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Abstract

Measuring growth provides the opportunity to assess an individual’s
health and nutritional status as well as reflect the quality of life and
social wellbeing. Global standards and references for child and ado-
lescent growth have been adopted by many countries including Sri
Lanka, but it is questionable whether these charts are appropriate.
They are known to over-diagnose undernutrition and under-diag-
nose over-nutrition in many low-and-middle-income countries.
This article reviews the effect of body composition and ethnicity on
the assessment of growth of Sri Lankan children.
Growth has been documented since early civilization. Standards and
references for assessing intrauterine, infant, child and adolescent
growth have evolved for regional, national, and international use.
Attention has been focused on socio-economic, political, and emo-
tional (SEPE) factors as primary determinants of growth as well as
ethnicity.
Growth charts are based on the distribution of growth parameters in
the population. Cut-off values are defined by statistical distributions
rather than by the biological meaning of growth measurements. As
most of the adverse health outcomes are related to an individual’s
body composition, anthropometry should correctly reflect body
composition and critical cut-off values should help assessing health
risks. Yet, the distributions of height, weight, and BMI of healthy
children of many low-and-middle-income countries differs from
the global growth standards recommended for use by theWHO, and
Sri Lankan children differ and show a shift to the left. In 5- to 15-
year-old healthy children height, weight, and BMI range between
-3SD and +1SD. Thus, applying global standards will often lead
to false estimates when defining stunting, thinness, and obesity in
these children. This highlights the importance of local rather than
universal growth standards. Many countries have meanwhile taken
the initiative to develop national growth charts. Further, Sri Lanka
needs local growth charts and relevant cut-off values for the correct
assessment of height, weight and BMI.

Take-home message for students It is important to develop appropriate cut-off values for the assess-
ment of height, weight, and BMI for Sri Lankan children.
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Introduction

Physical growth is a quantitative increase
in body size or mass (Bogin 2020). Mea-
surements of growth parameters provide
the opportunity to assess an individual’s
health and nutritional status as well as
reflect the quality of life and social wellbe-
ing. Sri Lanka as a middle-income country
has shown high achievements in health
indices. However, the anthropometric pa-
rameters have not improved beyond a cer-
tain point over a long period of time and
since then have stagnated. The last demo-
graphic and health survey (2016) showed
stunting (height-for-age) to be 17%, un-
derweight (weight-for-age) to be 21% and
wasting (weight-for-height) to be 15% (De-
partment of Census and Statistics, Ministry
of National Policies and Economic Affairs
2017). This has puzzled health authorities
as well as growth physiologists because
of the lack of improvement beyond this
point. Many nutrition supplementation
programs as well as awareness programs
are being conducted to improve these in-
dices in Sri Lanka, but with little success.
The reasons for the poor improvement of
the nutritional anthropometric indicators
have been discussed at many forums, but
a proper explanation has not been found.
Apart from stunting, overweight and obe-
sity (OW/OB) among children and adults
are also increasing in the country as well
as its related non-communicable disease
(NCD) burden. Doubts have been cast
over the use of current anthropometric
indices for the diagnosis of OW/OB due
to the increasing case load of NCD among
metabolically unhealthy non-obese indi-
viduals (Wickramasinghe et al. 2013).
Growth assessment is mainly based on an-
thropometric measurements. However, a
stand-alone measurement value is mean-
ingless until it is properly interpreted.
Therefore, all anthropometric measure-

ments should be plotted on the appropriate
growth charts. The outcome of the inter-
pretation then needs to be addressed and
actions should be taken.

