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ABSTRACT

Growth rates of children are sensitive indicators of their health and well being. In
developed countries, longitudinal growth studies have allowed the development of growth
rates and growth charts used to monitor the normality or otherwise of a child's growth and
development. They have only been recently undertaken in the Afrlcan countries. We
initiated a mixed-longitudinal study at Vaalwater, Limpopo Province, and at Ubombo, Kwa-
Zulu Natal province. We involved 7-18 year old subjects attending rural schools and they
were compared with the National Centre of Health Statistics, World Health Organizations
Reference (2007) charts, Frisancho’s (1981) MUAC centiles, and Cole et al. (2007) BMI

cut-off points for thinness.

Measurements were taken using standard anthropometric methods and tools as

recommended by the WHO.

Local, rural, distance reference charts for healthy schoolgoing children of height, weight,
sitting height, biacromial diameter, biiliac diameter, relaxed upper arm circumference,
head circumference and skinfolds from the triceps, biceps, suprailiac and sub-scapular
sites, particularly for the 7-18 year olds, were constructed and smoothed by polynomials.
WHO reference (2007) showed:

Weight-for-age: Vaalwater girls were severely underweight(1.9%(0.6%, 5.7%)95%CI) with
mean(-0.89) and SD(1.09) and boys severely underweight(33.3%(1.1%, 9.2%)95%CI)
with  mean(-1.1) and SD(0.98). Ubombo girls(1.5%(0.2%,10%)95%CIl) severely
underweight with mean(-0.38) and SD(1.05) and boys(1.4%(0.2%,9.7%)95%CI) with
mean(-0.66) and SD(1.02).

Height-for-age: Vaalwater girls were severely stunted(5%(2.7%,8.9%)95%CI) mean(-0.91)
and SD(1.2) and boys(3.3%(1.7%,6.6%)95%CI) severely stunted with mean(-1.21)
SD(1.07), Ubombo girls were(2.2%(1.2%, 4.1%)95%CI) severely stunted mean(-0.66)
and SD(1.11), and UB boys were(3.3%(1.9%,5.9%)95%CI) severely stunted mean(-1.08)
and SD(1.11).
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BMI-for-age: Vaalwater children were severely wasted(3%(1.8%,5.2%)95%CI) with
mean(-1.44) and SD(0.93) and (2%(0%,0.7%)95%CI) of all the UB girls were obese.
BMI indicate that these children are severely thin particularly VAL boys. MUAC results

indicate that both UB and VAL children are severely undernourished at almost all ages.

Peak Height Velocities for Vaalwater and Ubombo girls were 6.02 cm/yr and 10.73 cm/yr
at 14.5 and 13.5 years respectively and 6.35 cm/yr and 5.97 cm/yr at 13.5 years and 15

years for Vaalwater and Ubombo boys respectively.

Vaalwater and Ubombo children are at severe risk of undernutrition and at risk of

premature death.
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CHAPTER 1

PHYSICAL GROWTH AND DEVELOPMENT OF BLACK SCHOOLCHILDREN

1.0 INTRODUCTION

11 The importance of Physical Growth and Development studies

Measurements of height, weight, skinfolds, head-circumference, and many other body
measurements have been carried out fairly extensively in many countries of the
developed world. These studies have formed the basis for anthropometric reference
charts used to establish the normality or otherwise of human growth in these countries.
Their findings serve as informational data in the shaping of national health policies and
public programmes. The term Anthropometry or Auxology, describes the study of physical

body measurements.

Anthropometric measurements have been widely used to distinguish children who are
“normal” from those who are “malnourished” in order to select those in need of priority
attention. Measurement of the physical growth and development of the child is a sensitive

indicator of the health or otherwise of the community.

Literature on growth and development indicate that differences between populations in the
size and shape of adults may be due to differences in their gene pools, or both, in their
environment, and in the interactions between the two. A child’s growth and physical

development are also determined by an interaction of genetic and environmental factors.

Where environmental factors such as food, clothing, housing, recreation, emotional and
proper parental care and a stimulating environment are all entirely favourable and ill-
health is absent, an individual should attain the maximum growth of his/her potential. If the
diet is deficient, the environment unfavourable, or prolonged ill-health occurs, the full
growth potential is not realized and the child’s body measurements fall in the lower part of

the range and below the normal range of values found in other populations.

