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Background: In Mongolia, children’s growth monitored by WHO and CDC growth charts. The purpose of
the study was to compare the growth of UB school children with the WHO and CDC growth reference curves.

Methods: 8046 pupils aged 6-17 years old participated in the study. The subjects were sampled 4044 boys
and 4002 girls. Height and weight were measured with Physician Beam Scale. Growth references were generated

by the LMS method.

The centiles were compared to the WHO and CDC. The 3rd, 50th and 97th centiles were plotted along with

the corresponding values of WHO and CDC.

Results: In Mongolian children the overall height was below compared to both WHO and CDC references,

with the highest differences at 12-17 years, 14-17 years and 13-17 years of age at P3, P50 and P97 respectively.
Body weight in girls of UB city was slightly heavier compared to the WHO and CDC counterparts on the 3" and
50t centiles, but on the 97 centile the WHO and CDC counterparts became significantly heavier than Mongolian
girls, especially at the 12-17 years of age. Body weight in boys of UB city was lighter than the WHO and CDC
references at 12-17 years old age. In Mongolian children BMI was greater on the 3" centile. But on the 50" centile

the BMI of Mongolian boys became smaller at 14-17 years old compared to WHO and CDC references
Conclusion: The height, weight and BMI values of developed growth curves for Mongolian school children
differ compared to the WHO and CDC growth references, especially for schoolchildren aged 12 years and

upwards.
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BACKGROUND

Cole TJ describes a growth curve as “powerful
graphical tool, as it displays both the size of the child at
a series of ages, and at the same time their growth rate
or growth velocity over time, based on the slope of the
curve” [1]. Moreover, using it health professionals
monitor children’s physical development and assess the
nutritional status of children. Many countries have
established their own reference growth charts for
children and adolescents [2-5]. In Mongolia, growth
charts of the World Health Organisation (WHO), from
birth to 5 years [6] and also from 5 to 18 years [7] and
Centers for Disease Control and Prevention (CDC),
from birth to 20 years [8], are commonly used, based
on the recommendation of the Ministry of Health of
Mongolia (MoH). The WHO calculated a set of
normative curves from the Multicentre Growth
Reference Study (MGRS). Study participants came
from single cities in six countries such as Brazil, Ghana,
India, Norway, Oman and the USA whereas the CDC
growth charts were developed with data from five

national health examination surveys and limited
supplemental data.
Although  countries have been  strongly

encouraged to adopt WHO and CDC charts at a national

level, epidemiological and clinical consequences of
such adoption need to be evaluated. Differences have
already been described between the French references
and the WHO growth charts for children under 5 years
[9] but no information is available on whether the
growth of French children born in recent decades
conforms to the WHO growth charts, from birth to 18
years. As recently suggested by the Committee on
Nutrition of the European Society for Pediatric
Gastroenterology, Hepatology and Nutrition [10],
further studies are needed to determine whether the
WHO growth charts are appropriate for monitoring
growth, and whether they are more appropriate than
national reference curves. In Russian Federation due to
a diversity of climate and geographical areas,
nationalities and ethnic groups and a difference of
social and economic situation in the country regions
there is no national growth reference [11]. Therefore,
growth charts were developed for particular region and
compared to WHO growth charts and there were some
differences revealed [12].

In the USA, data sources, which were obtained
before the prevalence of obesity increased, were used
for the development of the growth charts to prevent
weight-for-age and BMI-for-age percentiles from
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shifting upward [8]. In the USA, several weight data
sets were excluded from the development of the 2000
CDC Growth Charts, which were collected when the
prevalence of obesity increased.

Analysis of height and weight in UB city
schoolchildren between 1962-2010 showed both
upward and downward changes. An upward change in
height and weight were during period of, and then in
2010-2015 downward change was observed in most
age groups [13]. Moreover, the fifth national survey on
nutrition of Mongolian population showed the
increasing number of overweight and obese children
and adolescents [14].

All these factors influenced to develop the
National growth references. Therefore, in the first
instant we developed growth references for
schoolchildren living in Ulaanbaatar city (UB city),
where more than third of the country population
resides. The purpose of the study was to compare the
growth of UB school children with the WHO and CDC
growth reference curves currently used.