The evolution of the Assessment

of Growth

Since the early civilizations, body propor-
tions were appreciated with careful mea-
surements of the body at different ages.
This is evident in art work, paintings and
sculptures (Bogin 2020). Egyptians used
a grid system to record body proportions
with the help of which they were even able
to accurately demonstrate growth disor-
ders. Different stages of life were identified
by ancient civilizations. Romans described
“seven stages of life” paving the way for
current life cycle approaches to an organ-
ism’s biological development (Bogin 2020).
In the 18th century, the interest in studying
human growth grew in Europe and the
value of collecting data was appreciated.
The French Count Philibert Guéneau du
Montbeillard (1720–1785) collected longi-
tudinal data of his son born in 1759, at
six-monthly intervals until 18 years of age.
This is considered the first longitudinal
set of human growth data and was pub-
lished by George-Louie Leclerc de Buffon
(1707–1788) in 1777 in the Histoire Na-
turelle (Bogin 2020). Afterwards, more and
more people got interested. Tanner used
these data to describe both distance charts
(size) and velocity charts (growth rates).
Differential seasonal variations of height
and weight, mid upper arm circumference
and ponderal index were described in Eu-
rope during the 19th century. Rudolfo Livi
defined the ponderal index and Quetelet
described the BMI (Bogin 2020). In the
second half of the 19th century, Henry
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Bowditch gathered height and weight
measurements from about twenty-four
thousand school children and for the first
time constructed percentile growth charts
(Bowditch 1891).
During the early 20th century, many lon-
gitudinal cohort studies on growth were
started in United States and Europe. The
Fels Longitudinal Study in Yellow Springs,
Ohio, from 1929 to 1970 is one of the earli-
est and most comprehensive studies. The
director of the study, Lester W. Sontag
(1901–1991), wrote “… that modern under-
standing of the growth, health, behavior,
and effectiveness of human beings could
only be understood if the nature and signif-
icance of individual characteristics of each
child’s physiological, biochemical, nutri-
tional, educational, and environmental
characteristics could be assessed and inte-
grated into a total picture” (Sontag 1971).
As the need for growth assessment gained
importance, Howard Meredith was invited
to develop a “Physical Growth Record” in
1947 (Meredith 1949). It included charts
for assessing weight and height from 4 to
11 years for boys and girls based on afflu-
ent school children from Iowa, USA, in the
1940s (Meredith 1949). In the 1960s and
1970s, this study was followed by several
European and US American growth charts,
of which the Tanner (Tanner et al. 1966)
and the Harvard growth charts (Steven-
son and Stuart 1950) may explicitly been
mentioned. Based on data collected in the
Boston region from 1930 to 1956, sex com-
bined Harvard curves were developed. The
WHO used these growth curves later as an
international reference (Jelliffe 1966). The
US National Academy of Sciences recom-
mended a new set of growth references in
1974 based on cross-sectional data from
the US health and examination surveys
of the National Centre for Health Statis-
tics (NCHS) and longitudinal data from
the Fels Research Institute (Hegsted et al.
1974). The NCHS and CDC joint expert

group developed growth charts from birth
to 18 years of age (head circumference
charts for younger ages and height and
weight charts for all ages) (Hamill et al.
1977; Hamill et al. 1979). References for
under 2 years of age were developed us-
ing reference data produced by the Fels
longitudinal study collected from 1929 to
1975 from a selected population in Ohio.
Data of 2- to 18-year-old children were
cross-sectionally collected in three coun-
try-wide surveys carried out in the USA by
the NCHS from 1960 to 1975.
In 1975, the WHO recommended to use
height and weight reference charts for
nutritional surveillance (Waterlow et al.
1977). Countries that did not have local ref-
erence charts were advised to create local
sets of cross-sectional data. It was recom-
mended to measure at least 200 well-nour-
ished children in each age and sex group
and to perform measurements by trained
staff using calibrated equipment (Waterlow
et al. 1977). Although all of these criteria
were not met, new US growth references
were published by the National Academy
of Science (Hegsted et al. 1974). British
references were published by Tanner et al.
(1966) and Dutch references by vanWierin-
gen (1972). Nevertheless, the WHO contin-
ued to consider the NCHS/CDC charts
as the most suitable for international use.
Sri Lanka began to use this sex combined,
WHO recommended NCHS/CDC weight-
for-age chart from birth to 5 years of age
for the assessment of weight (growth).
The main limitations of these charts were
their confinement to an affluent white
Caucasian population and that they were
collected at diverse time periods, from
predominantly formula fed children who
started with complementary food at differ-
ent ages. In 1970, Gairdner and Pearson
revised the Tanner charts in the UK (Gaird-
ner, D., Pearson, J. 1985). The 1990 growth
references of the UK replaced all previous
charts (Cole 1997). The NCHS/CDC 2000