This wide range in the body measurements of children may be expressed graphically
according to age, by means of percentile charts based on the measurements of large
numbers of healthy children. In the last 40 years, many countries have drawn up child

population growth charts. These charts are used to compare the growth patterns of
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children from disadvantaged or advantaged communities against the reference charts as
agreed by international experts who study human growth and development and lately, by
well researched standard charts of normal children, either from their own communities or

from internationally accepted growth charts.

In this way individuals and groups of children can be physically diagnosed as normal or
otherwise. The health and well being of children can hence be effectively monitored by
their growth and measured by anthropometry (Tanner, 1962). Some 50 nations have
drawn up national programmes of action (NPA's), which aimed at reaching certain targets.
They agreed that child malnutrition, effective control of major childhood diseases, the
reduction in under five death rates, reduction in maternal mortality, provision of safe water
to the communities, the universal availability of family planning services, and a basic
education for all children, is key priorities (The State of the world’s children, 1993). To
reduce malnutrition, many countries started a growth-monitoring programme with the aim

of reaching all preschool children.

The great bulk of the research on this subject has been done in the most developed
communities and less so in the underdeveloped communities. Recently most of the
studies have been performed in a wide range of contemporary developing societies in
Africa, Asia, and South and Central America (Eveleth and Tanner, 1976), (Tanner, 1978).
Yet information on birth weight for example, has been gathered in Europe and North
America for well over a century. These measurements provide an opportunity to examine
the relationship between actual measurements taken and socio-economic factors in
circumstances dramatically different from those of the recent past. For health
professionals, this evidence permits an examination of the effects of long-term economic

development and social change upon birth weight, height or any other metrical character.

1.2 Standard Charts

There has been a debate amongst human biologists and public health workers generally,
about the desirability or otherwise of a single universal “reference” or “standard” for growth
(Eveleth and Tanner, 1990). (Van Loon , 1986), criticised the use of such standards in
Africa because of different socio-economic conditions between Africa and the developed

countries where these standards were generated.

It is important to distinguish between a reference and a standard. While a reference may
be defined as a tool for grouping and analysing data and that it provides a common basis

for comparing populations; no inferences should be made about the meaning of observed




Stranger Kgamphe PhD

differences. A standard, on the other hand, embraces the notion of a norm or desirable
target, and thus involves a value judgement, (WHO, 1995). The WHO expert committee
also went as far as recommending a body mass index cut-off of greater or equal to 30 as
a provisional standard of grade 2 overweight applicable to all adults, mainly because

available data on risks of morbidity and mortality supports this fact.

“....Clearly what is needed, and what is very actively in progress, is for countries or at
least broad regions, to generate their own standards” (Eveleth and Tanner, 1990). A lot of
data in this direction are available in South Africa although some are not published, for
example, those of (Turner, 1910-1916). Most of the studies done, however, were cross-
sectional in their design with few metrical trails, mostly height and weight only, (Tobias,
1971).

A National Centre for Health Statistics (NCHS) task force has constructed growth charts
for infants and children in the United States showing weight, length (recumbent or
upright), and weight by length and head circumference (U.S Dept. of Health, Education
and Welfare, 1976). Clinical use of the charts made it possible to compare any child with
the rest of the U.S child population of like age and sex. These charts also helped to
detect malnutrition and growth disturbances among infants and children. These
international reference data were recommended by the World Health Organization for
comparing, monitoring and evaluating populations (Waterloo , 1977). Deviations from
NCHS data may be expressed in three ways: (1) as standard deviation scores (SDS),
usually called Z-scores or SD’s, (2) as a percentage of the NCHS median for the

appropriate age and sex, and (3) as percentile values of the age and sex distribution.

These NCHS/WHO international reference data for assessing growth in children and
adolescents above 5 years of age had several drawbacks; The BMI reference data starts
only at 9 years of age with a limited percentile range of 5™ — 95" . The NCHS reference
curves were also constructed using a different and now an outdated method compared to

what was used for the WHO standards.

