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Abstract

Background: Reference charts are widely used in healthcare as a screening tool. This study aimed to produce reference
growth charts for school children from West Malaysiain comparison with the United States Centers for Disease Control
and Prevention (CDC) chart.

Methods: A total of 14,360 school children ranging from 7 to 17 years old from six states in West Maaysia were
collected. A two-stage stratified random sampling technique was used to recruit the subjects. Curves were adjusted
using Cole' s LM S method. The LOWESS method was used to smooth the data.

Results: The means and standard deviations for height and weight for both genders are presented. The results showed
good agreement with growth patterns in other countries, i.e., males tend to be taller and heavier than females for most
age groups. Height and weight of females reached a plateau at 17 years of age; however, males were till growing at this
age. The growth charts for West Malaysian school children were compared with the CDC 2000 growth charts for school
children in the United States.

Conclusion: The height and weight for maes and femaes at the start of school-going ages were almost similar. The
comparison between the growth charts from this study and the CDC 2000 growth charts indicated that the growth
patterns of West Malaysian school children have improved, athough the height and weight of American school children
were higher than those for West Malaysian school children.

Keywords: Centile curves, LMS method, LOWESS method, Growth charts, Malaysia.

Introduction

Human growth is influenced by both genetic and
environmental factors (1). Environmental factors
affecting human growth such as infectious dis-
ease and dietary intake are of particular impor-
tance in developing areas of the world (2).
Growth rates vary according to gender and age;
however, they tend to follow certain standard
patterns. Regular assessment of growth in child-
ren is important for monitoring their health.

Monitoring growth is an important task for
health care providers to identify health or nutri-
tion-related problems (3). In addition, screening
for children to identify those who deviate from
norma growth in a hedthy population is an
essential prerequisite prior to clinical investiga-
tion. Growth references are the most valuable
and commonly-used parameters in evauating
the well-being of an individual. Anthropometric
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data such as body height and weight, and the
associated indicators, such as height-for-age,
weight-for-age and height-for-weight, can be
used to detect and prevent growth-related dis-
€ases.

Reference centile curves are widely used in
healthcare as a screening tool. These reference
values are useful in providing insight as to
whether physiological needs for growth and
development are met. The centile curves identify
subjects that display values of particular
measurements which lie in one or the other
gpectrum of the reference distribution (4). For
example, the individual at the 90" percentile for
height is taller than 90% of his or her age-
matched peers.

The pattern of growth in any age of a population
changes with time; therefore, it is recommended
that references should be updated regularly (5).
For optimal monitoring purposes, recent refer-
ence growth data based on representative sam-
ples from the population are essential (1).
International growth charts allow comparison
between countries, but regional or nationa refer-
ences are more useful in assessing local changes
in nutritiona status (6). Earlier studies on
weight and height curves for Maaysian school
children were published by Chen and Dugdale
(7) in 1970. However, their data were collected
from a small group of about 1,259 school child-
ren from the Kuala Lumpur and Petaling Jaya
areas of the state of Selangor and not representa
tive of the whole Maaysian population. Moreo-
ver, the study was conducted 40 years ago and
secular changes must have occurred in child-
ren’s growth pattern since then.

The purpose of development of the CDC 2000
growth charts (8), which was an improved ver-
sion of the original NCHS 1977 growth charts,
was to provide better estimation of size and
growth by using more comprehensive nationa
survey data and improved statistical smoothing
procedures. These charts presently serve as a
reference to evaluate physical size and growth
for the majority of the pediatric population.
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In the present study, the authors attempted to
produce standard growth curves for school
children from West Malaysia and to assess how
well our children match with, or diverge from,
the CDC 2000 growth charts. It is hoped that the
growth curves would be useful for hedthcare
providers to monitor trends in growth, evauate
the impact of nutritional interventions indirectly
in early childhood and to define the extent and
severity of abnormal growth.

M aterials and Methods

Data Sampling

For the purposes of data collection, West Malay-
siawas divided into two major regions, the East
Coast and the West Coast. Six states were se-
lected from the total of eleven states in West
Malaysia. The East Coast states are Kelantan,
Pahang and Terengganu while the West Coast
states are Penang, Perak and Selangor.

Data were obtained from a cross-sectional sam-
ple of 14,360 school children (6,737 maes and
7,623 femaes) from primary and secondary
schools (Table 1). Data collection took approx-
imately three months (March until May 2009)
and it was carried out on the days when the stu-
dents' attendance rate was high. Data collection
was avoided on the days when the schools had
events and examinations to maximize students’
participation (9).

