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Abstract

The current UK stature and weight references were first published in 1966 and
have been used ever since despite concern that they may not adequately describe
the growth of present-day British children. In addition, weight is a poor indicator
of fatness/obesity, and there is not a corresponding set of reference curves to
assess obesity. In adults, Body Mass Index (BMI; i.e. weight/height®) is popular,
but its use in children has only developed recently. Using current data new
reference curves of stature, weight and BMI have been estimated from birth to 23
years for children in 1990. The great majority of the data are nationally

representative.

The curves were derived using Cole’s LMS method, which adjusts the data
distribution for skewness and allows individual measurements to be expressed as
exact centiles or standard deviation scores. Use of the curves is aided by the
provision of nine centiles, where the two extremes identify the smallest and largest
0.4 percent. These new curves differ from those currently used at key ages for both
stature and weight. In view of this, the concerns expressed about the current
curves, and the lack of a corresponding reference for obesity, it is proposed that

these new curves be adopted as the UK reference.

The second section of the thesis is concerned with individual longitudinal growth
modelling. Two non-linear curves were compared; the Preece-Baines model III and
the Jolicoeur-Pontier-Pernin-Sempé model. The JPPS model gave a better fit, and
was used to estimate ages at take-off and PHV, and PHV. The parameter pairs
(C1, D)), (Cs, Dy) and (Cs, Ds) had maximum influence during early, mid and late
childhood respectively. Adult stature was independent of the timing and size of the
pubertal growth spurt. JPPS parameter D; was strongly related though not
identical to PHV and this relationship estimated.
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Chapter 1: Introduction

1.1: History of the study of growth

The study of human growth has occupied the attention of researchers for several
centuries, but it is only in the latter half of the 20th century that there has been
formulated a coherent approach to the collection and appropriate analysis of relevant
data. The first recorded measurements of a child followed longitudinally from birth to
early adulthood were those taken on the son of a French nobleman, the Comte de
Montbeillard (1720-1785). At about the same time the first table of measurements of
human growth, taken on children resident in the Royal Orphanage, Berlin during the
spring of 1754, were published by Christian Friedrich Jampert (d. 1758).

These two studies were conducted out of scientific curiosity prompted by a desire to
study and describe the pattern of normal human growth. They had much in common
with modern growth studies which aim to produce reference centiles for monitoring the
status and growth of normal populations and individuals. In contrast to these two, the
majority of growth data now available from before the nineteenth century arose out of
the requirements of the military. The two most widely studied datasets are those from
the Carlschule, a military style academy for the sons of the wealthy of Stuttgart for the
years 1772-1794 (Komlos et al, 1992), and the Marine Society children of London,
1786-1860. In addition there are other data relating to army recruits, one of the most

extensive being an archive of Norwegian men dating from 1741.

Auxological epidemiology, the use of growth data to search out, and later define,
sub-optimal conditions of health (Tanner, 1981), has its beginnings at the start of the
nineteenth century with the rise in concern about the conditions of the working classes
and their children. There was now a change in emphasis of growth studies, with the
intellectual impulses and the requirements of the military being eclipsed by a desire to
achieve social reform, through a demonstration of the adverse effects on growth, of
poor living conditions and child labour; a practice which was widespread in Britain until
the introduction in 1833 of the Factories Regulation Act. This Act made it illegal for

children under the age of 9 years to work in various types of textile factories and much
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improved the working conditions of children aged 9 to 12 years. The desire to monitor
the effects of the social environment and changes to it is not unlike the impetus behind
the present-day National Survey of Health and Growth (Irwig, 1976; Rona & Chinn,
1984). The prime instigators of this movement were Villermé (1782-1863) in France,
Quetelet (1796-1874) in Belgium and Chadwick (1800-1890) and Farr (1807-1883) in
Britain.

In addition to this change in motivation for growth studies, there was a move towards
the development of mathematical modes of analysis of growth data. The initiator of this
was the Belgian astronomer and mathematician, Adolphe Quetelet, who discovered
that human height was distributed in many populations according to Gauss's newly
described Law of Error, which Quetelet always regarded as a law of error and not a

more general law of distribution.