In order to develop new recommendations for the appropriate uses and interpretation of
anthropometry in infants and young children, The WHO constituted a Working Group and
their report was tabled in 1994 (WHO, 1994). This report led to the conclusion that the
NCHS/WHO “...international reference was flawed and failed to depict physiologic growth
adequately.” This was identified as a scientific weakness and would interfere with the
sound nutritional management of young children. The Working group then concluded that

new growth curves were needed.
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The pooled sample from the six countries (Brazil, Ghana, India, Norway, Oman and the
USA) that participated in the Multicenter Growth Reference Study (MGRS), allowed the

“

development of a truly international standard, and hence “...reiterating the fact that
children grow similarly when their health care needs are met”. Two growth curves have
since been constructed from the MGRS data, the birth to 5 years (de Onis et.al. 2004) and

the WHO Reference 2007 for the 5 to 19 year old boys and girls (de Onis et.al. 2007).

A major characteristic of the new standard is that it makes breastfeeding as the biological

“norm” and establishes the breastfed infant as the normative growth model.

In this PhD research study, it was hypothesised that the South African rural Black children
grow similarly to all other “normal” children and hence compared the NCHS results to
those of the newly constructed growth curves emanating from the WHO Multicenter
Growth Reference Study (MGRS), particularly the WHO Reference 2007 for the 5 — 19

year old boys and girls.

The US National Health and Nutrition Examination Survey (NHANES), published in 1990
by Frisancho and the National Centre of Health Statistics (NCHS, 2000), were among the
most popular survey data published in America and are based on a national sample of
children, (Cameron and Kgamphe, 1992). Comparative studies from the rural samples
from Kenya were those of Turkana pastoralists and Kamba children reported by (Little and
Johnson, 1987) and (Kulin , 1982) respectively. Other data for rural Tswana children from

Botswana were reported by (Corlett and Woollard, 1988).

1.3 Types of Research Studies

There are three main types of research studies: Cross-sectional, Longitudinal and Mixed-

longitudinal studies:

1.3.1 Cross-sectional studies

Studies that are characterized by a single measurement occasion are called Cross-
sectional Studies. These studies are relatively cheap, easy to conduct and take less time
to execute and analyse. They provide good estimates of the central tendency and
variation of the population. While they are the most effective in estimating the mean value

of any given measurement they do not, however, allow for the estimation of individual
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variations in the rate of growth. Population “standards” and growth charts for clinical

application are based largely on cross-sectional data (Marshall, 1977).
1.3.2 Longitudinal studies

These studies are characterized by the taking of measurements from the same subjects
on more than one measurement occasion, hence they are said to be longitudinal by
design. Data are therefore collected at repeated measurement occasions using the same
individuals. They thus allow for the estimation of individual growth rates and variation

(Marshall, 1977). They are extremely difficult to conduct, time consuming and not cheap.

The first longitudinal studies of human growth began in the United States of America
between 1920 and 1930, (Bock , 1973). Data collected in these studies makes possible
the quantitative genetic studies of parent-offspring resemblances in the pattern of growth.
When stature is measured in each age group, “distance stature” and “stature velocity”
graphs can be plotted. Distance stature is the height attained at each age group and
stature velocity is the rate of change of stature per period between measurements that is
the growth rate. The maximum height velocity achieved during the adolescent spurt is
termed “peak height velocity” (PHV) and is an important landmark in the growth of all
normal children. The PHV reached by children varies widely and it is related to the

adolescent growth spurt.
1.4 Adolescent Growth Spurt

Adolescence is the process or condition of growing up i.e. the period between childhood
and maturity. Puberty on the other hand is the condition of having become physically and
functionally capable of procreation. While puberty is an end result of sexual maturity,
adolescence is a process during which physical, sexual, psychological and emotional

changes in an individual take place.

In a sample of British girls, (Marshall and Tanner, 1969), observed a mean age at peak
height velocity of 12.14 (+/-) 0.14 yrs (SD = 0.88 yr). Adolescent girls may reach their
maximum growth rates at any time between their 10" and 14" birthdays (Marshall, 1977).
For boys, the mean age was 14.06 (+/-) 0.14 yrs (SD = 0.92). Most boys reach their PHV
between their 12" and 16th birthdays (Marshall, 1977).

