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An anthropometric survey is one of the most important approaches
to use when evaluating the health status of children. Secular trends
in body sizes, such as height, weight, head circumference, chest cir-
cumference, and body mass index showed significant changes over
40 years in Korea. A series of periodic surveys were conducted in
1967, 1975, 1985, 1997, and 2005 by the Korean Pediatric Society and
Ministry of Health and Welfare. The quality of data from school health
examinations and the Korea National Health and Nutrition Examination
Survey has improved, so we can use them now as resources for
anthropometric analysis. The final height differences between 1965
and 1997 were 4.5 cm both in boys (168.9 cm in 1965; 173.4 cm in
1997) and girls (155.9 cm in 1965; 160.4 cm in 1997). The differences
between 1997 and 2005 were 0.9 cm in boys (174.3cm in 2005) and 0.8
cm in girls (161.2 cm in 2005). There was no difference in final height
measurements between 2005 and 2010. An increase in body size at
earlier teen ages was pronounced during these decades compared
to the previous generation; however, little change has been identified
more recently. Body size has been increasing, and obesity has become
more prevalent. Systems that gather data should be updated in order
to cope with these secular trends. In an upcoming era of secular trends
that would be in a slow transition, several surveys that include body
measurements should be prepared to meet future needs.
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Introduction centuries. An anthropometric survey is one of the most important
approaches used to evaluate the health status of individual children
Body size is known to change in response to socioeconomic changes’.  and to provide information for public purposes”. In Korea, a series

Many historical approaches in anthropometry, performed mainly  of periodic surveys was performed in 1967, 1975, 1985, 1997, and

in Western countries, have clearly shown that the height and weight 2005 by the Korean Pediatric Society and Korea Ministry of Health

of children and adolescents had changed a great deal during the last ~ and Welfare™”. These surveys were developed at teaching hospitals,
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selected based on regional allocation, and were non-randomized.
Data under 2 years of age was gathered mostly by hospitals and after
around 2 years of age was by community based survey. Recently, the
Ministry of Education, Science, and Technology, with the support of
the Korean Pediatric Society, revised school health examinations to
reflect modern statistics, such as adopting updated growth references
and stratified random sampling. In addition, the Korea National
Health and Nutrition Examination Surveys were ongoing since 1998
under the supervision of Korea Centers for Disease Control and
Prevention*”. These recent surveys can be the resources to study about
the body measurements in children. The goal of this article was to
provide an overview about the secular trend in Korean children’s
growth by briefly reviewing past data and comparing the data to the

updated surveys.

Age adjustment and analysis

There are many data with anthropometric information; however,
few have proved useful in making scientific comparisons. Many of
them lack the exact age of children. As a result, in this review, only
previously published data and raw data with exact ages were compared.
To make exact comparisons, ages were adjusted. Data from recent
surveys with ages rounded to the year generally needed to be recal-
culated because old reports, to which recent surveys were to be
compared, generally rounded ages down to the nearest age. It was
the previous standard to make groups based on the closest year of age
because most nationwide surveys that were to be used to make growth
charts were made in an era without personal computers”"”. In this
article, statistical software Stata ver. 12 (Stata Co., College Station,
TX, USA) and MS Excel (Microsoft Inc., Seattle, WA, USA) were

used to generate the new results.

Rapid secular trends of body sizes in Korea

1. Dramatic incremental changes in height and weight in
accordance with a rapid socioeconomic transition

1) Height

According to the 2005 survey report performed by the Korean
Pediatric Society, in association with the government'”, the mean
height of boys was 50.4 cm at birth, 77.3 cm at 12 months, and 174.3
cm at 20 years. The mean height of girls was 49.9 cm at birth, 76.4 cm
at 12 months, and 161.2 cm at 20 years. To demonstrate the secular
trend, in 1965, the mean height of boys was 74.8 cm at 12 months,
and in 2005, the mean height was 77.3 cm (2.5 cm gain). In 1965,
the mean height of girls at 12 months was 72.8 cm, and, in 2005, the
mean height was 76.4 cm (3.6 cm gain). In 1965, the mean height of

boys at 7 years was 112.5 cm, and in 2005, it was 124.9 cm (124 cm
gain). In 1965, the mean height of boys at 20 years was 168.9 cm; in
1997, it was 173.4 cm; and in 2005, it was 174.3 cm (4.5 cm, 0.9 cm
gain, respectively). In 1965, the mean height of girls at 7 years was
112.0 cm, and in 2005, it was 123.7 cm (11.7 cm gain). In 1965, the
mean height of girls at 20 years was 155.9 cm; in 1997, it was 160.4
cm; and in 2005, it was 161.2 cm (4.5 cm, 0.8 cm gain, respectively).
Compared to 2010 school health examination data”, there was almost no
change in the final height of late adolescents in 2005 (173.5 cm in boys,
160.6 cm in girls). In summary, there were great secular changes in
height from 1965 to 1997; nevertheless, there were few changes in the
final height after 1997. As for growth acceleration in puberty, during
the past decades it seemed quite pronounced; however, the rate now

seems much slower (Fig, 1, 2).

