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Abstract

Background: There are no national reference charts in Iran for children aged under five. This study aimed to
develop representative growth reference charts of height, weight, and BMI for children aged 2-5 years in Isfahan,
Iran, and to compare them with the WHO reference curves.

Results: This population-based study has a combination of longitudinal and cross-sectional design. It included 1325
and 761 healthy children, who were born between 2002 and 2015 in Isfahan, central Iran, in longitudinal and cross-
sectional phases. Expert health care providers measured the height and weight of children in health centers. The
lambda-mu-sigma method was used to construct the age- and sex-specific growth charts of anthropometric
measures. The study sample comprised 1029 boys and 1057 girls. The centiles of height, weight, and BMI of boys
were higher than that of girls in all age groups. The weight patterns of studied children were close to those of the
WHO references in the lower percentiles. However, our study children, especially girls, were lighter compared with
WHO standards based on the middle and upper percentiles of the weight distribution. Compared with WHO
standards, boys of our study were taller especially at older ages. The percentiles of the BMI for our study samples

were considerably lower than WHO standards.

constructing nationwide growth charts.

Conclusion: There are differences between our local growth charts for weight, height, and BMI with WHO
standards. The local growth standards could be more precise for assessing growth problems in local and national
settings. Due to notable differences between our results with WHO standards, future studies are warranted for
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Background

Growth is a sensitive indicator of the health of infants
and children. Growth assessment plays a pivotal role in
child health monitoring. Growth failure, nutritional dis-
orders, chronic illness, and social deprivation can be
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detected early through growth monitoring [1, 2]. Growth
charts in the form of curves or tables allow the visual
inspection of anthropometric parameters and are widely
used to evaluate the growth and health status of children
and adolescents. They play an essential role in the detec-
tion and assessment of abnormalities in growth and
development [1, 3, 4].

Although international growth charts for anthropo-
metric indices exist such as Centers for Disease Control
and Prevention (CDC) Growth Charts and the World
Health Organization (WHO) Child Growth Standards
(WHO-CGS), national and local continent growth charts
are unavailable in many countries. Although some
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countries had their own growth curves or have adopted
the WHO growth charts, few countries did not adopt
them, and some countries such as the USA partially
adopted the new growth standards for age under 2 years;
in some instance, the European Society for Pediatric
Gastroenterology, Hepatology and Nutrition Committee
on Nutrition directly recommends that the WHO refer-
ence charts should be adopted for 0—5-year-old children
in Europe [5-7]. However, it should be noted that the
World Health Organization (WHO) growth standards
for children aged 0-5years were established by data
from six countries (USA, Norway, Brazil, Ghana, India,
and Oman) with sampling from children living under
the optimal environment for growth such as breastfed,
nonsmoking mother, and adequate access to healthcare
[8-11]. Despite of the CDC and WHO growth reference
charts are commonly used in some countries, their ap-
plicability is challenging due to the diversity in cultural,
economic, social, and environmental factors such as diet
and health care services and genetic background, all
influence the growth of people. Accordingly, growth
assessment in children can be improved by considering
all the abovementioned influential factors through estab-
lishing the local and national growth references [9-11].
Therefore, many countries, such as Norway, the UK,
China, Taiwan, Saudi Arabia, and Japan, had established
their own growth references [3].

There are no national reference charts in Iran for chil-
dren aged under five; although, in recent years some
local growth charts have been developed in Iran [12—
17], they did not evaluate and construct the reference
charts for all common anthropometric indices and ma-
jority of them focused only on one measure or specific
age group such as newborns and, more importantly, lack
on considering the reliable protocol for evaluating the
reference chart for children under 5years particularly
tracking the growth from 24 to 60 months. Here, we de-
veloped growth references charts for all three anthropo-
metric measures, i.e., height-for-age, weight-for-age, and
BMI-for-age based on a large sample representative local
data for children living in Isfahan, the biggest city
located in the center and the third biggest city of Iran,
aged 2-5years and compared these references with
those reported by WHO.