Quetelet was the first person to fit a curve to describe the relationship between height
and age, and produce a table of growth. The model he fitted was derived from the
equation for conic sections which he worked on for his doctoral thesis (which gave a
continuously decreasing velocity of growth from birth onwards) and he applied it to the
means of data grouped by age. However, Quetelet committed two errors. The first was
to fit an inappropriate curve, which did not allow for the increasing velocity of growth
during puberty (the adolescent growth spurt); he believed that the spurt in growth
during adolescence was the result of catch-up growth in certain individuals and was
unrelated to the general pattern of growth. Secondly, by applying his curve to the mean
heights of children grouped by age, he averaged out the effect on growth, of puberty.
As there is a spurt in growth during puberty which occurs in different individuals at
different ages, its effect is reduced in the mean curve calculated cross-sectionally, as
demonstrated later in this chapter.

It was quickly recognised that the model was wrong but only one contemporary, JHW
Lehmann (1800-1863), raised any objections, and he was largely ignored. Lehmann
pointed out that as the growth spurt of individuals during puberty occurred at different
times in different individuals its effect was diminished in the mean growth curve and

consequently, it was unsurprising that it was not observed in Quetelet's curve, fitted as
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it was to the mean of data grouped by age. This was unappreciated for a long time and
Quetelet's table was still being used in 1917 when it was included in the first edition of
D'Arcy Thompson's book 'On Growth and Form'.

During the latter half of the nineteenth century following on from Quetelet's work on
the mathematics of growth came Roberts (d.1901) and Galton (1822-1911) in Britain,
Bowditch (1840-1911) in the United States and Pagliani (1847-1932) in Italy. All these
contributed to laying the foundations of modern auxology, foundations which were
built upon and greatly expanded during the early part of the twentieth century by Franz
Boas (1858-1942).

Charles Roberts initially became involved in auxology as one of five doctors conducting
inspections and measurements for the 1872-3 textile factories survey set up by the 1872
Parliamentary Commission. He was not a prolific writer in this field and his reputation
rests mainly on two papers published in 1874 and 1876 and to a lesser extent on his
Manual of Anthropometry' published in 1878. Roberts was the first to place emphasis
upon variation around the mean and also produced the first frequency distributions
since those of Quetelet's detailing the size of new-bormns in 1831. Together with
Bowditch in the United States, they were the first to publish a bivariate table of
measurements, that of weight against height.

Henry Bowditch, in addition to producing bivariate frequencies, calculated velocities of
growth from the successive differences between yearly means, showing quite plainly the
adolescent growth spurts in both the sexes. In the 1891 annual report of the Board of
Health of the State of Massachusetts he applied Galton's method of percentile grades to
his data and produced the first practical growth standards by which the growth of a
child could be judged against the population. He was the first person to notice the
skewness of the distribution of height during puberty, though it was Boas who
correctly explained it.

Luigi Pagliani's reputation, in common with Charles Roberts, rests upon two papers,
published in 1875-6 and 1879. He was amongst the first to realise the difference
between what he called the individualising (longitudinal) and the generalising (cross-
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sectional) approaches and wrote about the relative advantages of both. He introduced a
method for removing the effects of sampling bias in calculating yearly means for
longitudinal data, a method revived much later by Tanner(1952; 1965). The method
involved calculating the actual increments shown by each individual and taking the
means at each age. The growth curve for height was then constructed by adding these
mean increments successively onto the cross-sectional mean value of 10 year-olds, the

youngest age group in his sample.

Of all the people developing the study of human growth at the end of the nineteenth
century, Galton was by far the most important, introducing many new statistical ideas
into the field. He was the first to describe stratified sampling, stratifying his sample of
children by social class, and his design for an apparatus to measure human height
closely resembled the stadiometer designed by RH Whitehouse and still used today. He
invented the now common system of percentiles and also computed the 'probable error'
values for his frequency distributions of height, weight and head circumference, a term
renamed probable deviation in 1888 and replaced in 1894 by Karl Pearson's standard
deviation. Thus, he was responsible for the use of a measure of the dispersion of values
and not simply the average values when describing growth data. Though he was not the
first to do so, he understood more clearly than many of his contemporaries, the
distortion introduced into growth curves at puberty by the averaging of cross-sectional
data, causing the curves to be much less steep than curves constructed from
longitudinal data. He realised that tallness representing advancement in childhood was
no guarantee of ultimate tallness and when he later turned his attention towards the
inheritance of height, he introduced the use of both the regression and correlation

coefficients.