2) Weight

‘The mean weight of boys was 3.3 kg at birth, 10.3 kg at 12 months,
and 70.9 kg at 20 years. The mean weight of girls was 3.2 kg at birth,
9.8 kg at 12 months, and 55.1 kg at 20 years. To illustrate the secular
trend, in 1965, the mean weight of boys at 12 months was 8.9 kg; in
1985 it was 10.3 kg, and in 2005, it was also 10.3 kg, In 1965, the mean
weight of girls was 8.3 kg, and in 2005, it was 9.8 kg. In 1965, the
mean weight of boys at 7 years was 19.1 kg; in 1985, it was 22.3 kg,
and in 2005, it was 26.8 kg. In 1965, the mean weight of boys at 20
years was 58.2 kg; in 1985, it was 61.9 kg, and in 2005, it was 70.9
kg. In 1965, the mean weight of girls at 7 years was 19.1 kg; in 1985,
it was 21.2 kg, and in 2005, it was 25.5 kg. In 1965, the mean weight
of gitls at 20 years was 51.5 kg; in 1985, it was 51.8 kg, and in 2005,
itwas 51.5 kg in 2005. Weight also has changed dramatically during
the past decades and there seemed no stagnation in the secular trend.

Recent school examination data showed that there seemed little change
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Fig. 1. Plotted mean height in boys less than 60 months showed prono-
unced changes from 1965 to 1985. This pattern of secular change has
varied. Differences were reduced from 1997 to 2005.
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Fig. 2. Plotted mean height from 6 to 20 years showed pronounced changes from 1965 to 1997 (boys in A, girls in
B). This pattern of secular change has varied. Differences were reduced from 1997 to 2010. In mid adolescents, growth

acceleration in puberty appeared rapid during the decades.
in weight across age ranges during the last few years.

3) Head circumference

‘The mean head circumference (HC) of boys was 34.5 cm at birth
and 46.3 cm at 12 months. The mean HC of gitls was 34.1 cm at
birth and 45.4 cm at 12 months. To demonstrate the secular trend,
in 1965, the mean HC of boys at 12 months was 45.8 cm; in 1985, it
was 46.5 cm, and in 2005, it was 46.3 cm. In 1965, the mean HC of
girls was 44.8 cm, and in 2005, it was 454 cm.

4) Chest circumference

The mean chest circumference (CC) of boys at birth was 33.0 cm;
at 12 months it was 47.5 cm, and at 17 years it was 77.5 cm. The mean
CC of girls at birth was 32.7 cm; at 12 month, it 46.6 cm, and at 17
years it was 77.5 cm. To demonstrate the secular trend, in 1965, the
mean CC of boys at 12 months was 46.4 cm; in 1985, it was 47.2
cm, and in 2005, it was 47.5 cm. In 1965, the mean CC of girls at 12
months was 45.3 cm, and in 2005, it was 46.6 cm. In 1965, the mean
CC of boys at 7 years was 56.8 cm; in 1985, it was 57.6 cm, and in
2005, it was 61.6 cm. In 1965, the mean CC of boys at 17 years was 83.3
cm; in 1985, it was 82.3 cm, and in 2005, it was 77.5 cm. In 1965, the
mean CC of gils at 7 years was 55.9 cmy; in 1985, it was 55.8 cm, and in
2005, it was 59.6 cm. In 1965, the mean CC of girls at 17 years was
75.8 cmy in 1985, it was 76.2 cm, and in 2005, it was 77.6 cm. Detailed

data of body measurements are summarized in Table 1.

