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ABSTRACT

Background There is strong evidence of a positive secular trend in body mass index (BMI) and the prevalence of obesity has increased
substantially over the last several decades. However, no studies on this trend have been reported in Shandong Province, China. The present
study assessed the decennial change in BMI in Shandong Province during the past 25 years and the prevalence of overweight and obesity
among children and adolescents.

Methods The BMI of children and adolescents aged 7—18 was calculated using data from five national surveys on students’ constitution and
health carried out by the government in 1985, 1995, 2000, 2005 and 2010 in Shandong Province, China. The distribution of BMI was
reported, and the prevalence of overweight and obesity was obtained according to the screening criteria of overweight and obesity for
Chinese students using BMI [Working Group on Obesity in China (WGOC) standard]. Overweight and obesity prevalence were also computed
using the International Obesity Task Force (IOTF) cutoffs.

Results In the past 25 years, the Psq (50th percentile) of BMI increased. The average increments of BMI were 2.18 kg/m? for boys and
1.21 kg/m? for girls, respectively. The prevalence of overweight and obesity increased rapidly: using WGOC standard, the prevalence of

overweight increased from 1.91% for boys and 2.02% for girls in 1985 to 17.34% for boys and 11.97% for girls in 2010, and the prevalence

of obesity increased from 0.27% for boys and 0.23% for girls in 1985 to 15.83% for boys and 7.12% for girls in 2010; using IOTF standard,
the prevalence of overweight increased from 1.54% for boys and 1.27% for girls in 1985 to 19.06% for boys and 13.42% for girls in 2010,
and the prevalence of obesity increased from 0.04% for boys and 0.03% for girls in 1985 to 9.33% for boys and 2.42% for girls in 2010,
respectively.

Conclusions The average value of BMI has increased over time; overweight and obesity among children and adolescents have become a
serious public health problem. Comprehensive evidence-based strategies of intervention should be introduced, including periodic monitoring.
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Introduction

The prevalence of obesity has increased substantially over
the last several decades and indications are such that this
trend will continue not only in developed but also in devel-

. P
oping countries.

Obesity has become an increasingly
important public health problem in children and adolescents.
Many of the outcomes associated with obesity that were pre-
viously thought of as diseases of adults are now affecting

children as well. Childhood obesity increases the risk of

obesity in adulthood and is associated with cardiovascular
disease risk factors such as hypertension, diabetes mellitus
and dysljpidemia.gflo Previous reports suggested that the
epidemic of childhood overweight and obesity in China has
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spread all over the country since the end of twentieth
century, although there are differences among different
The geographical distribution of childhood
obesity in China is mainly caused by the disparity in the

: 11
regions.

socioeconomic status (SES) related to dietary and lifestyle
changes in modern China."”

Body mass index (BMI) has recently been recommended
as an important index for estimating body fat and the preva-
lence of obesity and may be used to evaluate adiposity in
adolescents.'™'* The International Obesity Task Force
(IOTF) cutoffs are recommended for use in international
compatrisons of the prevalence of overweight and obesity.
Considering the differences in body composition across
different ethnic groups, the Working Group for Obesity in
China (WGOC) organized by International Life Science
Institute Focal Point in China conducted an analysis on BMI
of children and adolescents aged 7—18 years, the age-, sex-
specific BMI 85th and 95th percentiles were developed,
respectively, by using the B-spline curve to adjust the curves
passing through a BMI of 24 and 28 kg/ m?® (the cutoff
points used for Chinese adults to define overweight and
obesity, tespectively) at 18 years of age, and a new BMI
classification treference was recommended by WGOC in
2004." This standard is the most appropriate one and has
been applied extensively in recent years.

Shandong Province, located in the lower reaches of the
Yellow River between 34°25 and 38°23'N latitude, and
114°25" and 112°43'E longitude, is an important littoral
province in East China. Shandong Province is one of the
birthplaces of Chinese Culture and is the hometown of
Confucius, widely considered to be the greatest philosopher

Table 1 The sample size of the five surveys

in Chinese history. Particularly, since China adopted the
policy of reform and opening up to the world, Shandong
has maintained sustained and rapid economic growth. This
article reports the changes in BMI and the prevalence of
overweight and obesity among children and adolescents over
the last 25 years (1985—2010) in Shandong Province, China.