4 V. Wickramasinghe • Growth and body composition of Sri Lankan children • HBPH 2022 Vol. 3 • pp. 1–13

charts replaced previous charts in the USA
(Kuczmarski et al. 2000).
In these years, the variety of European
and US American growth charts appeared
disadvantageous and a need for an in-
ternationally applicable growth standard
was discussed to better compare the nutri-
tional status of children across the world.
It was stated that height andweight of well-
fed healthy children from different ethnic
groups and continents showed only little
variation in growth. This notion paved
the way for the WHO to consider interna-
tional growth standards based on healthy
children raised under most suitable condi-
tions. Such standards were considered to
reflect optimum growth in various parts of
the world. In 1996, representative samples
fromUSA, Brazil, Oman, India, Ghana and
Norway were selected and longitudinally
followed up from birth to 24 months of life.
Cross-sectional data were added for the
ages 25 to 60 months (Borghi et al. 2006).
Smoothed height and BMI-for-age growth
charts for children and adolescents of both
sexes aged 5 to 18 years were developed by
WHO based on the 1977 NCHS data (Onis
et al. 2007).
In line with adult BMI cut-off values of
25kg/m2, and 30kg/m2 for overweight and
obesity respectively, the International Obe-
sity Task Force developed sex specific cut-
off values at six-monthly intervals for 2-
to 18-year old children (Cole et al. 2000).
Subsequently, BMI cut-off values to also
diagnose three levels of thinness corre-
sponding to adult BMI values of 16kg/m2,
17kg/m2 and 18.5kg/m2 were added (Cole
et al. 2007).
The assessment of growth in Sri Lankan
children spans several decades, and it was
mostly done using WHO recommended
standards. Island wide uniform growth
monitoring began in the 1970s with a
weight-for-age chart without sex discrimi-
nation.The 50th centile for boys and 3rd cen-
tile for girls up to 5 years of age were based

on WHO/NCHS standards. It aimed at de-
tecting under-nutrition rather than over-
nutrition. With the development of WHO
2006 standard, Sri Lanka incorporated the
weight-for-age and length/height-for-age
charts of each sex based on SD scores for
under 5 growth monitoring. Head circum-
ferences for age charts based on centiles
from birth to 3 years of age also included.
For children above 5 years, sex specific
WHO/NCHS references were used with
height-for-age charts for 5 to 11 years of
age and weight-for-height charts for those
who were 90 to 145cm in height. In 2014,
above 5-year growth charts were replaced
with height-for-age and BMI-for-age charts
for monitoring of growth in 5- to 18-year-
old children for each sex based on WHO
2007 references. In 2019, the centile values
for occipital frontal circumference/head
circumference for age was replaced by SD
score.
Advances in neonatal care enabled many
preterm babies to survive and grow, but
the available infant growth charts were
inappropriate for these babies. With an
increased understanding of the impact of
early growth on later health and the impact
of the first 1000 days of life, growth moni-
toring during early days became important
in the management of preterm infants.
Barker’s hypothesis on the fetal origin of
adult disease describes the association be-
tween adverse fetal environment and the
prevalence of non-communicable disease
in adulthood (Barker et al. 1993; Barker
and Osmond 1986; Barker et al. 1989). The
“accelerated growth hypothesis” by Sing-
hal and Lucas postulates that rapid excess
growth during first year of life can lead
to adverse health outcomes later (Singhal
et al. 2007). The concept highlighted the
importance of close monitoring of preterm
growth in order to prevent the development
of NCD later in life. Using North American
data, Babson and Benda developed graphs
for the assessment of preterm infants from
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26 weeks of gestation till one year of age
post term (Babson and Benda 1976). These
were updated in 2003 extending to the age
from 22 to 50 weeks of gestational age (Fen-
ton 2003).
Nutrition, maternal and fetal disease, intra-
as well as extra-uterine environment, and
the genetic potential affect fetal growth
and contribute to the differences in birth
weights world-wide. Most of the prenatal
growth references were developed on small
samples of local populations. The INTER-
GROWTH-21st (Villar et al. 2014) project
aimed at assessing fetal growth and new-
born size using an international representa-
tive sample. Pregnant women from Brazil,
Italy, Oman, UK, and USA, China, India
and Kenya were recruited for a multi-cen-
ter fetal growth study. This study showed
similar fetal growth and birth size in the
different geographical settings as long as
mothers’ nutrition and health are at a high
level with minimum environmental con-
straints. Combining these data with the
WHO growth standards allow for interna-
tional standards from conception to birth
including the assessment of preterm babies
up to 6 months of post term age. Sri Lanka
uses these preterm charts since 2017.
Yet, recent evidence suggests that prenatal
growth of Indian children and gestational
weight gain (GWG)which is the proxymea-
sure of intrauterine growth differs from the
INTERGROWTH-21st reference (Thiruven-
gadam et al. 2022). 26% of the mothers had
a GWG <10th centile at 18–20 weeks, and
45% at time of delivery. Ethnic differences
in GWG should be considered when mak-
ing clinical decision (Hermanussen 2022).