A small and marginally significant correlation between the timing of the adolescent spurt

and mature length, with a later spurt weakly associated with stature was shown by (Bock ,
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1973). They also showed that in girls, there appears to be some relationship between the
rate of growth in years 1 to 4 and mature length. Their figures for average age for

maximum velocity in adolescence were 13.0 years in boys and 11.0 years for girls.

There are five stages of breast development in girls during puberty (Marshall, 1977).
Pubic hair development may also be described in five stages. Menarche, or the onset of
menstruation or menses takes place at an average age of 13.0 years (SD = 1.0 year), in
the southern parts of the United Kingdom. However, this may vary per country, race
(social category not as well defined genetic or biological groups) and socio-economic
group (Marshall, 1977). These are the measurements to be observed in girls. In boys, the
five stages of pubic hair development are based on the same criteria as are used for girls
with allowance for anatomical differences. Testicular volume in boys may be measured by
“Prader Orchidometer” (Marshall, 1977). In pre-adolescent boys, the volume is usually 1.2
or 3.0 ml and a volume greater than this usually indicates the beginning of puberty
(Marshall, 1977). The development of the male genitalia like that of the breasts in girls has

also been divided into five stages (Tanner, 1962).

Although the WHO Reference 2007, provides a smooth transition from the child growth
standards for 0-5 years, to the older age groups and that the data charts and tables cover
the broader percentile than the NCHS, i.e. the 1% to the 99" percentile and from -3 to +3
standard deviations(SD) instead of only the 5-95™ percentile range provided by the NCHS
reference charts, the weight-for-age(WFA) in older children, above 10 years , is not a
good indicator as it cannot distinguish between height and body mass in an age period
where many children are experiencing the pubertal growth spurt and may appear as
having excess weight (by weight by age) when in fact they are just tall. Body Mass
index(BMI)-for-age is the recommended indicator for assessing thinness, overweight and
obesity in children 10-19 years. In this thesis, the data analysis will indicate prevalence for
thinness, overweight and obesity using BMI-for-age indicator as recommended by WHO
Reference 2007.
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15 Mixed Longitudinal Studies

These studies are characterized by repeated measurements of the same individuals
together with single occasion measurements. The original design of longitudinal studies
almost always leads to the mixed-longitudinal studies because of the difficulties inherent
in sustaining the same subjects over a period of time. Data collected from these studies
need careful and different analysis from pure results in cross-sectional or longitudinal

studies.

Individual children’s data, irrespective of whether they have been measured on each
successive occasion, one after the other or once off or even at alternate occasions, their
individual data needs to be analysed together. Towards this end, WHO developed WHO
AnthroPlus software to facilitate the application of the WHO Reference 2007 for 5-19
years to monitor the growth of school-age children and adolescents. Geneva: WHO, 2009

(www.who.int/growthref/tools/en/ )

1.6 Deciding on the Type of Study

The choice and application of the type of study to adopt depends entirely on the type of
question to be answered by the research if the question requires a single measurement of
impact due to a long-term intervention, a cross-sectional study will be suitable. If on the
other hand, a continuous monitoring of a process is sought, longitudinal studies will be
suitable. The choice of study to be adopted will depend also on whether the information
needed for decision-making will benefit the analysis of the whole population or of
individuals within that population. Where individual variation needs to be understood,
longitudinal studies will apply, whereas the need for average statistical data can be easily
provided by the cross-sectional studies. Most nutritional surveys involve the cross-
sectional assessment of the absolute nutritional status of a group. Such data may be used
to determine the baseline values and may enable the identification of groups or individuals
who are at risk. Nutritional surveillance on the other hand involves the continuous
monitoring of the nutritional status of selected population groups, hence the need for
longitudinal studies. The latter studies may be used to formulate and initiate intervention

measures at the population or sub-population level.