2. Obesity epidemic, ongoing Problem

According to the 2005 survey, in 1997, the mean body mass index
(BMI) of boys at 12 months was 17.2 kg/mz, and in 2005, it was 17.2
kg/m”. In 1997, the mean BMI of girls at 12 months was 16.9 kg/
m’, and in 2005, it was 16.7 kg/m’. In 1997, the mean BMI of boys

at 7 years was 16.4 kg/m”’, and in 2005, it was 17.1 kg/m”. In 1997,
the mean BMI of boys at 20 years was 22.1 kg/m”, and in 2005, it
was 23.3 kg/mz. In 1997, the mean BMI of gitls at 7 years was 16.0
kg/m”’, and in 2005, it was 16.5 kg/m”’. In 1997, the mean BMI of
girls at 2 0 years was 21.5 kg/m”, and in 2005, it was 21.1 kg/m”. The
prevalence of obesity increased significantly during the period. In
2005, 9.7% (11.3% for boys, 8.0% for girls) of Korean children and
adolescents were obese, and 19.0% (19.7% for boys, 18.2% for girls)
were overweight or obese. The prevalence of obesity increased from
5.8% in 1997 t0 9.7% in 2005". In 2010, the prevalence of overweight
or obesity was still high-approximately 20% in high school boys and
over 17% in girls (Table 2).

Discussion

1. The need to improve the quality of surveys and data
management

In Korea, the primary aim of periodic anthropometric surveys is to
gather data to construct the reference growth charts, which would be
an appropriate fit for local needs. Growth charts have been important
tools in pediatrics in order to keep pace with children’s growth in
various fields of clinical medicine in Korea. In public health, charts
were also used as references to assess the prevalence of obesity and
under-nutrition and to monitor the trend of children’s growth. To
improve the quality of the growth charts updated methodologies are
necessary, and it would be also essential to get the anthropometric
data together, if there were any childhood survey conducted in
scientific and strategic way, even though the primary purpose of the
survey was something else. Currently, changes in final adult height,
which is usually achieved in the late teenage years, has plateaued in Korea,
in contrast with the changes in previous decades. Therefore, the need to
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Table 1. Summary of the Anthropometric Measurements from 1975 to 2010

Age ) Weight (kg) Height (cm) Head circumference (cm) Chest circumference (cm)
1975 1985 1998 2005 2010 1975 1985 1998 2005 2010 1975 1985 1998 2005 1975 1985 1998 2005
Boys
At birth 33 34 34 33 511 514 508 504 347 341 346 345 338 331 334 330
1(1-1.25) 96 103 104 103 78 778 778 773 457 465 464 463 464 472 474 475
2(2-2.5) 118 126 129 128 865 879 877 878 476 484 484 485 492 496 500 505
3(3-3.9) 133 144 151 1561 91.9 946 957 964 485 493 496 497 509 513 519 521
4 (4-4.5) 149 160 170 174 97.9 101.8 1035 103.1 493 501 504 505 524 525 533 537
5(5-5.5) 167 180 19.0 192 105.0 1084 109.6 109.4 50.0 50.7 50.8 512 540 540 550 555
6 (6-6.5) 185 197 214 219 243 1106 1139 1158 1157 1207 503 511 513 516 555 554 570 575
7(7-8) 206 223 247 268 271 1177 1204 1224 1249 1267 507 515 517 522 578 576 592 616
8(8-9) 227 242 276 304 308 1226 1256 1275 1306 131.3 511 518 521 528 598 593 613 645
9(9-10) 249 267 310 345 346 1273 1305 1329 136.1 1367 513 522 525 529 615 612 642 0668
10(10-11) 274 295 345 388 395 1319 1362 1378 1413 1422 517 527 529 534 634 630 667 709
11(11-12) 297 324 386 439 446 1360 1403 1435 1475 1483 520 530 533 538 650 651 697 736
12(12-13) 322 355 428 495 502 140.0 1449 1493 1544 1557 522 532 536 542 668 673 719 747
13(13-14) 374 415 472 558 556 1475 1526 1553 1620 1626 526 539 540 547 701 706 746 788
4(1415) 421 474 539 610 605 153.6 159.2 162.7 1672 1678 53.0 544 546 552 731 742 779 795
15(15-16) 461 522 585 648 640 1582 1640 1678 170.7 1712 536 550 550 548 764 776 806 792
16 (16-17) 5625 562 612 669 661 1641 1672 1711 1722 1727 546 555 554 553 820 804 829 817
17(17-18) 558 582 632 687 678 1664 1683 1722 1731 1736 552 559 558 561 849 823 845 775
18(18-19) 571 598 638 696 679 1673 1689 1725 1742 1733 554 56.1 56.2 862 834 853
19(19-20) 580 602 660 70.6 168.1 169.9 1732 1745 56.0 563 56.8 87.1 844 880
20(20-21) 593 619 666 709 168.7 170.2 173.4 174.3 56.1 56.6 56.8 882 856 882
Girls
At birth 33 32 33 32 50.8 505 50.1 499 344 365 341 341 336 327 331 327
1(1-1.25) 9.1 95 100 98 748 762 769 764 445 453 456 454 457 457 466 46.6
2 (2-2.5) 115 120 125 123 846 869 870 87.0 469 474 477 476 483 491 491 495
3(3-3.5) 128 136 142 146 90.2 929 942 952 481 484 487 489 498 508 505 512
4 (4-4.5) 143 167 164 165 97.1 1009 1021 101.9 485 492 496 496 513 521 523 526
5(5-5.5) 161 173 184 186 103.7 108.1 108.6 108.3 49.0 499 50.0 503 524 534 537 5441
6 (6-6.5) 179 191 207 210 231 1092 1134 1147 1147 1196 495 500 505 508 540 538 555 56.1
7(7-8) 200 212 236 255 258 1169 1194 1216 123.7 1244 500 504 511 516 563 558 576 59.6
8(8-9 220 235 262 290 292 1216 1249 1260 129.6 1303 504 509 515 522 580 577 596 625
9(9-10) 242 261 300 327 331 1265 1301 1322 1355 1363 508 514 518 524 598 596 624 64.6
10(10-11) 270 292 336 375 377 131.8 1365 1377 1424 1428 513 518 523 531 619 616 652 688
11(11-12) 306 336 378 425 430 1375 1418 1442 1486 1495 517 523 530 535 641 642 682 717
12(12-13)  33.6 382 431 473 474 1420 1478 1509 1542 1546 522 53.0 534 538 662 671 720 755
13(13-14) 387 431 470 509 507 1481 1521 1550 1575 1576 527 534 536 541 691 704 751 7641
4(1415) 435 468 507 532 528 1520 1549 1578 159.0 159.3 534 539 538 540 721 728 772 778
15(15-16) 467 496 525 552 546 1540 1558 159.0 159.7 1604 537 542 543 536 745 747 785 787
16 (16-17) 491 512 544 557 553 1556 156.7 160.0 1604 160.7 539 545 544 548 762 759 788 77.1
17(17-18) 506 518 546 56.0 556 1563 157.3 1604 160.2 1609 541 545 546 559 776 762 795 776
18(18-19) 508 519 547 554 551 156.6 157.3 160.5 161.3 1603 543 547 547 776 764 800
19(19-200 512 515 549 557 1567.0 1572 160.1 161.6 543 549 548 793 765 815
20(20-21) 520 51.8 557 551 1571 157.6 1604 161.2 544 549 551 794 778 817