Methods

This population-based study has a combination of longi-
tudinal and cross-sectional design. In total, this study
was conducted on 2086 healthy children (1029 boys and
1057 girls) who were born between 2002 and 2015 in
Isfahan city, central Iran. Isfahan is the third largest city
of Iran with a population of 2,250,000 based on the last
census in 2017. The current study samples were selected
from urban health centers of Isfahan through stratified
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by gender and multistage cluster sampling, among chil-
dren who had medical records in the centers. Isfahan
city has 2 main health centers, ie., the Isfahan focal
health centers I and II that cover the whole city. We
adopted the WHO protocol for selecting our study sam-
ple from 2 main clusters and local health centers that
were supervised [6, 18]. Local health centers under the
supervision of 2 local health centers are located in differ-
ent geographic regions of Isfahan city. Isfahan health
center I covers 23 health centers, and Isfahan health
center II covers 22 health centers. We selected randomly
15 local health centers as the second-stage cluster based
on considering the geographic coverage of the city for
getting a representative sample. In each selected local
health center, we provided a list of children that fulfilled
the WHO criteria for constructing reference charts, and
finally, we selected our proposed sample based on a sys-
tematic random sampling from prepared lists. In accord-
ance with the WHOQ’s instructions [6, 18], the inclusion
criteria were as follows: Iranian citizenship, absence of
significant morbidity or disease, lack of known health or
environmental constraints to growth, appropriate socio-
economic status of the family, single and full-term birth,
no maternal smoking before and after delivery, exclusive
or predominant breastfeeding for at least 4 months,
introduction of complementary foods by the age of 4-6
months, and continued partial breastfeeding up to at
least 12 months. Then, according to a prepared list in
each center, the longitudinal part of the study was
conducted among children who had complete data on
anthropometric measures in their medical charts and
fully followed up from birth to 60 months in the health
centers. Totally, 1325 healthy children who were born
between 2002 and 2015 were identified and fulfilled our
inclusion criteria, and their anthropometric measure-
ments (at least 2 measurements) were recorded from
medical records. For these children, data from 24 to 60
months were used for statistical analysis. For providing a
sufficient sample size in order to have stable and precise
estimates at the percentiles according to WHO recom-
mendation for growth chart building, we conducted a
cross-sectional study too, on 761 children aged 24—-60
months from September 1 to November 10, 2015, and
measured their weight and height. For conducting a
cross-sectional study, a random telephone survey was
done and contacted households who had medical charts
in health centers, explained the purposes of the study,
then invited them to participate in our study. Those par-
ents who agreed to participate in the study were invited
to measure the anthropometric measurements of their
children by professional health staff in the health cen-
ters. All parents received enough information about the
study and also provided written informed consent. The
confidentiality of all obtained information was
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administered carefully by two reliable experts in each
health center and also researchers of the study in each
component of the study. The design of the current study
was approved by the Ethics Committee of our University
(Project Number: 193121).

Anthropometric measurements

Anthropometric measures (length/height and weight) of
children were measured by trained health staff by using
calibrated instruments under standard protocols in each
component of the study [6, 18]. The children’s height in
centimeters was measured in a supine position before
walking and then in a standing position without shoes
by using a tape meter with a precision of 0.1 cm. Chil-
dren’s weight in kilograms was measured with a preci-
sion of 10g on an electronic scale that was placed on
flat ground, and participants were motionless and wear-
ing light clothing. In the cross-sectional component,
measurements were taken by two professional health
staff in order to increase accuracy. Body mass index
(BMI) was calculated as weight in kilograms (kg) divided
by height in meters squared (m?).

Statistical analysis
We used the lambda-mu-sigma (LMS) method to de-
velop new growth references for both boys and girls
from 24 to 60 months. We supposed that data could
be corrected for skewness by using an appropriate
power transformation (L), and the distribution was
summarized by the median (M) and generalized co-
efficient of variation (S). The LMS method is used to
model the data, smooth the parameters (L, M, and S),
and then estimate the smoothed percentiles from the
model parameters [6, 18, 19]. The model parameters
were estimated based on the method of maximum pe-
nalized likelihood. Percentiles for all the anthropo-
metric measures were estimated from those values
applying the following formula [19]:

P=M[1+LSZIVE, L =0

where the L, M, and S are the values from the appro-
priate table corresponding to the age in months of the
child. Z is the z-score that corresponds to the percentile.
z-scores correspond exactly to the percentiles, e.g., z-
scores of —1.881, -1.645, -1.282, -0.674, 0, 0.674,
1.036, 1.282, 1.645, and 1.881 correspond to the 3rd, 5th,
10th, 25th, 50th, 75th, 85th, 90th, 95th, and 97 percen-
tiles, respectively [19]. The goodness of fit of all models
was assessed using the worm plot and Q test [6, 18, 19].
We have estimated the 3rd, 5th, 15th, 50th, 85th, 90th,
95th, and 97th percentiles for height-for-age, weight-for-
age, and BMI-for-age. Data analysis was performed using
the LMS Chart Maker Light, version 2.54.
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Results
About 50.67% of the total studied children were girls
and 63% of them were the first child of their family;
64.5% of fathers and 73.3% of mothers had a college
education. About 37% of mothers were employed. Deliv-
ery by cesarean section was estimated to be 76.2%. The
mean (SD) age of mothers and fathers was 33.25 (6.73)
and 38.01 (5.24) years, respectively. The mean (SD) ges-
tational age of the Isfahan children was 38.38 (1.40)
weeks. More details about the characteristics of the
children and their parents are presented in Table 1.
Figures 1, 2, and 3 present the growth reference charts
of Isfahan children aged 25 years at the 3rd, 5th, 15th,
50th, 85th, 90th, 95th, and 97th percentiles for height-
for-age, weight-for-age, and BMI-for-age for both girls
and boys and the WHO growth standards counterparts.
Tables 2, 3 and 4 present the percentiles for height-for-
age, weight-for-age, and BMI-for-age for both girls and
boys from 24 to 60 months.

Height-for-age

The median height at birth, 30, 36, 42, 48, 54, and 60
months was 87.02, 90.90, 95.85, 99.66, 103.77, 106.77,
and 110.52 cm, respectively, for girls while for boys was
87.95, 91.99, 96.52, 100.42, 104.51, 107.96, and 111.48
cm. Boys were taller than girls of the same age in all
percentiles (Table 2).

Figure 1 compares the percentiles (P3, P15, P50, P85,
and P97) of the Isfahan child growth references for
height by age for girls and boys and the WHO growth
standards. Differences in the percentiles of height be-
tween the Isfahan references and the WHO standards
tended to increase with age for boys. Similar differences
were observed for girls in the middle and upper percen-
tiles. Compared with WHO standards, Isfahan boys were
taller especially at older ages. Approximately, all percen-
tile values of the height distribution were bigger than the
WHO standards except the 3rd percentile, and the dif-
ferences between the two growth references were about
2 cm, especially at older ages. As depicted in Fig. 1, the
differences between the 3rd and 97th percentiles for
height increased with increasing age in both girls and
boys in both growth references.

Weight-for-age

Median weight at birth, 30, 36, 42, 48, 54, and 60 months
was 11.34, 12.3, 13.29, 14.31, 15.47, 16.35, and 17.48 kg,
respectively, for girls while for boys was 11.97, 12.94,
13.89, 14.94, 15.98, 17.29, and 18.19 kg (Table 3). Both
the girls’ and boys’ weight increased with age, and as it
was expected, boys were heavier than girls of the same
age in over the all percentiles, with differences ranging
from 0.1 to nearly 1 kg.
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Table 1 Characteristics of studied participants

Characteristics Percentage or mean

(SD)

Delivery route

Natural 23.8%
Caesarean 76.2%
Birth order
1 63%
2 32.2%
>3 4.9%
Father's education
Under diploma 2.7%
Diploma 32.8%
University graduate 64.5%
Mother's education
Under diploma 2.2%
Diploma 24.4%
University graduate 734%
Father's employment
Private business 36.9%
Worker 1.5%
Administrative employee 44.3%
Master in university 3.7%
Other occupations 13.6%
Mother's employment
Housekeeper 63%
Private business 3%
Administrative employee 22%
Master in university 3.7%
Other occupations 8.3%
Number of mother’s deliveries
1 47.3%
2 44.8%
>3 7.9%
Father's age (years) 37.0 (5.24)
Mother’s age (years) 33.24 (6.73)
Father's age at the birthdate of the child 3340 (5.09)
(years)
Mother’s age at the birthdate of the child 28.84 (4.21)
(years)
Mother's height (cm) 161.75 (5.68)
Mother's weight (kg) 64.51 (10.20)

As shown in Fig. 2, the weight patterns of Isfahan chil-
dren were close to those of the WHO references in the
lower percentiles. However, compared with WHO stan-
dards, Isfahan children especially girls were lighter based
on the middle and upper percentiles of the weight
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distribution. Differences between the two growth refer-
ences in the middle and upper percentiles were about 1
kg, especially at 50 months of age and older. Similar to
those we observed for height, the differences between
the 3rd and 97th percentiles for weight increased with
age in both girls and boys in each of the two growth
references.