Reference selection and

application

Growth references are statistical sum-
maries of anthropometry, conditioned
(usually) on age and sex. References de-
scribe how children do grow, in contrast
to growth standards that prescribe how
children should grow (Khadilkar and
Khadilkar 2011). References are descrip-
tive and show how the children are grow-
ing according to their prevailing situation.
References relate health, nutrition, and the
social-economic-political-emotional situ-
ation to the reference population (Bogin
2021). International charts help to com-
pare between different countries, socio-
economic and ethnic groups, but they may
over-report stunting, wasting, and under-
weight in many developing countries such
as Sri Lanka.
It is important to consider that stunting is
not a synonym of malnutrition (Scheffler
et al. 2020). Thus, growth references and
standards must not be used to define mal-
nutrition (Bhutta et al. 2017; Bogin et al.
2022; Hermanussen and Wit 2017; Mumm
et al. 2017). This also applies for the pop-
ulation of Sri Lanka. If we want to focus
on malnutrition, it is important to stress
that assessing an individual’s health status
needs specific information on nutrition.
This includes information on food avail-
ability, on diet diversity, and also on body
composition and measurements of body
fat. The diagnosis of malnutrition cannot
be based on a single anthropometric mea-
sure (Lara-Pompa et al. 2020). It should
be noted that during the initial stages of
life body weight often increases rapidly
with notable upward crossings of several
centiles. This does not necessarily reflect
pathological weight gain and later risk of
obesity but may rather be part of a propor-
tionate increase of weight and height to
find the correct “growth channel” partic-
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ularly in children with low birth weight.
Therefore, looking at the broader picture
is more important rather than drawing
conclusions on limited number of anthro-
pometric measures.
Population specific growth charts are ap-
propriate instruments for screening and
diagnosing growth impairments which un-
der certain circumstances may also reflect
the nutritional status. However, this is not
easy and quite an ardent and costly task for
many developing countries (Sullivan et al.
1991). Population specific growth charts
have synthetically been developed in vari-
ous countries, e.g. for Romanian (Pascanu
et al. 2016) and Indonesian children (Pu-
lungan et al. 2018).

The effect of ethnicity on growth

assessment

A study done in 2009 in India involving 2 to
5 year old children from affluent families
showed mean SD scores for height, weight,
and weight-for-height of -0.75 (SD 1.1),
-0.59 (SD 1.1), and -0.26 (SD 1.18), respec-
tively according to WHO 2006 standards
(Khadilkar et al. 2010). Mean BMI for age
SD score was –0.19 (SD 1.22). Indonesian
children under 5 years have mean height
SDS of boys of -2.03 and of girls of -2.03
when referred to WHO standards (Novina
et al. 2020). This gives food for thought
whether growth of even the most afflu-
ent children can be assessed by growth
charts developed in other countries or
ethnic groups. Doing so can lead to over-
reporting of undernutrition and under-
reporting of over-nutrition and in conse-
quence to overtreatment of the undernour-
ished, whereas the metabolic problems of
the over-nourished get under-diagnosed
followed by delayed management. Mis-
matched growth charts with cut-off values

made for Western populations may well
have contributed to the increase in non-
communicable disease burden in South
Asia.
Growth charts should assist parents and
health care workers in guiding a child
to achieve optimum growth. Appropriate
growth references are needed as individual
healthmanagement and public health deci-
sions rely on them. Appropriate references
reflect height, weight, and body composi-
tion of a healthy local population and cut-
off values above and below the ‘healthy’
range that appropriately reflect the risks
for impaired performance, disease, mor-
bidity, and mortality. Anthropometry has
its place as a valuable screening tool. But
it is not a diagnostic tool for malnutrition.
Anthropometry needs to be assessed in
combination with many other factors. An-
thropometric charts need to be based on
the population distribution of the various
parameters of interest. Single parameters
do not always depict relevant information
on morbidity and may lead to serious mis-
classification of risk factors for the single
individual. This is especially true for chil-
dren classified as undernourished though
being active and healthy, and with good
school performance (Hermanussen 2015;
Scheffler et al. 2020).