Subjects and methods

The study was approved by the Ethical Committee of the
Shandong Center for Disease Control and Prevention,
Shandong, China.

Study population

Data for this study were obtained from five national surveys
on students’ constitution and health carried out by the gov-
ernment in 1985, 1995, 2000, 2005 and 2010 in Shandong
Province, China. (In 1985, the government education and
health department set up a system of National Surveys on
Chinese Students” Constitution and Health. The first author
is a member of the leading group in Shandong Province.)
All subjects voluntarily joined this study with informed con-
sents. The sample size of age groups of each survey is given
in Table 1. The sampling method was stratified multistage
sampling based on economic status, drawn from Jinan (the
capital and the political, economic and cultural center of
Shandong Province: this city has an area of 8227 km?, and a
population of 6.81 million in 2010, the GDP per capita is
64 738 Yuan in 2010), Yantai (an eastern coastal and devel-
oped city, with an area of 13 739 km” and a population of

Age (years) 1985 1995 2000 2005 2010

Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls
7.5 612 612 300 300 318 357 344 343 316 302
8.5 612 612 300 300 361 364 371 362 318 323
9.5 612 612 300 300 331 334 357 359 305 315
10.5 612 612 300 300 395 376 377 388 320 325
11.5 612 612 300 299 376 379 354 366 301 317
12.5 611 612 300 300 337 326 362 343 340 303
13.5 611 612 300 300 363 361 355 365 305 308
14.5 612 612 300 300 325 323 350 324 305 320
15.5 612 612 300 300 368 370 363 340 314 328
16.5 612 612 300 300 372 353 371 359 306 305
17.5 612 612 300 300 363 324 386 352 310 306
18.5 612 595 300 299 358 364 343 334 343 342
Total 7342 7327 3600 3598 4267 4231 4333 4235 3783 3794
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6.97 million in 2010; people’s living standards and seafood
intake were relatively higher, the GDP per capita is 66 936
Yuan in 2010) and Jining (a western inland developing city,
with an area of 11 000 kmz, and a population of 8.08
million in 2010; people’s living standards were relatively
lower, the GDP per capita is 30 159 Yuan in 2010) as
survey areas, and using randomly selected primary and sec-
ondary schools, the sample proportions in these three areas
in each survey were equal. All of the subjects were primary
and secondary students, covering the range from 7 to 18
years of age, and all of them were of Han ancestry that
accounts for ~99.32% of the total population in Shandong,
Most importantly, the schools from which the subjects were
selected were relatively stable since 1985, and the method
and quality control of measurements of five surveys was

16
the same. "

Measurements

All subjects had a thorough medical examination before the
measurements were taken, and overt disease or physical or
mental deformities were excluded. From 1985 to 2010, the
apparatus recommended by Cameron'” was used by doctors
to measure height and weight, and the subjects were
required to go barefoot and wore only their underwear. The
age groups were divided following the criteria of ‘exact age’,
so that, for example, cohort 7.5 (represented by “7.5” in the
plots) designates students aged 7.0—7.9 years.

Statistical analyses

The BMI of children and adolescents aged 7—18 was calcu-
lated from their height and weight, the distribution of BMI
was reported, and the prevalence of overweight and obesity
were obtained according to the screening criteria of over-
weight and  obesity for Chinese students using BMI
(Table 2). In order to provide information for comparison
with other countries, the prevalence of overweight and
obesity was also computed using the International Obesity
Task Force (IOTF) cutoffs.'® The statistical treatment was
carried out using SPSS 11.0.