BMI-for-age

Median BMI at birth, 30, 36, 42, 48, 54, and 60 months
was 15.04, 14.94, 14.55, 14.54, 14.50, 14.50, and 14.39
kg/m?, respectively, for girls while for boys was 15.48,
15.29, 14.89, 14.85, 14.67, 14.83, and 14.65 kg/m2 (Table
4). Boys had higher BMIs than girls of the same age in
each group, with differences ranging from 0.1 to nearly
0.44 kg/m>.

Figure 3 compares the percentiles (P3, P15, P50, P85,
and P97) of the Isfahan child growth references for BMI
by age for girls and boys and the WHO growth stan-
dards. Compared with the WHO standards (Fig. 3),
Isfahan references exhibited lower BMI values across all
age groups, with the exception of Isfahan boys at 55 to
58 months. Differences between the two growth refer-
ences ranged from 0.2 to nearly 0.91 kg/m>.

Discussion

We developed growth reference charts for height-,
weight-, and BMI-for-age based on a representative sam-
ple of children aged 2-5 years who were born in Isfahan
city, central Iran. According to our findings, the height,
weight, and BMI percentile values for boys were higher
than those for girls in all age groups. Compared with the
WHO standards, Isfahan children had similar patterns of
weight growth in the lower percentiles, but were lighter
based on the middle and upper percentiles of the weight
distribution. In addition, Isfahan boys were taller espe-
cially at older ages compared with WHO standards. The
percentiles of the BMI distribution were considerably
lower than those of WHO standards across all age
groups. We adopted WHO guidelines for constructing
the growth reference charts [6, 18]; consequently, the
prevalence rate of low birth weight (<2500 g) was 5.5%
for Isfahan children.

The patterns of Isfahan children’s weight growth
showed similarity with those of the WHO standards only
in the lower percentiles. However, the middle and upper
percentiles of the weight distribution of Isfahan children
especially girls were below the WHO standard curves. In
line with our study, in Payande et al.’s study, the weight
growth curves of Iranian children were below the WHO
curves for children after 2 years [20].

Isfahan girls demonstrated patterns of height growth
similar to those of the WHO standards in the middle
and lower percentiles. However, compared with WHO
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standards, Isfahan boys were taller especially at older
ages. Different previous studies in different countries
found that growth charts differed from the WHO
growth standards with regard to the height of children.
For example, the results from WHO sample children
were taller than the CDC and Japanese child population,
and it is expected to obtain higher prevalence stunting
(<=2 SD) of if WHO references are used; however, in
the population of China, Poland, and Germany, the cut-
off value for depicting stunting were higher than those
reported values by WHO, resulting in the underestimate
of stunting prevalence in these nations when WHO ref-
erences are applied [21-24]. According to the observed
difference between our study results in terms of height-
for-age and the higher centiles of our study than corre-
sponding WHO, it is expected to have underestimates of
stunting for our local population by applying WHO
references. Such differences in various studies have been
attributed to variations in the inclusion criteria for
included children, ethnicity, and sample sizes, environ-
mental and nutritional factors have caused the diver-
gence in growth patterns.

BMI growth curves demonstrated by Isfahan children
did not follow the WHO standards. Hosseini et al. con-
ducted a survey among 3301 children aged 2-18years

old between 1990 and 1991 in order to provide stan-
dardized percentile curves of BMI for Iranian children
[25]. Their reference had some weak points including
they measured the age based on years not on months, so
a child aged 2 years and 1 day was considered such as a
child aged 2 years and 11 months, and children resident
in Tehran cannot represent the children of Iran. How-
ever, in line with our findings, the major differences
were observed between Iranian and the US BMI charts
in their study [25].

These findings showed that the WHO standards are
high for identification of the growth and nutritional sta-
tus of an Iranian child relative to its compatriots. Studies
in other countries have achieved similar results in terms
of the need for local child growth references [2, 4, 26—
29]; for example, Al-Mazrou et al’s study showed that
the median weights and heights of Saudi boys and girls
(0-5years old) were more than those of Harvard stan-
dards [26]. Findings regarding the difference between
our references and WHO standards in terms of these in-
dices suggest that the prevalence of growth deficiency in
this local population will be higher if assessed by the
WHO standards. Therefore, these results reflect the im-
precision and inapplicability of the international refer-
ences such as WHO and CDC reference and support the
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Fig. 2 Weight percentiles (P3, P15, P50, P85, and P97) by age for girls and boys ages 2-5 years who were born in Isfahan compared to the WHO
growth standards
.