Galton did much to develop the statistics of auxology but the man who is regarded by
many as founding the field of modern auxology was Franz Boas. Boas was a prolific
researcher, publishing much over an extended period, his first article appearing in 1892
and last in 1941. He discovered that some individuals were more mature physically than
others for a given age throughout the whole of childhood and introduced the concept
of developmental age into paediatric practice. He was the first to use the phrase ‘tempo
of growth' to describe the tendency of development to be either fast or slow. Though it
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was Bowditch who first noticed the increased skewness of the distribution of height
during puberty it was Boas who correctly explained it as being due to adding together
the figures for individuals with different degrees of acceleration and retardation; the
generally taller, physiologically advanced entering puberty early whilst the generally
shorter, physiologically delayed entered puberty late. This caused a positive correlation
between height and height gain in early puberty and a negative correlation in late
puberty.

Boas showed that early developing children first rise through a system of standard
percentiles, calculated from cross-sectional data, and later drop back, whereas the late
developer does the reverse. Even an average individual departs from the average centile
(if the centiles were calculated cross-sectionally), for the slope of his curve is greater
than the cross-sectionally derived average. Boas thus placed much emphasis on the
importance of following individuals and on the use of appropriate modes of analysis for
longitudinal data.

Since Boas' work, auxology and the methods used have grown enormously. The above
is only a very brief description of the early history of auxology and the mathematics of
growth, to put into historical context the present research. Further details, including a
complete description of auxological research from the earliest times to the beginning of
the 1980s, is contained in JM Tanner's extensive book 'A history of the study of human
growth' (Tanner, 1981).
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1.2: The Assessment of Growth

The need for a growth reference

The physical growth of children has long been recognised as a powerful indicator of the
condition of both societies and individuals (Wolff, 1935; Ellis, 1945; Preece, 1986;
Tanner 1986a; Micozz, 1993), and growth reference curves are an invaluable aid to
health surveillance. They can be used to monitor and compare the health and nutritional
status of populations or sub-populations - the population-monitoring function, or to
monitor the health and nutritional status of individuals - the individual-monitoring
function.

Population monitoring

For population monitoring, reference curves can be of use but are not essential. The
aim is usually to contrast two or more populations with respect to one or more
anthropometric variables, and this could be achieved simply by comparing the means
and variances of randomly selected children, grouped by age. However, international
comparisons are made easier if the data are organised in a standardised form and for
this reason the use of a international reference has been recommended (Waterlow et al,
1977). In addition, secular trends (changes over time) within a population can be more
easily monitored if the data are similar from one measurement occasion to the next; for
example, the National Survey of Health and Growth (NSHG) was set up in 1972 to
monitor the effects of changes in welfare policy and the environment, on growth and
lung function, during the primary-school years (Irwig, 1976). It continues to the present
day, collecting data in a standardised form for comparison with previous cohorts.

The monitoring of individuals

When the purpose of measurement is to examine the status of individual children, some
form of standardised reference with which to assess the growth of each individual, is
essential. The use of appropriate reference charts is an integral part of any child health

surveillance programme. They aid both the screening and identification of those
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children at risk of various disorders affecting growth, and assist clinicians needing to
monitor the growth of individuals over several years. Growth charts are useful for
investigating groups of not overtly ill children and provide a basis for decision-making

concerning further investigation and intervention (Tanner, 1986b).

Used for screening, a reference compares (for a given variable) the current growth
status of an individual child with the reference population. Provided the reference is
based upon a random sample of children from the target population to whom it is to be
applied, it can be used to provide limits of normality, within which the values for the
majority of children lie. Children whose values lying outside of these limits may be
regarded as worthy of further monitoring or investigation.

Growth charts are useful not only to measure children on single occasions and to screen
for disorders, but also as a tool for clinicians who need to monitor the growth of
individual children over time. This is the case when growth faltering is suspected, for
whatever reason, or when the effects of an intervention which affects growth need to
be monitored, such as with hormone treatment for children who are growth hormone

deficient.