SUBJECTS AND METHODS

The study is observational cross-sectional study,
which was carried out in state-owned schools from
Ulaanbaatar city, the capital of Mongolia, between
September 2014 and May 2018. All state schools in six
districts were mapped and 13 schools from each district
were randomly selected. 8046 pupils aged from 6 to 17
years old were invited to participate in the study. The
subjects were sampled 4044 boys and 4002 girls.

The informed consent was requested from the
children parents or legal guardians who were informed
about the objectives and methods prior to the study.
Research protocols approval was obtained from the
Ethics Committee of the Mongolian National
University of Medical Sciences.

Height and weight were measured with Physician
Beam Scale (Detecto 339 Balance Beam Scale with
Height Rod). Height was measured to the nearest 0.5
cm as each subject stood erect, barefooted with the head
held in Frankfort horizontal plane. Weight was
measured to the nearest 0.1 kg with light clothing and
barefooted.

Growth references were generated by the LMS
method [15]. This method assumes that the data an be
normalized by means of a power transformation, which
expands one tail of the distribution and shrinks the other
allowing to remove the skewness. The optimal power
of a Box-Cox transformation to obtain approximate
normality is calculated for each of a series of age
groups and the trend summarized by a smooth (L)
curve. Trends in the mean (M) and coefficient of
variation (S) are similarly smoothed. The resulting L,
M and S curves contain the information to draw any
centile curve, and to convert measurements into exact
SD scores. The first step of data processing was to
remove outliers performing scatter and box plots. The
resulting distributions included the mean = 4 SD. After
that, weight and height centiles were estimated on a
sample of 4044 boys and 4002 girls. LmsChartMaker
Light was used to develop the growth curves [16]. The
centiles were compared to the WHO2007 and
CDC2000 [2]. The 3rd, 50th and 97th centiles were
plotted along with the corresponding values of WHO
and CDC references. The extent of smoothing required
was expressed in terms of smoothing parameters, which
were selected taking into account the minimal
penalized deviance, keeping the order M4S4L.

RESULTS

In total, 8046 pupils aged from 6 to 17 years old
were invited to participate in the study. The subjects
were sampled 4044 (50.3%) boys and 4002 (49.7%)
girls and their mean age was 11.0£3.5 and 11.943.5
years respectively. Boys were significantly heavier
than girls except from 6-11 years of age. They were also
taller between 6-10 years old and from 12 onwards. At
seven years old, differences between sexes averaged
7.3 kg and 12.9 cm.

The extent of smoothing required was expressed
in terms of smoothing parameters or equivalent degrees
of freedom edf, which were selected taking into account
the minimal penalized deviance, keeping the order
M<S<L.

In Tables 1, 2, and 3 are presented height, weight
and BMI percentiles and LMS values for 6-17 year old
school children of UB city.

Table 1.

Body height (cm) percentiles and LMS values by sex and age in 6-17 year old schoolchildren of UB city

Ag | | M s | ray | P@) | PE) P(15 | P(25 | P(50 | P(75 | P(85 | P(95 | P(97 | P(99
e ) ) ) ) ) ) ) )

Boys

g | 1:27 [ 11608 | 0.04 | 104. | 106. | 107. | 110. | 112. | 116. | 120. | 122. | 126. | 127. | 131.
2 8 8 5 6 7 6 5 1 0 2 2 8 0

7 0.96 | 121.27 | 0.04 | 108. | 111. | 112. | 115. | 117. | 121. | 125. | 127. | 131. | 133. | 136.
8 5 9 8 0 2 4 4 3 4 8 9 6 9

8 0.69 | 126.61 | 0.05 | 113. | 115. | 116. | 120. | 122. | 126. | 131. | 133. | 137. | 139. | 143.
3 3 0 2 5 8 3 4 6 0 5 9 6 0

9 0.44 | 131.87 | 0.05 | 117. | 120. | 121. | 125. | 127. | 131. | 136. | 139. | 143. | 145. | 149.
7 5 1 5 0 4 2 4 9 5 1 7 5 0