Results

Decennial change in BMI

The 5th, 50th and 95th percentile values of BMI for chil-
dren and adolescents aged 7—18 years in 1985, 1995, 2000,
2005 and 2010 are given in Tables 3 and 4. In the past 25
years, the percentile values of BMI increased, and the
average increments of 5th, 50th and 95th percentile values
of BMI were 0.36, 2.18 and 7.81, register an average

Table 2 BMI reference norm for screening overweight and obesity in
Chinese children and adolescents (WGOC 2004)

Age  Boys overweight Boys obesity Girls overweight ~Girls obesity
(years)

7 17.4 19.2 17.2 18.9
8 18.1 20.3 18.1 19.9
9 18.9 21.4 19.0 21.0
10 19.6 22.5 20.0 221
11 20.3 23.6 21.1 233
12 21.0 24.7 21.9 24.5
13 21.9 25.7 22.6 25.6
14 22.6 26.4 23.0 26.3
15 23.1 26.9 23.4 26.9
16 235 27.4 23.7 27.4
17 23.8 27.8 23.8 27.7
18 24.0 28.0 24.0 28.0

increase of 2.56%, 13.06% and 39.34%, tespectively, for
boys, and 0.17, 1.21 and 4.64, and register an average
increase of 1.34%, 7.41% and 23.55%, respectively, for gitls.
The average increments of BMI were bigger for boys than
girls. The difference in BMI between 1985 and 2010 is
mainly at the Pos (the 95th percentile) level; in contrast, the
difference at the Ps (the 5th percentile) level is not as
evident. Figure 1 shows the increments of BMI for adoles-
cents by age groups, the biggest increment was found in
12-year-old boys (3.61), a rate of 1.44 per decade, and
11-year-old gitls (2.00), a rate of 0.82 per decade.

Prevalence of overweight and obesity

Table 5 gives the overall overweight and obesity rates of chil-
dren and adolescents aged 7—18 in different years. Using
WGOC standard, the prevalence of overweight increased
from 1.91% for boys and 2.02% for girls in 1985 to 17.34%
for boys and 11.97% for girls in 2010, and the prevalence
of obesity increased from 0.27% for boys and 0.23% for
girls in 1985 to 15.83% for boys and 7.12% for girls in
2010. Using IOTF standard, the prevalence of overweight
increased from 1.54% for boys and 1.27% for girls in 1985
to 19.06% for boys and 13.42% for girls in 2010, and the
prevalence of obesity increased from 0.04% for boys and
0.03% for girls in 1985 to 9.33% for boys and 2.42% for
girls in 2010. The overall prevalence of overweight and
obesity increased from 2.18% (boys) and 2.25% (girls) in
1985 to 33.17% (boys) and 19.08% (gitls) in 2010 by
WGOC refetence norm and from 1.58% (boys) and 1.30%
(girls) in 1985 to 28.39% (boys) and 15.84% (gitls) in 2010
by IOTF reference norm, respectively.
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Table 3 The 5th, 50th and 95th percentile value for BMI of boys for different years (kg/m?)

Age (years) 1985 1995 2000 2005 2010
Ps Pso Pos Ps Pso Pos Ps Pso Pos Ps Pso Pos Ps Pso Pos

7.5 13.12 1475 1676 1333 1498 19.02 1346 1537 2266 1335 1544 2166 1341 16.27 2344
8.5 1336 1491 17.26 1357 1538 19.89 1347 1584 2245 1359 16.07 2343 1353 16.64 2422
9.5 1359 1518 17,58 13.74 1565 2050 13.81 16.18 2292 13.69 16.61 2332 1375 17.63 2479
10.5 13.70 1539 1833 1397 1594 2129 1436 1723 2508 1396 17.70 2597 1432 1838 26.23
1.5 1391 1575 1891 1399 16.59 2085 1444 1757 2544 1414 1801 26.70 1466 19.12 28.60
12.5 1429 1631 1974 1447 1699 2348 1438 1783 27.07 1480 1855 27.75 1542 19.92 2925
13.5 15.08 17.20 2040 1484 17.68 23.88 1541 1839 2642 1522 1921 2810 1586 19.04 29.51
14.5 1547 1796 2123 1574 1852 26.01 1587 19.12 2697 1574 19.68 2832 16.14 1991 28.80
15.5 16.09 18.78 2211 16.21 1935 26,55 16.18 1952 2833 16.22 19.82 2830 16.52 20.79 30.11
16.5 17.04 1939 2263 16.71 19.89 2573 16.79 20.03 2837 1699 20.18 2789 16.92 21.13 3057
17.5 1739 1991 23.13 1758 20.53 2599 1696 20.69 2835 1698 2050 2819 17.10 2142 29.90
18.5 17.94 2027 2326 1756 2031 26.89 17.51 2123 2849 1763 2085 2861 17.66 21.67 29.66

Table 4 The 5th, 50th and 95th percentile value for BMI of girls for different years (kg/m?)