In Great Britain, growth screening, as part of an child health surveillance programme,
has been considered by a Joint Working Party on Child Health Surveillance, which was
first established in 1986 (Hall, 1991). They emphasised the benefits of surveillance and
presented guidelines for the routine screening of childhood disorders. The screening for
disorders, not only of growth but of all aspects of child development, was considered
an important part of routine surveillance and maintenance of children’s health
(MacFarlane et al, 1989). This Joint Working Party recognised the need for continuing
revision of protocols in the light of experience and new information, their current
recommendations are the result of a revision of the initial report, whilst a third report is
in preparation at present and should be available soon. Prior to the publication of the
first report in 1989 there had been great variability in the ages at which children were
examined and in the tests which were performed, and the report presented, for the first
time in the UK, a proposal for a unified National Child Health Surveillance Programme.
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In addition to the monitoring of growth, the nutritional status of children is also of
interest to child health care workers. Nowadays, in developed countries such as Great
Britain, under-nutrition is no longer regarded as a widespread problem, and much
greater attention is paid to the increasing levels of obesity in the general population, at
all ages. In developing countries, where resources are often scarce, malnutrition is of
much greater concern and monitoring aids the identification of those individuals who

would benefit most from some form of nutritional intervention.

Weight adjusted for height has generally been used to examine nutritional status in
children as it reflects, more accurately than weight, a person’s shape; shape being
considered indicative of body composition (Keys et al, 1972). Several different indices
have been proposed, though charts are only available for prepubertal children, and few
allow any adjustment to be made for age (Hamill et al, 1977, Chinn & Morris, 1980;
Dibley et al 1987 (a) & (b)). This has meant that children of different ages but the same
height are compared together, despite the fact that body fat content varies greatly with
age during childhood (Fomon et al, 1982; Cole, 1985). In addition, though nutritional
monitoring is most important in early childhood (Hall, 1991), its usefulness does not
end once adolescence is reached and a situation where, currently, there is no suitable

reference available for this period is clearly unsatisfactory.

In adults, Quetelet's Index or Body Mass Index (BMI; i.e. weight/height’ (kg/m?)),
which varies little with age, is often used as a proxy measure of adiposity (‘fatness’) to
provide age-independent cut-off criteria, as it shows good correlations with more exact
measures of adiposity and has a low correlation with stature (Khosla & Lowe, 1967,
Garrow & Webster, 1985). However, it changes considerably with age during
childhood (Rolland-Cachera et al, 1982) and thus for it to be applicable to childhood
populations, age-related centiles are required. Its use as a nutritional index in childhood
is not widespread and of the few references that exist none are entirely satisfactory,
either because they cover a limited age range or the data are old (Rolland-Cachera et al,
1991; Hammer et al, 1991; Must et al, 1991). The majority of the data for childhood
(ages 1 month to 15 years inclusive) for the French BMI reference (Rolland-Cachera et

al, 1991) came from a longitudinal study of growth of 171 children recruited between
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1953 and 1960. The reference described by Hammer et al (1991) was based upon
measurements taken between 1971 and 1974, whilst those of Must et al (1991) cover
ages 6 years and above and moreover only the 85th and 95 percentiles are presented.
There is a need to have an age-related reference for the whole of childhood, against
which to assess the nutritional status of children, and BMI is proposed as a suitable

candidate variable for the production of such a reference.

1.3: The Techniques of Growth Monitoring

Growth reference charts usually contain sets of curves plotted with age on the
horizontal axis and some measure of growth (e.g. height or weight attained) on the
vertical axis. These curves represent the percentage of the population at each age that
falls below a particular value and are known as centile lines; with stature attained, for
example, only 3% of children from the reference population fall below the 3™ centile
line. Historically, the commonly used centiles and the ones employed by Tanner and
Whitehouse (1976) are the 3%, 10t 25t 50% 75 90% and 97 The charts provide
cut-off values at each age such that individuals who fall outside certain limits (usually
the 3™ and 97" centiles) are regarded as being worthy of monitoring or further

investigation (Tanner, 1986b).

Distance or Velocity?

Distance describes total growth attained at each age, and curves can be produced from
either cross-sectional or longitudinal data. Velocity describes the rate at which growth
occurs, usually expressed per year, and curves can only be constructed from
longitudinal data. Velocity summarises the growth experience over whole years rather
than at single ages, and is calculated as the difference between two distance values,
usually taken a year apart, and for a distance curve constructed using longitudinal data
it represents the slope. Data collected cross-sectionally contain single observations on
each child, .whereas longitudinally collected data contain serial observations on each

child, allowing annual velocities for each to be calculated.
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Distance curves constructed from cross-sectional data are appropriate when a child is
measured on a single occasion, and are used for screening. For each child, they
compare the current status of the variable under investigation to the reference sample,
(usually drawn from the target population to whom the charts are to be applied).
However, they provide no information as to how well individual children are growing,
and for the longitudinal investigation of growth, velocity curves, or distance curves
constructed from longitudinal data, are usually used. Velocity curves, in particular, may
be useful as they quantify the measured rate of growth for each individual by comparing

it to that expected in the reference population.