10 0.16 | 136.86 | 0.05 | 121. | 124. | 125. | 129. | 132. | 136. | 141. | 144. | 149. | 151. | 154.
3 2 1 5 3 8 7 2 9 7 4 1 0 6

1 0.20 | 142.09 | 0.05 | 125. | 128. | 130. | 134. | 137. | 142. | 147. | 150. | 154. | 156. | 160.
4 1 2 6 7 3 6 2 1 2 0 7 6 2
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12 0.65 | 147.84 | 0.05 | 130. | 133. | 135. | 139. | 142. | 147. | 153. | 156. | 160. | 162. | 166.
9 9 2 2 5 3 9 6 8 1 0 8 7 3
13 1.18 | 153.94 | 0.05 | 135. | 138. | 140. | 145. | 148. | 153. | 159. | 162. | 167. | 168. | 172.
2 0 2 0 7 6 6 5 9 3 2 1 9 4
14 1.77 | 159.79 | 0.05 | 139. | 143. | 145. | 151. | 154. | 159. | 165. | 168. | 172. | 174. | 178.
6 0 1 8 8 9 1 2 8 2 1 8 6 0
15 2.44 | 164.86 | 0.04 | 144. | 148. | 150. | 156. | 159. | 164. | 170. | 173. | 177. | 179. | 182.
9 5 9 0 3 5 1 2 9 2 0 6 3 5
16 3.18 | 168.89 | 0.04 | 147. | 152. | 154. | 160. | 163. | 168. | 174. | 176. | 181. | 182. | 185.
9 7 7 4 1 4 1 3 9 1 8 1 7 7
17 3.96 | 172.45 | 0.04 | 150. | 155. | 157. | 163. | 166. | 172. | 177. | 180. | 184. | 185. | 188.
1 1 5 6 5 9 8 9 5 5 0 1 5 3
Girls
6 1.76 | 115.27 | 0.04 | 103. | 105. | 106. | 109. | 111. | 115. | 119. | 121. | 125. | 127. | 131
5 3 9 9 8 9 8 6 3 3 6 8 5 0
7 0.91 | 120.79 | 0.04 | 108. | 110. | 111. | 114. | 116. | 120. | 125. | 127. | 131. | 133. | 136.
6 2 9 3 5 7 9 9 8 0 3 4 1 4
8 0.06 | 126.27 | 0.04 | 112. | 115. | 116. | 119. | 122. | 126. | 130. | 133. | 137. | 138. | 141.
0 9 9 5 0 4 9 1 3 6 0 1 7 8
9 0.78 | 131.80 | 0.04 | 116. | 119. | 121. | 125. | 127. | 131. | 136. | 138. | 142. | 144. | 147.
4 3 9 7 6 1 0 4 8 2 6 7 3 3
10 1.55 | 137.27 | 0.04 | 120. | 124. | 125. | 130. | 132. | 137. | 141. | 144. | 148. | 149. | 152.
2 8 9 9 1 8 1 6 3 8 2 2 8 6
11 2.13 | 142.94 | 0.04 | 125. | 129. | 130. | 135. | 138. | 142. | 147. | 150. | 153. | 155. | 158.
5 9 8 5 1 9 5 2 9 6 0 9 5 3
12 2.44 | 148.69 | 0.04 | 130. | 134. | 136. | 141. | 143. | 148. | 153. | 155. | 159. | 161. | 163.
1 3 7 8 5 4 1 8 7 3 7 7 2 9
13 2.51 | 153.64 | 0.04 | 135. | 139. | 141. | 146. | 148. | 153. | 158. | 160. | 164. | 166. | 168.
3 7 5 9 6 5 2 8 6 2 6 5 0 7
14 247 | 157.20 | 0.04 | 140. | 143. | 145. | 150. | 152. | 157. | 161. | 164. | 167. | 169. | 171.
6 0 3 1 6 4 0 5 2 7 0 8 2 9
15 2.46 | 159.14 | 0.04 | 142. | 146. | 147. | 152. | 154. | 159. | 163. | 165. | 169. | 170. | 173.
2 4 0 9 2 9 2 7 1 4 7 3 7 3
16 2.57 | 159.71 | 0.03 | 144. | 147. | 149. | 153. | 155. | 159. | 163. | 165. | 169. | 170. | 173.
2 7 8 3 5 1 2 5 7 8 9 3 6 1
17 2.77 | 159.63 | 0.03 | 145. | 148. | 149. | 153. | 155. | 159. | 163. | 165. | 168. | 169. | 172.
5 9 6 1 1 6 5 7 6 4 4 7 9 1
Table 2.
Body weight (kg) percentiles and LMS values by sex and age in 6-17 year old schoolchildren of UB city
Ag L M s P(L | P3| P(5 | P15 | P25 | P(50 | P(75 | P(85 | P(95 | P(97 | P(99
e ) 1) 1) ) ) ) ) ) ) ) )
Boys
- 22.09 16. | 17. | 17.
6 1,298 1 0.148 5 4 9 19.2 | 201 | 221 | 246 | 26.2 | 29.6 | 31.2 | 348
- 24.25 17. | 18. | 19.
7 1.209 5 0.159 9 8 3 209 | 219 | 243 | 272 | 29.2 | 33.2 | 35.2 | 39.6
- 26.74 19. | 20. | 21.
8 1128 5 0.170 3 3 0 228 | 24.0 | 26.7 | 30.2 | 32.6 | 37.4 | 39.8 | 45.2
- 29.57 20. | 22. | 22.
9 1.062 5 0.180 9 1 9 249 | 26.4 | 29.6 | 33.7 | 36.4 | 42.2 | 450 | 515
- 3241 22. | 23. | 24.
10 0.990 1 0.188 5 9 3 27.1 | 288 | 324 | 37.1 | 40.2 | 46.9 | 50.1 | 57.5
- 35.35 24. | 25. | 26.
11 0.890 0 0.193 5 8 7 29.4 | 31.3 | 35.3 | 40.6 | 441 | 51.3 | 54.8 | 62.7
- 38.85 26. | 28. | 29.
12 0.760 5 0.195 3 1 5 32.2 | 343 | 389 | 446 | 484 | 56.1 | 59.7 | 67.8
- 43.00 28. | 30. | 32.
13 0.604 8 0.195 3 9 1 35.6 | 37.9 | 43.0 | 49.3 | 53.3 | 614 | 65.0 | 73.0
- 47.58 31. | 34. | 35.
14 0.428 7 0.192 6 0 4 39.3 | 419 | 476 | 54.4 | 58.6 | 66.9 | 70.5 | 78.2
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15 | goas | o |0290 | 35| %1 3% 432 | 462 | 523 | 596 | 64.0 | 724 | 760 | 834
16 | goso | o | 086 | 3 [ 1 21 472 | 505 | 572 | 649 | 69.4 | 77.9 | 815 | 887
17 | 050 | %% o84 | 0 [ S| | 513 | 549 | 622 | 703 | 751 | 836 | 87.1 | 941