Fig. 3 BMI percentiles (P3, P15, P50, P85, and P97) by age for girls and boys ages 2-5 years who were born in Isfahan compared to the WHO
growth standards
.
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Table 2 Percentiles of height (cm)-for-age for girls and boys, age in months

Age Girls Boys

(months) 3™ st 1sth  soth  85th  90th  95th  97th  3rd  Sth 15th  50th  85th  90th  95th  97th
24 7985 8073 8303 8702 9113 9212 9359 9456 8146 8222 8425 8795 9197 9297 9449 9551
25 80.39 8128 8361 8764 9178 9277 9425 9522 8209 8286 8490 8862 9266 9367 9521 96.23
26 8092 8183 8419 8827 9243 9342 9491 9588 8271 8349 8554 8928 9335 9437 9591 9694
27 8146 8238 8477 8889 9307 9407 9556 9653 8333 8411 86.18 8995 9404 9507 9662 9766
28 8202 8295 8536 8952 9372 9472 9621 9718 8394 8473 8681 90.61 9473 9576 9733 9837
29 8261 8355 8599 90.18 9440 9540 9689 9786 8457 8535 8746 9128 9544 9647 9805 99.10
30 8326 84.21 8668 9090 9514 9614 9763 9860 8522 8601 88.14 9199 9618 9723 9882 99.88
31 8398 8495 8745 9170 9596 9697 9846 9943 8592 8672 8886 9275 9699 9805 9965 100.72
32 8475 8573 8826 9256 9684 9785 9935 10032 8663 8745 8961 9354 9782 9889 10052 101.60
33 8554 8653 8909 9343 9773 9875 10025 10122 8734 8816 9035 9432 9865 99.72 10137 10246
34 86.29 8731 8990 9428 9861 9963 101.13 10210 8802 8885 9105 9506 9943 10052 102.18 103.28
35 8701 8804 9067 9509 9944 10047 10197 10295 8868 8952 9174 9579 100.19 10129 10296 104.08
36 8768 8372 9138 9585 10023 101.25 10277 10375 8935 9020 9244 9652 10096 10207 10375 104.88
37 8828 8934 9204 9654 10095 10198 10350 10448 9005 9090 9316 9727 101.74 10286 10456 105.69
38 8884 8991 9264 9719 10163 10266 10419 10517 9075 9160 9388 9801 10251 10364 10535 10649
39 8936 9045 9322 9781 10227 10331 10484 10582 9140 9225 9454 9870 10322 10435 10607 107.22
40 89.87 9097 9377 9841 10290 10394 10547 10646 9197 9283 9513 9930 10384 10497 10670 107.85
41 9038 9150 9434 9902 10354 10458 106.12 10710 9250 9337 9567 9985 10441 10554 10727 10842
42 9090 9204 9492 9966 10421 10526 10680 10779 9304 9391 9622 10042 10498 106.12 10785 109.01
43 9146 9262 9555 10035 10494 10600 10754 10854 9363 9450 9682 10103 10561 10676 10850 109.65
44 9202 9321 9619 101.06 10570 10676 10832 10932 9426 9514 9746 10170 10630 10745 10919 11035
45 9259 9380 9684 10178 10646 10753 10910 11011 9492 9580 9814 10240 10702 10817 10993 111.09
46 93.15 9438 9747 10247 10720 10828 10986 11087 9560 9649 9884 103.11 10776 10892 11068 111.85
47 9370 9495 9808 103.14 10790 10899 11057 11158 9628 9717 9953 10383 10850 10966 11143 11261
48 9424 9551 9868 10377 10855 10963 11122 11223 9693 9782 10020 10451 10920 11037 11215 11333
49 9478 9606 9925 10436 10913 11022 11180 11281 9753 9843 10082 10515 10985 111.02 11281 113.99
50 9531 9659 9979 10490 10965 11073 11230 11331 9810 9900 10140 10574 11046 11163 11342 11461
51 95.81 9710 10030 10539 11012 11119 11275 11374 9865 9955 10195 10631 111.04 11221 11401 11520
52 9628 9757 100.77 10585 11055 11161 11315 11414 9918 10008 10249 10686 11160 11278 11457 11577
53 96.74 9803 10123 10629 11096 11202 11355 11452 9970 10061 103.02 10740 11216 11334 11514 11634
54 9720 9850 101.70 106.77 11142 11247 11399 11496 10023 101.14 10356 10796 11272 11391 11572 11692
55 9769 9899 10222 10730 11195 11299 11451 11547 100.76 10168 10411 10852 11331 11450 11631 11752
56 9820 9952 10277 10788 11254 11359 11511 11607 10131 10223 10467 109.10 11391 11511 11693 11814
57 9872 10006 10335 10851 11319 11424 11576 11673 10186 10278 10524 10969 11452 11573 11756 11877
58 99.24 10061 10395 109.16 11388 11494 11646 11743 10241 10334 10581 11028 11514 11635 11819 11942
59 99.76  101.16 10456 10984 11460 11566 11719 11817 10296 10389 10638 11088 11577 11698 11884 120.07
60 10028 101.71 10517 11052 11532 11639 11794 11892 10351 10445 10695 11148 11639 11762 11948 120.72