Since there were limited national survey data
available, a proper mathematical equation could
not be used to determine the sample size. As
such, a two-stage stratified random sampling
technique was used for the recruitment of sub-
jects. Due to high costs and time constraints,
only 1% of schools from the total number of
schools in the West and East Coast regions of
West Malaysia were selected in the first stage of
sampling, consisting of both primary and
secondary schools in rura and urban areas. In
the second stage of sampling, two classes were
chosen from each grade using simple random
sampling without replacement. This was done
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after discussion with the respective school
principals based on class schedules and the
schools' administrative duties. This step is
necessary to minimize interruption of the teach-
ing and learning processes in the schools. Lastly,
the cluster sampling technique was opted, with
al (healthy) students from the selected classes
participating.

The height and weight measurements for pri-
mary and secondary school students were re-
ported in the survey forms made available to the
schools. These measurements had been obtained
by trained physica education teachers during
physical fitness examination which was done
twice yearly in accordance with the Nationa
Physical Fitness Standards for Maaysian School
Students (NPFSMSS) program. This program
was made compulsory by the Ministry of Educa-
tion Malaysia since 2008. Only anthropometric
measurements for healthy school children were
included in this study since unhealthy students
were not allowed to attend the physica educa
tion classes. An officia circular as well as a
handbook for this program were subsequently
published (10). This programme is being conti-
nuously monitored by the School Superintendent
from the School Inspectorate and Quality Assur-
ance Division, Ministry of Education Malaysia
to ensure that proper anthropometric and fitness
examinations were carried out.

Standard  equipment  for  anthropometric
measurements was checked and calibrated at the
beginning and end of each examining day for
proper functioning and accuracy. For weight
measurement, the portable HD 313 digita
weight scade (Tanita, Jgpan) and Seca 813
weighing machine (Seca, Germany) with self-
zeroing function after each measurement, were
used. Students were asked to remove shoes,
heavy outer clothing (such as jacket, belt) and
items in their pocket before the measurement.
Students were also asked to stand in the centre
of the platform to ensure that the weight is
distributed evenly to both feet. For height mea
surement, the portable Harpenden stadiometer
(Holtain Ltd, UK) and Seca 217 stadiometer
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(Seca, Germany) were used. Students were
asked to stand upright with their heads lifted
(Frankfort horizontal plane) and hedls placed
together. Both weight and height were measured
to the nearest 0.1 kg and 0.1 cm, respectively.
M easurements were made once with the teacher
measuring the students and class representative
recording the readings.

Each secondary school student was required to
fill in the survey forms with their own height
and weight. For lower primary school students,
the survey forms were completed by their
respective teachers with the available records.
This was done to reduce errors and incons sten-
cies. Socio-demographic information including
age, gender, race, geographic location (whether
they live in rural or urban areas), number of sibl-
ings and family monthly income was also col-
lected through the survey forms.

Age was recorded by calculating the difference
between the date of data collection and the date
of birth of the school children. The school child-
ren were divided into 22 age categories from 6.5
to 17.0 years old in increments of 0.5 years. The
school children were aso classified according to
gender.

The data were first pruned to remove extreme
values before statistica analysis and curve
sketching were carried out. Incomplete survey
forms and those which contained outliers were
excluded from the analysis since these may af-
fect the overdl curve modeling. Scatter plots
and box plots were used to locate the outliers or
unusual values and to identify possible trends of
the curves.

Statistical Analysis

The statistical packages used were SAS (Statis-
tical Anaysis System) Enterprise Guide (11)
and MINITAB (12). When data are derived
from cross-sectional surveys, raw nonparametric
centiles of height or weight distributions condi-
tional on age show irregular patterns (13).
Height follows a norma distribution; however,
weight distribution usually does not. Parametric
test was conducted because the weight data can
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be transformed even though it is non-normal. In
this study, reference curves were adjusted using
Cole's LMS method (14). This method summa:
rizes the changes in height and weight distribu-
tions by three curves representing the skewness
(L), median (M) and coefficient of variation (S).
A series of polynomial regression procedures
were gpplied to smooth the L, M and S curves.
For each function, the curve was sketched and
goodness-of-fit test was carried out on each set
of fitted data compared to the empirical ones.
The best-fitting function was the one with the
least error and non-significant p values. The
LMS method using maximum penalized likelih-
ood was used to perform model fitting of the
anthropometric centile for the physical parame-
ters (4). This method provided normalized
growth centile standards which simplified the
assessment (SD scores form), and deat with
skewness which may be present in the distribu-
tion of the measurements. The resulting LMS
curves contained information for drawing centile
curves and to convert measurements into exact
SD scores using the formula (15)

measursmentl Ty
Mit) )
L{£)50e)

5D

Where:

measurement is the height or weight values of
the subjects.