Until age 9 years in girls and 11 years in boys, growth within a group of children is
relatively homogeneous, and cross-sectionally calculated centiles can be used for the
longitudinal monitoring of individuals (Tanner, 1986b; Preece, 1989). However, after
this age, due to differences in tempo between children, it is considered inappropriate to
use cross-sectionally based centiles (the term tempo, first coined by Boas, describes the
tendency of earlier maturing children to be developmentally ahead of later maturing
children at all ages). During puberty, growth amongst children becomes much more
varied, with the early maturers starting and finishing the spurt early, the late maturers
starting and finishing much later and the average maturers developing at a rate between
these two extremes, and the size of the spurt varying greatly between individuals, even
of similar tempo.

As a result of this increased heterogeneity of growth during puberty, the combining of
data from children at all different stages of development leads to a reduction in the size
of the adolescent growth spurt in cross-sectionally calculated centiles. It is the result of
taking a linear sum of growth curves that are non-linear in their parameters and is
demonstrated overleaf using height velocity data from five boys in the Harpenden
Growth Study (Figure 1.1 (a) & (b)).
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Reference curves of both distance and velocity, appropriate to the follow-up of
individuals during puberty, have generally been constructed from longitudinal data
which allow estimation of both the size and timing of the spurt in individuals (Tanner et
al, 1966 (a) & (b)); indeed, velocities can only be constructed from longitudinal data.
However, there are various problems associated with the construction and
interpretation of longitudinal curves, both logistical and statistical, which can make their
construction infeasible. Longitudinal data collection is costly, and it can be difficult to
maintain the interest of enough subjects throughout to make the results statistically
valid; estimates based upon small numbers will be less precise than those calculated
from large samples and in addition the possible existence of systematic bias in the
estimates is greater for small samples. Due to the length of time involved in the
collection of longitudinal data, they are often out of date by the time the study is
completed and it is likely that the sample may be unrepresentative of the general
population as those who remain in the study tend to be those whose circumstances
allow regular attendance and whose motivation is above average (Preece, 1989). The
Dutch attempted to overcome this by measuring children twice, a year apart, in order to
calculate a single year velocity for each child (Roede & Van Wieringen, 1985). This is,
in effect, a cross-sectional velocity reference, as there is a single velocity measure per
child. However, this does not allow estimation of tempo of growth for each individual
and so is unsatisfactory for the construction of a reference during puberty which needs
to be able to adjust for maturity.

Statistical difficulties also exist, in the estimation of both the median growth curve and
the variability around it, and the interpretation of the consequent curves. Tanner et al
(1966, (a) & (b)) produced their curves graphically and did not make any assumptions
about the distributions of the individual curves. Though the method had the advantage
of not imposing any structure on the curves, by not fitting a specific model, it relied
heavily upon the draughtsmanship of those drawing the curves. Nowadays, several
non-linear models exist which reflect very well the shape of individual growth curves
(Preece & Baines, 1978; Jolicoeur et al, 1988, 1992; Kanefuji & Shohoji, 1990).
Difficulties arise though in estimation of the median growth curve from these individual

curves, as Merrell (1931) has shown that the mean parameter curve may systematically
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underestimate or overestimate the mean size at each age, depending upon the curvature

of the function chosen.

As well as the difficulties in estimating the median growth curve, are problems in the
estimation of the variability of longitudinal growth. Tanner et al (1966, (a) & (b))
estimated the slope of the median growth curve using the average slopes of the
individual curves aligned at the median age at peak height velocity. For the variability
they used that from the cross-sectionally calculated curves. However these curves are
difficult to interpret and the charts make no allowance during infancy and puberty for
the effect of regression to the mean, which arises because of the negative correlation
between expected height velocity and initial stature during these periods (Cole, 1994a).
Does the median curve represent the growth of the median growing child and what of
the median growing early or late developer? How is the growth of those not following
the median curve to be quantified? To produce curves allowing for tempo many
individuals at each level of tempo would be needed, as there is great variability in the

size of the spurt, even for individuals of the same tempo.