Data was summarized in means.
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Table 2. Prevalence of Underweight and Obesity in School-Aged Children in 2010

Age ) Underweight (%) Normal (%) Overweight (%) Obesity (%)
e Boys Girls Boys Girls Boys Girls Boys Girls
6 59 6.4 79.4 81.6 85 6.8 6.1 52
7 5.9 58 75.0 76.9 10.8 9.6 8.3 7.8
8 4.4 50 76.6 76.4 111 10.7 8.0 7.9
9 46 5.3 75.2 76.2 12.0 10.9 8.2 7.7
10 4.0 5.7 75.5 4.7 12.5 12.4 7.9 7.2
11 34 4.3 73.0 75.7 13.6 12.3 10.1 7.7
12 3.4 5.0 74.1 75.1 10.2 12.2 12.3 7.8
13 4.0 4.3 748 77.0 6.5 10.8 14.8 7.9
14 39 3.7 75.7 785 3.7 8.9 16.8 9.0
15 39 4.3 76.2 78.1 1.9 7.0 18.0 10.7
16 4.6 5.0 75.7 7.4 0.6 5.9 19.1 1.7
17 46 6.4 74.9 76.3 0 5.4 20.4 11.8
18 58 8.2 73.6 734 0.1 5.6 20.6 12.8

Definition of underweight is less than 5th percentile; overweight is more than 85th percentile and less than 95th percentile; obesity is at least 95th percentile or

at least 25 kg/m?’.

track changes in all the children’s heights has diminished. Regarding
surveys for the next generation, we should establish a new purpose for
anthropometric surveys, such as to monitor the trend in obesity or
underweight, to find the most prevalent regions with problems, and to
discover health risk-related factors. These needs usually require more
structured approaches, which would require additional funding. We
also need to improve the systems for data imputation, data cleaning,
descriptive statistics, and analytic approaches, and we need to develop
strategies to open available databases to the public as much as possible.
The largest and most robust database related to health and disease in
Korea is that of the National Health Insurance Company; however, it is
not easy to access that data because of such strong legal barriers. There has
been some effort to build new systems to access this national database
through legislation. Currently available anthropometric databases in
Korea are described in Table 3.