1.7 Sample Size

Lack of bias in the sample selection, randomness and external validity of the sample is

recommended and sometimes required. The sample validity will be the extent to which a
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chosen instrument or tool must obtain the required results. Most growth studies are
concerned with the growth of normal individual children or with the setting up of
“Standards” which will give the normal variation of a population of children at different

ages.

The “power” of the sample is important in determining the effective results from the study.
Boys and girls grow differently; hence separate standards for girls and boys will apply.
Sexual dimorphism shows girls maturing two years earlier than boys (Marshall, 1977).
Ideally, each age and sex should be represented in the sample by at least 30 subjects per

age group.

1.8 Timing of the Study

Differences in height and weight amongst high socio-economic status (SES) urban school
children, born in the different months of the year were reported (Henneberg and Louw,
1993). These seasonal effects on growth and development have to be taken into
consideration during the design phase of the study. Other studies on this subject include
“seasonal variation in pre- and post-partum maternal body measurements and infant birth
weights”, (Adair and Pollitt, 1983). The “seasonality” of births and birth weights in
Tanzania was also reported (Bantje, 1987). Seasonal variations in growth rates of normal

and blind children were reported by (Marshall and Swan, 1971).

1.9 Decision on What Variables to Measure

The traditional practitioners of anthropometry were physical anthropologists and human
biologists. The pioneer in the methods used and the analysis of growth variation, (Franz
Boas 1895), demonstrated how the environment can shape the growth process. Other
leaders include Matiegka, Skerlj, (Todd, 1937), (Krogman, 1941) and (Tanner, 1962),
(Brozek et al., 1965), who are independent leaders in terms of new approaches to the

study of growth, body composition and biological maturation.

Anthropometric evaluations of the upper limb are widely used in the nutritional
assessment of children, and in recent years they have also been found valuable in
assessing adult nutritional status. Standards for adults aged 25 years and over, were
derived by (Jelliffe, 1966), who based arm circumference standards on the population
median taken from (1) 3,357 military men from Turkey, Greece and ltaly, (Hertzberg ,
1963) and (2) 10,042 women from the USA, (O’ Brien and Shelton, 1941).
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Skinfold measurements and arm muscle circumference have been used to assess
depletion of protein and energy reserves in the developed world, (Bistrian , 1974),
(Bistrian , 1976), (Mullen , 1979). Nutritional status can be assessed by weight for age,
height for age, weight for height and middle upper arm circumference (MUAC) (Rees ,
1987).

Weight-for-age and height-for-age appear to be the best for identifying long and medium
term factors; weight velocity for identifying short-term factors (Bairagi, 1987). Weight-for-
height is third in the identifying of long and medium term factors, second for identifying

short-term factors. Height velocity identifies short-term factors only (Bairagi, 1987).

WHO Anthro, a software developed by the WHO, was developed to facilitate the
application of the WHO Reference 2007 for 5-19 years to monitor the growth of school-
age children and adolescents and was published in 2006 together with the first set of the
WHO Growth Standards (i.e. weight-for-age, height—for-age and BMI-for-age and
windows of achievement for six gross motor milestones). In 2008, WHO Anthro was
updated to include the second set of attained growth indicators: Head-circumference-for-
age, arm-circumference-for-age, triceps and sub-scapular skinfold-for-age. With the
launch of the WHO Reference 2007 for children 5-19 years, users expressed the need for
a software to facilitate data analysis for this age group and hence the AnthroPlus was
developed. More details will be provided under the Materials and Methods section on how

AnthroPlus WHO software was used in this thesis.

The principles and the rationale behind this research are based on the international
recognition of the use of anthropometric measurements in assessing the impact of
environment on human growth and development, particularly on those health policies and
public support for breastfeeding that must be strengthened by having breastfed infants as
the reference for normal growth and development. The importance of monitoring growth in
underdeveloped countries is well documented. The fulfilment of the desire of the new
governments to prioritise socio-economic needs and the allocation of resources can be
aided by available information on health issues as related to available anthropometric
measurements. These local measurements can be compared to the internationally

accepted growth standards or to the local charts.