Girls
6 | 1ogs| 0 |01 | | 1015 0 | 212 | 235 | 249 | 260 | 279 | 202 | 321
7 L ooan | a0 [oase | N | 1012 | 210 | 234 | 262 | 27.9 | 202 | 314 | 330 | 365
8 | oags | o> 0aee | B | B A 232 | 259 | 201 | 312 | 328 | 354 | 372 | 413
9 | gaao | 5 0are | 0| 2 | 25| 256 | 287 | 326 | 350 | 368 | 398 | 420 | 466
10 | gap | o2 | 0486 | 5 | %0 | %Y | 283 | 319 | 363 | 391 | 411 | 445 | 468 | 519
11 | g | 50 | 0489 | % | 2| 2| 314 | 356 | 405 | 435 | 458 | 493 | 519 | 571
12 | o007 | n> 0187 | 20| 20| % ) 352 | 399 | 453 | 485 | 509 | 547 | 574 | 628
13 | 1ag | 257 080 | 23| %% | 302 | 442 | 500 | 534 | 559 | 598 | 625 | 681
14 | 4134 489',09 0471 | % | 31 1 420 | 481 | 540 | 57.5 | 60.1 | 640 | 668 | 72.3
15 | g1go | o | 0160 | 335141459 | 511 | 570 | 605 | 630 | 67.0 | 697 | 751
16 | 001 | o | 000 3| D | | 482 | 532 | 590 | 623 | 648 | 686 | 712 | 765
17 | gm0 | Tl | OV D | 92147 | 500 | 549 | 604 | 636 | 659 | 696 | 721 | 771
Table 3.
BMI (kg/m?) percentiles and LMS values by sex and age in 6-17 year old schoolchildren of UB city
AS] | | m | s |PA[PEPG][PUS[PE5PED| P75 | P85 | PE5 | P(7 | P9
e ) ) ) ) ) ) ) ) ) ) )
Boys