School health is one of the very important issues in many countries
in the world in the era of the global epidemic of non-communicable
diseases. Schools are key spots for physicians, healthcare workers, and
policymakers to intervene in the disease process and health-related
behaviors, both for the individual and the population at large. In
Korea, the national school health-screening program was reformed in
2006, according to the School Health Law, which was promulgated
in 2005. With this new health program, Korean National School
Health Samples were also revised from 2009, which had been based
on random and stratified sampling. A recently published government
report addressed the Korean National Sample Data from the National
School Health Examination in 2009 and 2010°.

2. Future directions

Secular trends over forty years in Korea have shown dramatic changes,
which was accompanied by rapid socioeconomic transition. Even
though those changes seem to have plateaued recently, there is still
no evidence to say that the secular trend has reached its goal. Many
observations show that an increase in the body size of a population
correlates with improved health outcomes”. If the environments for
children and adolescents could be improved optimally, the secular
trend in height would resume.

Acceleration of the start of puberty has been an important medical
issue more concerned with obesity and precocious puberty. It seems
that obesity could speed up the start of puberty in some children,
with general trend of increasing prevalence of precocious puberty. It
will be more important for a pediatrician, or primary care physician,
to deliver precise information about puberty and the normal trend of
growth acceleration to parents and children.

Many parents are concerned about their children’s growth and are
sometimes eager to increase their children’s height if possible. To
improve the current pattern of using growth charts, research will be
needed regarding the adoption of new World Health Organization
Growth Standards and the improvement of our 2007 Korean re-
ferences.

It would also be a great challenge to assess the exact anthropometric
status in North Korea. According to 22005 report from United Nations
Children's Fund (UNICEEF), the prevalence of stunted children (height-
for-age <2 Z-score) aged 0 to 71 months in 2004 was 37.0%".
The prevalence of severe stunting (<-3 Z-score) was 12.2%. The

prevalence of underweight children (weight-for-age <-2 Z-score)
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Table 3. Currently Available Korean Databases with Childhood Anthropometric Information

Name of dataset Variables  Targeted Number Collecting Collecting method Other info
age date
Nationwide survey of body 19 0-19 109,476 1997-  Nationwide survey. not randomized Basic data for 1998 Korean
physics in 1997 early 1998 Growth Charts
Nationwide survey of body 32 0-19 143,355 2005  Nationwide survey, population based. Basic data for current (2007)
physics in 2005 not randomized Korean Charts.
Data with Blood pressure
Youth risk behavior survey 6 13-18 58,224 2005  Self-reporting data via web/ population-based  Also available in 2006-2010
2005 stratified random sampling
National school health 93 7-18 58,061 2006  Nationwide cluster sampling, not randomized ~ With Blood pressure, dental
examination 2006 info, health risk behaviors,
simple nutritional informa-
tion
National school health 103 7-18  114,408in2007; 2007,  Nationwide cluster sampling, not randomized ~ As above
examination 2007, 2008 112,289in2008 2008
National school health 103 7-18  194,114in2009; 2009,  Population-based stratified random sampling ~ As above
examination 2009-2010 188,352in2010 2010
KNHANES 1st 1,206 0-98 39,060 1998  Population-based stratified random sampling  Biochemical data, 24 hr recall
diet data, Blood pressure
etal
KNHANES 2nd 1,200 0-99 37,878 2001 Population-based stratified random sampling  As above
KNHANES 3rd 877 0-107 34,145 2005  Population-based stratified random sampling ~ As above+income grade
KNHANES 4th 1,099 0-108 4,594 2007 Population-based stratified random sampling  Year-round survey system
KNHANES 4th 1,126 0-93 9,744 2008  Population-based stratified random sampling ~ As above
KNHANES 4th 1,121 0-95 10,533 2009  Population-based stratified random sampling ~ As above

KNHANES, Korea National Health and Nutrition Examination Survey.

aged 0 to 71 months in 2004 was 23.4%. These findings suggest
that severe stunting in children, attributed to chronic malnutrition,
was quite prevalent in North Korea, even though they share the
same genetic background with South Korea. It would be necessary
to know about the exact burden of nutritional intervention in
terms of anthropometry. Co-operation with the international non-
governmental organizations, such as UNICEF, will be crucial to gain

access to them.
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