191 Rationale and background of this study

The approach adopted in this thesis covered a general literature review comparing the

international application of anthropometric studies, African studies and South African
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studies. Of specific focus, were the gaps in knowledge and differences in available data
on body measurements between developed countries and developing or underdeveloped
countries. This focus highlighted the degree and the frequency of cross-sectional surveys

as compared to longitudinal or mixed longitudinal studies in different countries.

Urban and rural studies, and the age groups of children surveyed, were reviewed to
indicate the gaps in knowledge and available anthropometric data especially in African
and South African surveys. Lack of local charts and the popular use of international
reference charts, reinforce the need for more human growth and development studies in

those countries with the highest mortality rates due to malnutrition.

Relationships between anthropometric data and the health and well being of communities
were discussed. Lack of precise “age” in those studies done in underdeveloped countries
was highlighted. The restriction of most growth studies to schoolchildren to the almost
total exclusion of pre-school and adult subjects was debated. Studies have shown that
pre-school children demonstrate that growth rates in the first year of life are not
significantly different between blacks, whites, coloureds and Asians. Many studies cover
few body measurements. In this study, height, weight, head circumference, relaxed upper
arm circumference, sitting height, biceps skinfold, triceps skinfold, suprailiac skinfold and
sub-scapular skinfold and the two diameters, bi-acromial and bi-iliac were measured in all

the children studied.

These measurements, together with the assessment of secondary sexual characteristics
of one of the rural groups studied, and the longitudinal nature of the study, make it
comparable to one of the other few longitudinal studies that covered more anthropometric
measurements e.g. that of Cape Coloured children (Henneberg and louw, 1989), where
twenty anthropometric measurements were taken from about 4000 Cape Coloured

children.

Following the extensive literature review of human growth and development at
international level, in Africa and particularly in South Africa, it became imperative to
investigate, and enlarge our understanding of the impact of environment on growth and
development of the two rural populations of schoolchildren from Ubombo (UB), Northern
Kwa-Zulu Natal, and Vaalwater (VAL), Limpopo Province, both provinces forming part of
South Africa.

This interest on Growth and Development studies by the author, was stimulated by being

involved in other studies that highlighted e.g. the importance of accuracy of data, timing of

10
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the research undertaken, frequency of visits to projects and reliability of data generally
obtained from research studies and hence the type of interpretation that would follow.
Amongst other projects, the main experience was gained from the Birth to Ten studies

outlined below.

1.9.2 Background of growth studies by the author

1.9.21 Birth to Ten (name changed to Birth to Twenty)

The Birth to Ten studies aimed to follow children’s growth and development for ten years.
The study has been extended to follow the children’s growth milestones in their natural
environments for twenty years and has since been coined Birth to Twenty. Several initial
publications at the beginning of the studies reported on the accuracy of data and sampling
techniques. (Cameron, 1992a, 1992b; Cameron and de Wet, 1995; Cameron and
Kgamphe, 1993).

Birth To Twenty (BTT) formed one of the few pure longitudinal studies in South Africa at
the time. The BTT study included information covering maternal health, socio-economic
status and child health. While involved in the founding process, training of local
professionals and the calibration of scientific instruments in order to standardise the
process and involved in taking of growth measurements of these children, | developed
an understanding of the use and application of growth and development measurements.
The process adopted in the approach and the initial findings have since been published
(Fonn, De Beer, Kgamphe JS, Mcintyre J, Cameron N, Padayachee GN, Wagstaff L,
Zitha D, 1991) during the initial stage of "Birth to Ten" - pilot studies to test the feasibility of
a birth cohort study investigating the effects of urbanisation in South Africa. The group
found the accurate monthly birth rates, the timing, frequency of visits to well-baby clinics
and the accuracy and reliability of routinely collected growth data including the appropriate
use of birth data collection form. Many children studies in Africa do not have accurate birth

records and hence difficult to translate the important data collected into useful information.