6 | qaas| 0|03 || Y a6 | 151 | 164 | 179 | 189 | 210 | 220 | 24.2
7 | ga | SO0 | Y a6 | 152 | 165 | 181 | 192 | 215 | 226 | 251
8 | yoog | ol | 0S| | B  1a7 | 153 | 167 | 184 | 196 | 221 | 233 | 261
9 | ooy | RO B | 1as | 155 | 169 | 188 | 200 | 227 | 240 | 271
10 | oo | VOV | M 50 | 157 | 172 | 192 | 204 | 232 | 246 | 278
11 | 4 483 17547 0'1746 1;" 193' 1;1' 152 | 159 | 175 | 19.4 | 20.7 | 235 | 24.9 | 28.0
12 | | 201 17679 0'?5 1;" e 1;" 155 | 162 | 17.8 | 19.8 | 21.1 | 238 | 25.1 | 28.1
13 | g | 201 OV I8 M 50 | 16 | 182 | 202 | 205 | 241 | 254 | 282
14 | 569 18569 0'1839 13' 13 ' 1,?' 16.4 | 17.1 | 18.7 | 20.7 | 21.9 | 245 | 25.7 | 28.4
15 | oo | r | OB | 169 | 176 | 193 | 213 | 225 | 251 | 263 | 288
16 | 1o | oo |0 | | Y [ 175 | 183 | 200 | 220 | 233 | 258 | 270 | 295
17 | Loa | o |00 [ 2| Y[ 183 | 190 | 208 | 229 | 242 | 268 | 279 | 304
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Girls
6 | 1729 15é90 0'1817 15' 113' 12' 14.2 | 147 | 159 | 17.3 | 182 | 19.9 | 206 | 22.2
7 | 1103 16é02 0'1226 15' 15' 1§" 14.2 | 148 | 16.0 | 175 | 185 | 203 | 21.1 | 22.9
8 | 097 1654 0'1134 15' 15' 1§" 143 | 149 | 162 | 17.9 | 18.9 | 20.8 | 21.7 | 23.6
9 | 0853 16158 O'?O 15 ' 113 ' 12' 145 | 151 | 16,6 | 18.3 | 19.4 | 21.5 | 22.4 | 24.3
10 | 726 17601 0'1545 15' 13?' 1§' 14.7 | 155 | 17.0 | 18.8 | 20.0 | 22.1 | 23.1 | 25.1
11 | sgs 17é49 0'1148 15' 153' 1{;" 15.1 | 15.9 | 175 | 19.4 | 205 | 22.8 | 23.7 | 25.7
12 | 4 485 18210 0'1148 1;’ ' 193 ' 12' 15.6 | 16.4 | 18.1 | 20.1 | 21.2 | 235 | 24.4 | 26.4
13 | 5420 18680 0'1146 1;" 1;‘ ' 13' 16.2 | 17.1 | 188 | 20.8 | 22.0 | 242 | 252 | 27.2
14 | g47a 19655 O'i“z 1;1' 125' 1?' 17.0 | 17.8 | 19.6 | 21.6 | 22.8 | 25.1 | 26.0 | 28.0
15 | 4601 20(')27 O'%37 115' 15" 1‘?' 17.7 | 185 | 203 | 22.3 | 235 | 259 | 26.9 | 28.9
16 | 5779 20186 0'232 185' 12' 117 1183 | 19.1 | 20.9 | 22.9 | 24.1 | 265 | 275 | 29.7
17 | 5967 219',39 0'%57 156 ' 127 ' 177 1189 | 19.7 | 21.4 | 234 | 24.6 | 27.0 | 28.1 | 30.3

Figure 1, 2 and 3 shows the 3", 50" and
97t centiles for height, body mass, BMI of Mongolian
schoolchildren against WHO and US counterparts.