Body composition as a proxy for

nutritional status and health

Body composition is an important factor
that is associated with morbidity (Wickra-
masinghe et al. 2017a). Commonly used
parameters for addressing body composi-
tion are height, weight, weight-for-height
(under 5 years of age), and BMI (over 5
years of age).
Body composition of South Asian popula-
tions differs from other ethnic groups of



V. Wickramasinghe • Growth and body composition of Sri Lankan children • HBPH 2022 Vol. 3 • pp. 1–13 7

the world, independent of where they live.
This is also true for migrants. The BMI for
a given fat mass of South Asian children
from Coventry, UK, is lower than the BMI
of white children with the same body fat
mass (Eyre et al. 2017). Sri Lankan children
have a higher body fat content compared
to theirWestern counterparts living in Aus-
tralia for any given BMI SD score (Wickra-
masinghe 2011). Sri Lankan children living
in their native country have significantly
higher fat mass compared to Australian
children of Sri Lankan (migrant) and Eu-
ropean origin (Figure 1). Further studies
showed that the differences in body compo-
sition between white Europeans and South
Asian adults are apparent from early in-
fancy (Deurenberg et al. 1998; Nightingale
et al. 2011; Nightingale et al. 2013). The
data suggest that not only genetics, but
also the socio-economic state affect body
composition andmight explain the low effi-
cacy of currently used anthropometric cut-
off values for Sri Lankan children (Wick-
ramasinghe et al. 2009). The differences
in body composition showed that ethnic-
ity specific body composition prediction
equations are needed (Hussain et al. 2014;
Nightingale et al. 2013; Wickramasinghe
et al. 2005a). TheUKCHASE study showed
that UK South Asian children are more
obese whereas African Caribbeans are less
obese than white Europeans (Nightingale
et al. 2011). The body fat content is not well
represented by the BMI and stresses that
BMI cut-off points need to be ethnicity spe-
cific (Eyre et al. 2017). The manifestation
of obesity may be of genetic origin (Stan-
field et al. 2012) or due to social-economic-
political-emotional (SEPE) factors (Bogin
et al. 2022; Wickramasinghe et al. 2009).
Current BMI cut-off values of 5- to 15-
year old children have poor sensitivity for
diagnosing obesity in Australian children
of Sri Lankan (migrants) and European
origin (Wickramasinghe et al. 2005b), as
well as native Sri Lankan children (Wickra-

masinghe et al. 2008). Hattori chart-based
analyses of the fat mass distribution of Sri
Lankan children shows that the increase
in fat mass is out of proportion to the in-
crease in fat free mass (Wickramasinghe
2012). When Sri Lankan children grow,
they increase the fat mass more than the
fat free mass. Current BMI cut-off values
under-estimate excess fat mass and under-
diagnose obesity in Sri Lankan children.
Western studies have shown that the non-
communicable disease risk varies between
a fat percentage of 20–25% in boys and
25–32% in girls (Dwyer and Blizzard 1996;
Lohman 1989;Williams et al. 1992). For Sri
Lankan children based on the risk of de-
veloping metabolic syndrome, percentage
fat mass was defined to be 28.6% for boys
and 33.8% for girls (Wickramasinghe et al.
2017a). Recent considerations on statistical
artefacts when assessing BMI z-scores in
short and tall child populations of various
age emphasize that the prevalence of thin-
ness, overweight and obesity depends on
height and age and is particularly affected
in the short populations (Hermanussen
et al. 2022). Particularly abdominal fat is
an influential risk factor for obesity related
metabolic derangements. Waist circumfer-
ence appears to be a suitable measure to
identify abdominal obesity and is used by
the International Diabetes Federation as
an absolute criterion in the diagnosis of
the metabolic syndrome at all ages (Alberti
et al. 2006; Zimmet et al. 2007). Age, sex
and ethnic specific cut-off values for waist
circumference are provided by IDF in the
diagnosis of metabolic syndrome (Interna-
tional Diabetes Federation 2007). Standard-
ized waist to hip circumferences and waist
circumference to height ratios were also
explored. The waist to hip circumference
ratio did not show good associations with
metabolic derangements in Sri Lankan
children (Silva et al. 2006), whereas the
waist circumference to height ratio showed
good correlations (Wickramasinghe et al.
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Figure 1 Effect of ethnicity and socioeconomic status on body fat mass of Australian and Sri Lankan children