The centiles were estimated from the following
expression

[1]

score = {

1
(o =M[1+ 157, (2]

Where:

L isthe value of the parameter A of the Box-Cox
transformation;

M isthe median of the original data;

S is the coefficient of variation of the origind;
data Z, isthe a centile of the normal distribution.
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Generalized means (which adjusted the data to-
wards the median values) were first computed in
order to plot both height and weight curves for
each age group. The LOWESS or “locally
weighted scatter plot smoothing” method which
uses locally weighted linear regresson was then
used to smooth the data.

Results

Figure 1 and 2 shows the smoothed centile
curves for height and weight of male and female
school children, respectively, according to their
crude percentiles (3rd, 10th, 25th, 50th, 75th,
90th and 97th). The number of femae school
children who participated in the study was more
than that of male in West Malaysia.

Table 2 and 3 show the LM S and crude percen-
tile values for height and weight of female and
male school children.

Generalized mean heights and weights were
compared for each different age group. As ex-
pected, males were taller and heavier than fe-
males for most of the age groups. The height
and weight differed considerably especidly as
they entered adolescence (above 13 years old).
At 11 and 12-year-old, females were taller (me-
dian value 141.80cm versus 139.52cm for 11-
year-old and 148.19cm versus 146.29cm for 12-
year-old) and heavier (median vaue 34.42kg
versus 34.28kg for 11-year-old and 39.59kg ver-
sus 39.04kg for 12-year-old) than malesin the
50th percentile. For females, height and weight
values stabilized when they reached 15.5 and 16
years old, respectively. On the other hand, the
height of maes was still increasing after 17
years of age.

The height and weight centile plots for both
genders obtained in this study and the Centre for
Disease Control and Prevention (CDC 2000) (8)
growth charts are shown in Fig. 3 and 4. The
median centile curves of CDC 2000 showed that
the mae and female school children in The
United States were taller and heavier than those
in West Maaysia
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Fig. 1(a): The percentile plots for height of West Maaysian male school children
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Fig. 1(b): The percentile plots for weight of West Malaysian male school children
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Fig. 2(b): The percentile plots for weight of West Maaysian female school children
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Table 1: Number of schools and school children selected from each state by gender

Number of Number of school children Total number of school
States schools Male Female children
Kdantan 10 1355 1448 2803
Terengganu 10 1284 1427 2711
Pahang 10 974 1052 2026
Perak 9 1310 1193 2503
Penang 10 757 1425 2182
Selangor 8 1057 1078 2135
Totd 57 6737 7623 14360
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Table2: TheLMS values and height percentiles for both male and female school children

