between BT20 and ELS for future research.

5.4 Ethical consideration

The Ethics Committee of the University of Limpopo granted ethical approval
prior to the survey, and the parents or guardians provided informed consent.
This is part of the on-going Ellisras Longitudinal Study which received ethical
clearance on 27 July 2001 and subsequently in 2013 by the MREC/P/204/2013:1R.
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