Height

In height the edf parameters were LO1M06S04 in
both sexes. Table 1 presents the LMS values and
percentiles of height, respectively. Smoothed L values
were 0.96 in boys and 0.54 in girls. In Mongolian
children the overall height was below compared to both
WHO and CDC growth references, with the highest
differences at older age, 12-17 years, 14-17 years and
13-17 years of age at P3, P50 and P97 respectively.

Calculated height centiles in boys were lower than
those of the WHO and CDC references at all ages on
the 3 and 50" but in 97" centiles the height lowering

Boys, height

— Mongolia

Helght, em

Age, years

in Mongolian boys starts from the 13 years of age
(Figure 1). In boys such differences were greater
between 14-17 years old, reaching 6.2 cm and 6.8 cm
on the 3" centile, and 4.1 cm and 5.2 cm at P50 and 4.8
cm and 4.7 cm at 97 for the WHO and CDC references
respectively. In girls the greatest differences were seen
between 9-17 years old on the 3™ centile with highest
difference of 3.9 cm and 4.6 cm for the WHO and CDC
references respectively. On the 50" centile girls’ height
difference reached 3.3 cm (WHO) at 17 years and 3.7
cm (CDC) at 14 years old. On the 97" centile the
highest difference was in 17 years old girls reaching 5.5
cm for WHO reference. On average, Mongolian boys
and girls aged 17 measured 172.5 cm and 159.6 cm,
respectively.

Girls, height

—— Mongolia
W WHO
—=-coe

Helght, cm

Age, years

Figure 1. Comparison of the and sex-specific 3rd, 50th and 97th height centile curves for WHO, CDC and
present study among boys (left) and girls (right) aged 6-17 years
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Weight

The weight edf parameters were L03M06S04 and
L03MO05S04 in boys and girls, respectively. Smoothed
L values for weight varied between -1.29 and -0.05 in
boys and from -1.083 and -0.134 in girls (Table 2).
Overall, body weight in girls of UB city was slightly
heavier compared to the WHO and CDC counterparts
on the 3 and 50™ centiles, but on the 97" centile the
WHO and CDC counterparts became significantly
heavier than Mongolian girls, especially at the 12-17
years of age (p=0.003, p=0.04). The highest differences
on the 97" centile were 16 kg and 21.7 kg at the 17

Weight, girls

Meongolia

o e e WHO
- =-cne

Weight, kg

Age, years

years old for the WHO and CDC references
respectively (Figure 2). Overall, body weight in boys of
UB city was lighter than the WHO and CDC references
at 12-17 years old age reaching the difference of 14.3
kg (WHO) and 7.5 kg (CDC) at the age of 16 years on
the 97™ centile (p=0.022, p=0.09). On the 3" centile
Mongolian boys lighter at 14-17 years of age compared
to WHO reference reaching the lightest value of 1.4 kg
and at the age of 10-17 years compared to the CDC
counterparts with the lightest of 5.7 kg. The lightest
differences on the 50" centile were 4.2 kg for both
WHO and CDC counterparts at 12-17 years of age.

Weight, boys

Mongolia
WHO =
—=-cne B i

Welght, kg

Age, years

Figure 2. Comparison of the and sex-specific 3rd, 50th and 97th weight centile curves for WHO, CDC and
present study among boys (left) and girls (right) aged 6-17 years

BMI

Smoothed L values for BMI varied between -1.63
and -1.05 in boys and from -1.24 and -0.43 in girls
(Table 3). Overall, in Mongolian children BMI was
greater on the 3™ centile, the greatest differences were
2.8 kg/m?and 2.1 kg/m?for girls and 2.1 kg/m?and 1.8
kg/m? for boys (WHO and CDC respectively). But on
the 50" centile the BMI of Mongolian boys became
smaller at 14-17 years old compared to WHO and CDC
references (0.5 kg/m? and 0.7 kg/m? respectively) but

for girls the BMI became smaller at 11-14 years of age
(1.2 kg/m? and 0.9 kg/m?) and becoming greater again
at 15-17 years old (2.5 kg/m? and 2.3 kg/m?). The
striking differences were on the 97" centile. Mongolian
boys’ BMI were smaller at 12-17 years old and 7-17
years old against WHO and US counterparts
respectively. Whereas Mongolian girls’ BMI were
smaller at 11-17 years old and 8-17 years old compared
to their WHO and CDC references (Figure 3).
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BML, boys

— Mongolia

BML, kg/m?