2017b). Cut-off values of 0.5 and 0.45 ap-
pear to detect the metabolic syndrome,
respectively at least twometabolic derange-
ments, with high sensitivity and specificity
(Wickramasinghe et al. 2017b). Therefore,
BMI and the waist circumference to height
ratio can be used as an appropriate screen-
ing tool in public health settings, although
assessments of body composition would
further improve the evaluation of the nu-
tritional status.

The assessment of growth in Sri

Lankan children

Growth monitoring has been an integral
part of maternal and child health pro-
grams of Sri Lanka. Up to 5 years of age,
growth parameters are usually monitored
either at Medical Officer of Health (MOH)
clinics or at mobile weighing posts. The
practice is to measure weight every month
till the completion of 2 years and at three-
monthly intervals thereafter until 5 years
of age. During the first year of life, it is



V. Wickramasinghe • Growth and body composition of Sri Lankan children • HBPH 2022 Vol. 3 • pp. 1–13 9

recommended to measure length at 4 and
9 months – that is the time of the routine
immunization – and at half annual inter-
vals thereafter. Usually, growth during the
first year of life is regularly monitored
parallel with visiting the primary health
care facility for routine child vaccination.
Mobile weighing posts in the community
have additionally increased the compli-
ance for growth monitoring, with trained
volunteers assisting the public health mid-
wives and inviting parents to bring their
children on a routine schedule. Weight-for-
length/height is plotted at six-monthly in-
tervals. Attention should be paid to centile
crossings of weight-for-length/height, not
to overlook under- and overweight/obesity.
Growth monitoring in Sri Lanka identi-
fied many children with growth faltering
at an early age, particularly infants be-
tween 4 and 6 months, and allowed for
complimentary feeding already before 6
months of age. Growth monitoring makes
even parents aware of growth deviations
and let them seek medical advice. Yet, it
should be stressed that currently recom-
mended cut-off levels of less than -2SD for
height-, weight- and BMI-for-age are statis-
tical definitions and may not be mistaken
as relevant indicators of malnutrition in
the child population of Sri Lanka. The
distributions of height, weight and BMI
of healthy Sri Lankan children show a
shift to the left when compared withWHO
standards. Wickramasinghe and Sama-
ranayake (2016) showed in 5- to 15-year-
old healthy children that these parame-
ters ranged between -3SD and +1SD. Thus,
applying WHO standards often leads to
false estimates when defining stunting,
thinness, and obesity in these children and
highlights the necessity for local growth
references.
We advise to measure weight of school
children at least once in 3 months and
height at least once in 6 months. Formal
programs occur at school medical inspec-

tions at grades 1 (5 years of age), 4 (8 years
of age) and 7 (11 years of age). The primary
and secondary school curriculum enforces
growth monitoring. Children above the
age of 10 years (secondary school) are
empowered to monitor height, weight,
and BMI and to have these data plotted
and interpreted on relevant growth charts.
Secondary school children are also em-
powered to correctly measure their waist
circumference as an indicator of abdomi-
nal obesity. This has eliminated the need
for calculating the BMI. A waist circumfer-
ence-to-height ratio of <0.5 is considered
normal.

Local standards are necessary

The Indian Academy of Paediatrics up-
dated its national growth charts in 2021
based on new representative growth data
from the whole of India (Khadikar et al.
2021). Growth of Asian children differs
from that of children of European origin
(El-Mouzan et al. 2007; Khadikar et al.
2021; Novina et al. 2020; Zong and Li 2013).
Also Sri Lankan children need to have their
own growth charts or at least validate the
new Indian growth charts for the assessing
growth in 5–18-year old children from Sri
Lanka.
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