Percentiles
Age Gender L M S P3 P10 P25 P50 P75 P90 P97
65 M 351 11784 0059 10736 11024 11356 117.84 12295 12857 13545
F 266 11753 0048 10837 11100 11393 11753 12159 12573 13037
70 M 157 11956 0047 11003 11285 11591 11956 12352 12740 13154
F 343 11877 0045 11026 11268 11539 11877 12264 12666 13126
75 M 566 12195 0053 11265 11511 11803 12195 12694 13293 14137
F 503 12236 0049 11364 11596 11870 12236 12698 13247 14003
80 M 533 12269 0051 11360 11604 11891 12270 12740 13286 14013
F 621 12175 0048 11338 11561 11824 12175 12620 13148 13881
85 M 474 12870 0051 11892 12158 12467 12870 13361 13916 14623
F 360 12901 0054 11836 12132 12469 12901 13411 13962 14626
90 M 475 12917 0053 11902 12176 12496 12917 13434 14025 147.93
F 354 12906 0054 11838 12135 12474 12906 13416 13967 14626
95 M 629 13313 0056 12287 12553 12873 13313 13893 14630 157.81
F 444 13382 0054 12305 12598 12938 13382 13925 14537 153.19
100 M 534 13440 0062 12270 12575 12940 13440 14096 14919 16165
F 466 13481 0059 12335 12641 13002 13481 14082 14785 157.32
105 M -390 14052 0062 12768 13115 13521 14052 14705 15448 16404
F 407 13960 0063 12680 13024 13427 13960 14621 15384 16385
110 M 469 13952 0055 12819 13124 13481 13952 14536 15208 16091
F 223 14180 0059 12839 13221 13649 14180 14785 15408 161.14
115 M 335 14445 0060 13135 13496 13912 14445 15080 15775 166.20
F 055 14642 0058 13080 13569 14073 14642 15221 15751 162.82
120 M 123 14629 0065 13065 13522 14023 14629 15297 15961 16681
F 154 14819 0055 13233 13749 14262 14819 15366 15850 163.19
125 M 021 15066 0067 13257 13813 14297 15066 15759 16406 170.63
F 041 15102 0059 13476 13982 14507 15102 15712 16274 16840
130 M 163 15276 0069 13216 13893 14559 15276 15972 16584 17173
F 278 15215 0054 13504 14089 14642 15215 15751 16209 16638
135 M 012 15559 0074 13563 14166 14808 15559 16353 17108 17891
F 121 15332 0052 13812 14300 14791 15332 15868 16349 16820
140 M 196 15837 0067 13698 14412 15104 15837 16539 17149 177.30
F 092 15360 0052 13854 14332 14819 15360 15903 16394 168.78
145 M 030 16014 0066 14113 14700 15313 16014 16737 17408 180.88
F 038 15492 0045 14203 14606 15022 15492 15971 16411 16851
150 M 121 16310 0060 14462 15055 15652 16309 16960 17542 181.12
F 020 15546 0046 14270 14663 15074 15546 16037 16495 16961
155 M 243 16613 0055 14747 15377 15980 16613 17213 17730 182.18
F 051 15763 0041 14567 14943 15329 157.63 16203 16605 170.05
160 M 338 16746 0053 14812 15492 16115 16746 17324 17809 18258
F 116 15791 0042 14536 14938 15343 15791 16237 16637 17030
165 M 026 16875 0051 15316 15800 16304 16875 17461 18003 18549
F 086 15737 0041 14604 14948 15313 15737 16184 16607 17045
170 M 178 16835 0052 15117 15680 16236 16835 17419 17932 18427
F 135 15708 0041 14601 14934 15289 15708 16154 16583 17033
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Table 3: The LM S values and weight percentiles for both male and female school children

Percentiles
Age  Gender L M S P3 P10 P25 P50 P75 P90 P97
65 M 123 2029 0194 1501 1633 1797 2029 2339 2730 3293
F 167 1962 0164 1530 1639 1773 1962 2216 2540 3024
70 M 097 2107 0188 1555 1697 1870 2107 2412 2772 3247
F 146 2006 0161 1561 1675 1813 2006 2257 2564  29.90
75 M 214 2265 0183 1750 1873 2030 2265 2614 3137 4225
F 170 2276 0191 1720 1855 2026 2276 2631 3120 3955
80 M 192 2263 0173 1759 1882 2038 2263 2582 3019 3765
F 217 2240 0165 1767 1883 2028 2240 2544 2974 3754
85 M 222 2831 0172 2220 2367 2554 2831 3236 3829 4999
F 225 2782 0160 2211 2350 2526 2782 3148 3663 4578
90 M 189 2859 0177 2207 2367 2567 2859 3274 3849 4841
F 192 2814 0156 2230 2376 2558 2814 3165 3622 4332
95 M 320 3093 0132 2576 2701 2860 3093 3435 3949 5083
F 350 3051 0125 2572 2688 2835 3051 3370 3855 4983
100 M 316 3091 0135 2565 2692 2853 3091 3441 3971 5166
F 203 3069 0134 2541 2670 2833 3069 3400 3897 4851
105 M 233 3439 0162 2732 2003 3120 3439 3900 4566 5847
F 205 3356 0146 2700 2865 3069 3356 3744 4246 5018
110 M 225 3428 0159 2727 2898 3114 3428 3876 4505 5642
F 245 3442 0156 2759 2925 3135 3442 3885 4526 5761
115 M 179 3877 0191 2940 3166 3454 3877 4487 5348 6884
F 189 3793 0170 2956 3162 3421 3793 4314 5019 6184
120 M 1175 3904 0192 2950 3180 3473 3904 4521 5387 6914
F 146 3959 0194 2057 3204 3514 3959 4576 5388 6655
125 M 205 4179 0184 3217 3447 3742 4179 4822 5770 7645
F 189 4157 0160 3276 3496 3769 4157 4690 5387 6483
130 M 165 4275 0188 3238 3492 3811 4275 4926 5807 7255
F 240 4161 0181 3246 3461 3740 4161 4805 5833 8399
135 M 164 4517 0197 3384 3658 4007 4517 5246 6256  79.88
F 228 4289 0150 3448 3656 3915 4289 4813 5529 6752
140 M 164 4619 0190 3487 3764 4112 4619 5332 6301 7905
F 221 4338 0151 3478 3691 3957 4338 4870 5590 67.96
145 M 136 5076 0217 3660 4009 4442 5076 5974 7199 9207
F 214 4681 0146 3770 3998 4280 4681 5227 5945 7079
150 M 140 5143 0186 3870 4188 4583 5143 5900 6866 8297
F 222 4714 0144 3812 4038 4317 4714 5259 5978 7131
155 M 126 5419 0194 4011 4362 4800 5419 6253 7307 8843
F 199 4881 0137 3966 4200 4485 4881 5404 6055 6998
160 M 155 5423 0176 4138 4458 4856 5423 6195 7193  87.07
F 233 4928 0153 3953 4192 4493 4928 5546 6408 7945
165 M 179 5556 0176 4286 4599 4991 5556 6347 7411 9154
F 278 4982 0135 4111 4326 4594 4982 5532 6306 7735
170 M 172 5639 0177 4334 4656 5059 5639 6443 7515 9233
F 335 4934 0120 4171 4358 4593 4934 5422 6125 7516
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Discussion