need for local child growth references, in order to better
monitor the growth and development of children in
Isfahan and consequently in Iran. However, further re-
search is necessary to investigate the weight and BMI
growth trajectories of Iranian children and the determi-

nants of said trajectories.

It is important to recognize some strengths as well as

the potential limitations of the present study. This
survey can be considered as the first study using a large
sample of healthy child construct growth references for
all anthropometric measures (weight, height, and BMI)
for children aged 2-5 years prospectively in the largest
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Table 3 Percentiles of weight (kg)-for-age for girls and boys, age in months

Page 8 of 11

Age Girls Boys

(months) 3™ sth 1sth  s0th  esth 9oth  95th  97th  3d  5th 15th  s0th 8sth 90th  95th  97th
24 931 952 1001 1134 1298 1345 1422 1478 989 1011 1073 1197 1351 1393 1461 1508
25 941 962 1022 1146 131 1357 1435 1491 1001 1023 1085 121 1365 1408 1475 1523
26 952 973 1033 1158 1324 1371 1449 1505 1013 1035 1098 1224 138 1423 1491 1539
27 964 985 1046 1173 1339 1387 1465 1521 1026 1048 1112 1239 1397 144 1509 1557
28 978 10 1062 119 1358 1406 1485 1541 104 1063 1127 1256 1416 146 153 1579
29 994 1016 1079 1209 138 1428 1508 1565 1055 1078 1144 1275 1437 1482 1553 1602
30 1011 1033 1097 123 1403 1452 1533 1591 107 1094 1161 1294 146 1505 1578 1628
3] 1028 1051 1116 1251 1428 1478 156 1619 1086 111 1178 1314 1483 1529 1603 1655
32 1044 1068 1135 1272 1452 1503 1587 1647 11 1124 1194 1332 1505 1552 1628 1681
33 1058 1082 115 1291 1474 1526 1612 1673 1111 1137 1207 1348 1525 1573 165 1704
34 1069 1094 1163 1306 1493 1546 1633 1695 1121 1146 1218 1361 1541 159 1669 1724
35 1078 1103 1173 1318 1508 1562 1651 1714 1129 1155 1228 1374 1556 1606 1686 1743
36 1085 1101 1182 1329 1523 1578 1668 1732 114 1166 124 1389 1575 1626 1707 1765
37 1092 1118 119 134 1537 1593 1685 1751 1154 1181 1256 1408 1598 1651 1734 1793
38 n 126 12 1353 1553 1611 1704 1771 117 1197 1275 143 1625 1678 1764 1825
39 M1 1137 1212 1368 1572 163 1726 1794 1185 1213 1292 1451 165 1705 1793 1855
40 1124 1151 1227 1386 1595 1654 1751 1821 1198 1227 1307 1468 1672 1728 1817 188
41 1139 1167 1245 1407 162 1681 178 1852 1208 1237 1318 1482 1689 1746 1837 1901
42 1157 1185 1265 1431 1648 171 1812 1885 1216 1245 1327 1494 1703 1761 1854 1919
43 1176 1204 1286 1455 1678 1741 1845 1919 1221 1251 1334 1503 1715 1774 1868 1934
44 1194 1223 1307 1479 1707 1771 1877 1953 1228 1258 1342 1513 1728 1788 1884 1951
45 121 124 1325 1501 1733 1798 1906 1983 1238 1269 1354 1528 1747 1807 1905 1973
46 1223 1254 134 1519 1754 1821 193 2008 1254 1285 1372 1549 1773 1834 1934 2003
47 1234 1265 1353 1534 1772 184 1951 203 1273 1305 1394 1574 1802 1865 1967 2038
48 1244 1275 1364 1547 1788 1857 1969 2049 1292 1324 1415 1598 1831 1895 1999 2072
49 1253 1285 1375 156 1804 1873 1986 2067 1307 134 1432 1619 1855 1921 2026 21