In partnership with the Canadian group, we published “International Anthropometric Study
of Facial Morphology in Various Ethnic Groups/Races” (social category not as well defined
genetic or biological groups). The background to this study was that Anthropometric
methods were introduced into clinical practice to quantify changes in the cranio-facial
framework. For this to happen, surgeons require accurate cranio-facial databases. In
order to contribute to this need, Anthropometric measurements of the face from various

ethnic groups were gathered by an international team of scientists. | collected data from

11
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the local Zulu population group as a contribution and co-author (“Journal of Cranio-facial
Surgery, 2005). The study group consisted of 1470 healthy subjects (18 to 30 years), 750
males and 720 females. The largest group was that of (780 subjects, 12.2%), five from
Asia (300 subjects, 20.4%) and four from peoples of African origin (210 subjects, 14.3%).
(Farkas , 2005).

Their morphological characteristics were determined by 14 anthropometric facial
measurements. The overall findings on the comparison of the ethnic group’s databases
with the established norms of the North American Whites (NAW) offered the most suitable
way to select a method of successful treatment. The orbital regions exhibited the greatest
variations in identical and contrasting measurements in comparison to NAW. Nose
heights and widths contrasted sharply between sexes of Asian and Black groups and
among Caucasians, nose height significantly differed from NAW in three ethnic groups

with one shorter and two greater.

These data are urgently needed by medical professionals but have been lacking up till

now in western and northern Europe, Asia and particularly in Africa.

1.9.3 Approach to the presentation of the thesis

The approach adopted in this thesis was such that, aims of the study were followed by
specific hypotheses to be tested by the research. The three null hypotheses tested were
firstly, that rural black children have their normal growth pattern due to adaptation and
hence a local distance reference charts needs to be generated and secondly that they
have the same pattern of growth, in terms of magnitude and timing, as that of those of the
NCHS reference data and the WHO Reference 2007 and thirdly, that rural children from
Vaalwater, have the same pattern of secondary sexual development as that of white
European or American Children. The analysis will test if there is any growth deficiency in
the rural South African children as compared with International standards, and that the
findings will allow for recommendations for the implementation of effective health policies

as a long term corrective action.

Professor Noel Cameron started the growth and development programme in the
Department of Anatomical Sciences and trained Stranger Kgamphe, the Senior Research
Officer in that Department at the time, and the author of this thesis, on the research
aspects of growth and development monitoring. A further study, ten years after the initial
study at Vaalwater (VAL), undertaken by Kgamphe (KGA) together with the third year

science students from the University of the Witwatersrand, aimed to assess the possible
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impact of the new government’s policies on the growth and development of South African
rural black children in the Limpopo Province. The sample sizes were unfortunately too
small for a comprehensive comparison, but by using the WHO AnthroPlus software that
allows for individual analysis (1A) by age, Z-scores were generated to give an indication of

their growth status as compared to WHO Reference 2007.

An extensive overview of growth studies was critically assessed in the literature review,
covering major world studies on rural and urban factors affecting growth. International,
African and South African studies were compared and the gaps in knowledge were
identified. The objectives of the study were tabulated at the end of chapter 2, followed by
an account of Materials and Methods in chapter 3. Data editing, the type of information
collected and the characteristics of the sample were discussed in Chapter 4 and statistical
analysis techniques, particularly Coefficient of Variations (CV) of all measurements from
both Ubombo (UB) and Vaalwater (VAL), were dealt with in Chapter 5.

In Chapter 6 the results were presented as follows:

1.9.3.1 Distance data

Attained measurements of height, weight, sitting height, head-circumference, bi-acromial
diameter, bi-iliac diameter and thicknesses of the four skinfolds from the triceps, biceps,
supra-iliac and sub-scapular sites were tabled. The generation of the local rural Distance
reference charts forms the basic estimation of how the “normal’ local children from both

UB and VAL who attends school and may have adapted to their local environments.

1.9.3.2 Comparison of rural data to both NCHS and WHO Reference 2007

The release of the WHO Reference 2007 multi-country growth charts has recently
generated a sigh of relief to many human biologists. It highlighted the gaps and
compromises that had to be endured in using other reference data including the NCHS
reference data, that provided a basis for making comparisons only and didn’t enable
evaluation and judgement. The limitations of NCHS reference have now been highlighted
even more so after the WHO comprehensive review of child growth references. The new
standards show how children should grow in all countries rather than merely describing

how they grew at a particular time and place.

Standards set benchmarks and therefore are more effective guides to, and evaluators of,

interventions to improve heal