Age. vears

BMLI, girls

Mengolia

BMI, kgim*

Figure 3. Comparison of the and sex-specific 3¢, 50" and 97" BMI centile curves for WHO, CDC and present
study among boys (left) and girls (right) aged 6-17 years

DISCUSSION

The aim of the present study was to develop age
and sex-specific anthropometric indices of normative
values for schoolchildren aged 6-17 years living in the
capital city of Mongolia and to compare specific centile
values from two widely applied estimation methods.
This study provides current information on normative
values of somatic growth for schoolchildren in UB city.
These values could be used as approximate indicative
values to compare anthropometric indices scores of
children from rural area of Mongolia, especially
nearing regions to the capital city. These data can also
be used as benchmark values for health screening and
surveillance of children and adolescents 6-18 years old
in Mongolia, especially after the new WHO Child
Growth Standard, growth assessment necessarily
became a subject of debate, particularly because of the
variability in growth patterns across populations and
the lack of local standards in many countries [17].

In our study height values were below against
WHO and CDC values, especially starting from the age
of 12 years in both sexes. It could be due to heritage
issues. Study on role of genetic factors in the
determination of height showed that it is one of the
most heritable human quantitative phenotypes [18].
Interest in the genetic influences on height was renewed
when genetic linkage studies enabled research into
genetic effects over the whole genome studies allowed
identification of loci consistently associated with height
in populations of different ancestry [19-22]. Greater
mean height has been consistently observed in Western
populations as compared with East-Asian populations
[23]. But beside the genetic factors, a multitude of
environmental factors can affect height. They can
operate during the whole growth period, but infancy is
probably the most sensitive phase regarding external
influences [24, 25]. In the presence of adverse
environmental conditions, the physical growth of
children can decline and even adult height be affected
[23]. The main negatively influencing environmental
factor for growth in UB city is air, water and soul
pollution, which has been since early 2000. In UB city,
study showed that the height and weight levelling-off

effect was obvious in boys and girls between 2010-
2015 in most age groups [13].

In our study body weight in girls of UB city was
heavier compared to the WHO and CDC counterparts
on the 3 and 50" centiles, but on the 97" centile the
WHO and CDC counterparts became significantly
heavier than Mongolian girls, especially at the 12-17
years of age. The highest differences on the 97™ centile
were 16 kg and 21.7 kg at the 17 years old for the WHO
and CDC references respectively. Therefore, further
use of WHO and CDC references for monitoring the
weight of girls aged 12-17 years old could lead to
increase of number of overweight and obese women in
Mongolia. Moreover, the fifth national survey on
nutrition of Mongolian population showed the
increasing number of overweight and obese children
and adolescents [14]. In this survey, the prevalence of
overweight and obesity in school children aged 6-
11years sharply increased from 2010 survey level and
reached 22.2% and 6.4%, respectively; prevalence of
overweight and obesity in women and men aged 15 and
upwards was 46.2% and 27.1% respectively. Whereas,
percentage of stunted and wasted children, aged 6-11
years, in Mongolia are 7.3% and 2.8%, respectively,
which was reduction compared to 2010 survey level.
Regarding the boys weight, in our study their weight
values were lighter compared to WHO and CDC
references at all studied centiles, especially at the age
of 12-17 years.

CONCLUSION

The height, weight and BMI values of developed
growth curves for Mongolian school children differ
compared to the WHO and CDC growth references,
especially for schoolchildren aged 12 years and
upwards. Therefore, despite the recommendations of
the Ministry of Health of Mongolia to use WHO and
CDC growth curves recommends use of WHO and
CDC growth references for monitoring children growth
in Mongolia it has become obvious that these
significant differences in school children growth
pattern could lead to incorrect interpretation of children
growth.
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