50 1263 1295 1386 1574 182 1889 2003 2084 132 1354 1447 1637 1877 1943 205  21.26
51 1273 1305 1397 1587 1836 1906 2021 2103 1335 1368 1463 1656 19 1968 2076  21.53
52 1283 1316 1409 1602 1853 1925 2041 2124 1351 1386 1483 1679 1928 1997 2107 2185
53 1204 1328 1422 1618 1873 1945 2063 2147 137 1405 1504 1704 1958 2028 2141 2221
54 1307 134 1437 1635 1894 1968 2087 2173 1388 1424 1525 1729 1988 206 2176 2257
55 132 1354 1452 1654 1918 1993 2115 2202 1405 1441 1544 1752 2017 209 2208 2292
56 1333 1368 1468 1674 1944 202 2145 2234 1419 1456 156 1772 2042 2117 2238 2323
57 1346 1382 1483 1694 1969 2047 2175 2266 143 1468 1573 1789 2063 214 2263 235
58 1357 1394 1498 1712 1994 2074 2204 2297 1437 1476 1583 1801 208 2158 2283 2371
59 1368 1405 1511 173 2018 21 2233 2328 1443 1481 159 1811 2094 2173 23 239
60 1378 1416 1524 1748 2042 2126 2262 2359 1446 1485 1595 1819 2106 2186 2315 2406

city of Iran as a representative of center Iran population.
We followed the standards and reliable international
protocols; the suggested large sample size with 400 to
500 observations in each age-gender group allows the
calculation of stable and precise estimates at the percen-
tiles [30]. Most of the previous studies in Iran were

based on a low sample size or they did not consider all
the three anthropometric measures, simultaneously. We
constructed the references for children aged 24-60
months based on WHO’s inclusion criteria; therefore,
the Isfahan references and WHO standards were com-
pletely comparable. The LMS methodology used in this
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Table 4 Percentiles of BMI (kg/m?)-for-age for girls and boys, age in months
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Age Girls Boys