Female school children reach puberty earlier
than male school children. However, the growth
for females slows down after the age of adoles-
cence. The percentile plots for height and weight
of West Malaysia female school children
reached the plateau at 15.5 and 16 years old re-
gpectively. In terms of weights, the gap between
the 3rd and 97th percentiles of both genders for
the West Maaysia school children charts were

wider, suggesting greater variability for this trait.

From the centile plots, it appears that the weight
distribution tends to be skewed for both genders.
For the height parameter, the CDC 2000 median
centile curves were superior to those obtained
for males and females from West Malaysia. This
is expected as it is known that Asians are gener-
aly shorter than Americans of the same age
groups. However, for the 97th centile, male
West Malaysian school children were taler at
the start of school-age. This could be due to
secular changes in growth that might have oc-

curred in the last decade as suggested by So et 4.

(16). The data in the present study were col-
lected in 2009 while the CDC reference charts
used data from 2000. Female centile curves
show that American girls were slightly taler
than female school children from West Malaysia
by a few centimeters for most of the percentiles
(Fig. 4(a)). Despite this, the growth patterns of
West Malaysian school children have improved
due to the improvement in nutrition, heathcare
and other factors. This must have been caused
by rapid economic and industrial developments
and better living standard of Malaysians in the
last decade (17).

For the weight parameter, the 97th percentile for
West Malaysian male school children show that
they were significantly heavier than those pre-
sented in the CDC 2000 curves. In fact, loca
school children were heavier than children from
the United States for several age groups, notably
8.5, 9.5 and 11.5 years old for males and 8.5
years old for females. When the median values
for both sexes were compared, locad school
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children reached their peak weights later than
the children from the United States. The range
between the weight centiles showed great varia-
tion, especially during adolescence. The present
increase in consumption of fast food among
school children must have sgnificantly influ-
enced their weight. Saturated and trans- fats
inherent in fast food contain higher calorific
values which increase energy intake and thus
increase the risk of obesity (18). The general
tendency for males to weigh heavier than fe-
males is similar to the growth patterns found in
other countries (8, 19).

In this study, the height and weight for males
and females at the start of school-going ages
were almost similar. However, the differences
between them became considerably bigger as
they grew older. Males tend to be taler and
heavier than females. The comparison between
the growth charts from this study and the CDC
2000 growth charts indicated that the growth
patterns of West Malaysian school children have
improved, although their heights and weights,
on average, were still lower than those of school
children from the United States.

It is hoped that this study will provide an impe-
tus for further research in an effort to obtain a
national growth standard for Malaysia. The
growth chart would be revised periodically as
necessary in response to changes in environmen-
tal factors, nutritiona state and living conditions.
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