Furthermore, the longitudinal data available for this current research consisted of
stature (length below age 2 years) data on 79 boys and 62 girls born in Edinburgh
between 1972 and 1976, measured biannually from birth to maturity. This sample was
inadequate for the production of longitudinal reference curves, especially if adjustment
for tempo were incorporated, as has been suggested elsewhere (Tanner, 1986b). For
this reason and because of the statistical difficulties outlined above, longitudinal growth

reference curves were not produced.

Choice of Sampling Population

The choice of population, from which data for the production of reference charts
should be collected, is important. Should charts be constructed using data collected
from the population to which they are to be applied (representative) or from some
external population to which the growth of those being monitored should aspire
(optimal)? Though the use of an international reference to compare groups of

children is not in dispute and is in fact to be recommended, the use of one to
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monitor the status of individuals is controversial and has been the subject of much
debate (Habicht et al 1974; Goldstein, 1974; Goldstein & Tanner, 1980; Graitcer
& Gentry, 1981; Eusebio & Nubé, 1981; Trowbridge, 1982; Anon, 1984; Sullivan
et al 1991).

Goldstein and Tanner (1980) argue that, for the monitoring of individuals, every
country should have its own reference charts based on a representative population
sample of that country. A child should be judged against what is achievable within its
own environment, with the place for an international reference being in making
comparisons between different population or sub-population groups. There is a danger
that an international reference may become regarded as a 'gold standard' of growth, to
which the growth of all children should aspire, when in fact it describes only the current
growth of children in the sampled population, the WHO/NCHS (National Centre for
Health Statistics, 1977, World Health Organization, 1978) international reference is
based upon data from the USA, where obesity levels are high (Kuczmarski et al, 1994)
and it would be neither appropriate nor desirable to expect children in the developing
world to grow in that way.

Advocates of a single international reference for the monitoring of individuals state
that the growth of privileged children in developing countries experience growth
patterns not dissimilar to those in developed countries and thus it is suitable to
apply references for developed countries to children in less developed nations
(Habicht et al, 1974, Graitcer & Gentry, 1981). However, as Goldstein (1974)
asserts, this fails to acknowledge that whatever his genetic potential, the poorer
child will have a growth pattern related to his environment, which although at a
lower level than a child from a more privileged environment may be optimal for
him. There is also the implicit assumption that the growth of children from the
reference population is optimal and this may not be the case, particularly where

obesity levels are high, such as as mentioned above in the USA.

Furthermore, an optimal population sample is difficult to define as what may be optimal
in one situation may not be in another. It has been suggested that a definition of
optimality could be based upon good health (Preece, 1989). However, even assuming
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that morbidity and mortality statistics upon which to base the definition of good health
are available (which may not be the case for many countries), the definition of health
itself is extremely difficult. Health is a relative concept, and depends upon cultural and
temporal norms and is constantly changing. The curves developed during this current
project were based upon a representative population sample of the UK in 1990. To
limit the possibility that they may become regarded as a 'gold standard', the term
standard has been avoided, and they will be referred to throughout as a growth

reference.
Centiles or Standard Deviation Scores?

When the underlying distribution is normal or can be transformed to normal,
anthropometric data may be expressed as standard deviation scores (SDS, SD score, Z-
score, Normal Equivalent Deviate (NED)), as well as in terms of centile position. The
SD score of an individual i is calculated as the difference between the measurement
value (possibly transformed) for that individual (3;) and the mean measurement for the
population (1), divided by the population standard deviation (o). It quantifies how far,
in terms of the population standard deviation, that value is from the population mean
SD scores are normally distributed with mean of 0 and variance of 1.

SD score for individual i = Yi—H (LD
o

There is some debate as to the relative advantages of expressing data in terms of SD
scores or centiles, though in reality this is somewhat artificial, as they both have their
uses. Centile position represents a direct probability statement, and is useful in a clinical
context, as it is a much easier quantity to explain to a patient (Preece, 1989). However,
secondary analysis is more appropriate for data organised as SD scores than for data
expressed as centiles, and for children who lie outside the normal range, an SD score
represents an exact quantity and is of greater value than the statement that the child lies
below the 3" centile (or above the 97™) (Davies et al, 1993). Macfarlane (1994) has
suggested that the difference in two consecutive SD scores could be used as a























































































































































































































































































































































































































































