(months) 3™ sth 1sth  s0th  esth 9oth  95th  97th  3d  5th 15th  s0th 8sth 90th  95th  97th
24 1293 1316 1379 1504 1657 1698 1764 1809 1334 1357 1422 1548 1701 1742 1806 1851
25 1293 1306 1379 1502 1654 1695 1760 1805 1331 1354 1418 1544 1696 1736 1801 1845
26 1203 1315 1378 1501 1651 1692 1756 1800 1328 1351 1415 1540 1691 1732 1796 1840
27 1293 1315 1377 1500 1649 1689 1752 1797 1326 1349 1413 1537 1688 1728 1792 1836
28 1203 1315 1377 1498 1647 1686 1750 1793 1324 1347 1411 1535 1685 1725 1789 1833
29 1202 1314 1376 1497 1644 1684 1747 1790 1322 1345 1409 1533 1683 1723 1786 1830
30 1200 1312 1373 1494 1641 1680 1743 1786 1319 1342 1405 1529 1679 1719 1782 1826
3] 1286 1308 1369 1489 1636 1675 1738 1781 1313 1336 1400 1523 1672 1712 1775 1819
32 1280 1302 1363 1483 1629 1669 1731 1774 1306 1329 1392 1516 1665 1705 1768 1811
33 1273 1295 1356 1476 1622 1661 1724 1767 1299 1322 1385 1508 1657 1696 1759 1803
34 1266 1288 1349 1468 1614 1654 1716 1760 1292 1315 1378 1501 1649 1689 1752 1796
35 1258 1280 1341 1461 1607 1647 1709 1753 1286 1309 1372 1495 1643 1683 1746 1790
36 1252 1274 1335 1455 1602 1641 1704 1748 1281 1304 1367 1489 1638 1678 1741 1785
37 1248 1270 1331 1451 1599 1638 1701 1745 1277 1300 1363 1486 1635 1675 1738 1782
38 1245 1267 1329 1450 1597 1638 1701 1745 1275 1298 1360 1483 1632 1672 1736 1780
39 1244 1266 1328 1449 1598 1639 1703 1747 1274 1297 1360 1483 1632 1672 1736 1779
40 1244 1266 1328 1451 1601 1641 1706 1751 1275 1298 1360 1484 1633 1673 1737 1781
41 1245 1267 1329 1452 1604 1645 1710 1756 1276 1299 1362 1485 1635 1675 1739 17.83
42 1245 1268 1330 1454 1607 1649 1715 1761 1276 1299 1362 1485 1635 1676 1739 1784
43 1245 1268 1331 1456 1610 1652 1719 1766 1274 1297 1360 1483 1633 1673 1737 1781
44 1244 1267 1330 1457 1612 1655 1722 1769 1270 1293 1356 1479 1629 1670 1733 1778
45 1242 1265 1329 1456 1613 1656 1724 1772 1266 1289 1352 1475 1625 1665 1729 1773
46 1240 1263 1327 1455 1613 1656 1725 1773 1263 1285 1348 1471 1621 1662 1725 1770
47 1237 1260 1324 1453 1612 1655 1725 1774 1259 1282 1345 1468 1619 1659 1723 1767
48 1233 1256 1321 1450 1610 1654 1724 1773 1257 1280 1343 1467 1617 1657 1722 1766
49 1229 1253 1318 1447 1608 1652 1722 1772 1256 1279 1342 1466 1617 1657 1722 1766
50 1227 1250 1315 1445 1606 1651 1721 1771 1256 1279 1342 1466 1618 1659 1724 1769
51 1225 1249 1314 1444 1606 1651 1722 1772 1257 1280 1344 1469 1622 1663 1728 1773
52 1225 1249 1314 1445 1609 1654 1725 1776 1260 1283 1347 1473 1627 1669 1735 1780
53 1227 1250 1316 1448 1613 1658 1730 1781 1263 1287 1351 1478 1634 1676 1742 1789
54 1228 1252 1318 1450 1616 1662 1735 1787 1266 1289 1354 1483 1640 1682 1749 1796
55 1228 1252 1318 1452 1619 1665 1739 1791 1266 1290 1355 1485 1643 1686 1755 1802
56 1227 1251 1318 1452 1621 1667 1742 1794 1265 1288 1354 1485 1645 1688 1757 1805
57 1224 1248 1316 1451 1621 1668 1743 1796 1261 1285 1351 1482 1644 1688 1758 1806
58 1220 1244 1312 1448 1619 1666 1742 1796 1255 1279 1346 1478 1641 1685 1755 1805
59 1215 1240 1307 1444 1616 1664 1740 1794 1248 1272 1339 1472 1636 1680 1751 1801
60 1210 1234 1302 1439 1613 1661 1738 1792 1240 1264 1331 1465 1630 1675 1747 1797

study is the most common method by the WHO and the
CDC and also other countries to construct children’s
growth references. Despite these strengths, the anthropo-
metric data in the longitudinal component of the current
study collected from the medical record of each child had
been measured by professional health staff in the health

centers. We included children only from Isfahan (in cen-
tral Iran); therefore, the representativeness of this sample
for all Iranian children is not known. On the other hand,
we included only the urban population in this study, so
our population will not be a true representativeness of the
whole population of Iranian children.
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Conclusion

This study developed Isfahan growth references to moni-
tor the growth of children between 2 and 5 years. These
growth references are the most recent and comprehen-
sive charts of the Isfahan population of children. The
weight and BMI growth patterns of Isfahan children
were different from those “prescribed” by WHO stan-
dards. These findings suggest that caution should be
taken when applying the WHO standards to Iranian
children. The accessibility of such reference charts
should help clinicians and healthcare providers in the
Isfahan to better monitor the children. Accordingly, we
recommend these growth reference charts to be used by
all health centers and hospitals of Isfahan city. Also, we
strongly encourage further similar studies in the Iranian
population to establish national growth reference charts.
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