Age (years) 1985 1995 2000 2005 2010
Ps Pso Pos Ps Pso Pos Ps Pso Pos Ps Pso Pos Ps Pso Pos
7.5 1295 1438 16.29 12.81 14.57 17.71 13.09 1500 19.62 1290 1495 1996 13.18 1579 2143
8.5 1280 1460 16.88 1288 1465 1773 1330 1519 20.39 13.07 1537 2098 13.01 1592  21.52
9.5 13.19 1485 17.43 13.07 15.01 18.97 13.26 1558 2122 1332 1580 2198 1322 1595 2239
10.5 13.47 1523 18.04 1344 1559 20.17 13,55 16,55 2256 13.15 16.73 23.09 1386 17.01 23.65
11.5 13.69 1569 19.00 13,56 1638 2193 1394 17.14 2375 13.65 1722 2483 1422 17.75 2501
12.5 14.05 16.56 2036 1434 17.37 23.31 1444 1768 23.65 1467 17.76 2589 1515 18.60 26.33
13.5 1520 1797 21.13 1488 1799 23.78 1496 18.12 2560 1505 1889 27.31 1522 19.03 25.86
14.5 15.71 18.64 2244 1579 19.00 25.14 1595 19.16 2589 1589 1945 26.33 16.25 20.11 27.18
15.5 16.29 19.11 2284 1587 19.40 2480 1590 19.74 2533 1620 19.83 26.57 1569 19.98 26.72
16.5 17.12  19.76 2294 16.74 19.70 23.71 17.04 20.22 2734 16.68 19.82 24381 17.51 20.69 26.98
17.5 17.45 20.14 2349 17.08 20.05 2436 1696 2043 2497 17.07 2027 2573 16.94 20.26 27.44
18.5 17.47 20.16 2429 1731 2036 2422 1745 2083 2659 1728 2060 26.62 17.22 20.54 26.25
Discussion such as the metabolic syndrome, which may even occur

A secular trend in growth is an important biological
phenomenon and has been well documented in many devel-
oped and developing countries. China is now experiencing a
positive secular trend, which is reflected not only in faster
growth in childhood, eatlier puberty and steady increments
in adult height, but also by dramatic changes in body
shape.l() These secular growth changes result from socioeco-
nomic development; however, they also have negative
effects, as higher BMI may lead to hypertension, hyperglyce-

mia, type 2 diabetes mellitus and other adulthood diseases,

early in childhood and adolescence.”””!

The prevalence of overweight and obesity in children and
adolescents is increasing rapidly worldwide. The World
Health Organization describes obesity as ‘one of today’s
most blatantly visible—yet most neglected—public health
problems’ and uses the term ‘globesity’ to reflect an ‘escalat-
ing global epidemic of overweight and obesity’.”” In the
USA, the prevalence of obesity among children and adoles-
cents aged 2—19 increased from 14.0% (boys) and 13.8%
(gitls) in 1999 to 18.2% (boys) and 16.0% (girls) in 2004.>
In China, the prevalence of obesity reported by the National
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Surveys on Chinese Students’ Constitution and Health in
1985 were only 0.2 and 0.1% for boys and girls, and the
prevalence of overweight was between 1 and 2% indicating
no obesity epidemic at that time.”* However, a rapid increase
in the prevalence of overweight has been noticed since the
carly 1990s. The prevalence rates of obesity plus overweight
reported by the National Surveys on Chinese Students’
Constitution and Health had reached 25.4, 25.5, 17.0 and
14.3% in 2000 for boys aged 7—9 and 10—12 years, and
gitls aged 7—9 and 10—12 years, respectively.”* Overweight
and obesity in children and adolescents should no longer be
regarded as variations of normality, but as a disease with an
extremely high risk for future development of atherosclero-
adulthood.
Preventing excess weight gain and obesity among children

sis  and cardiovascular complications in

and adolescents is important in obesity control and will lead
to a decreased risk of chronic diseases among adults.”
Comprehensive strategies of intervention should include per-
iodic monitoring, education on pattern of nutrition, oxygen-

consuming physical exercises and healthy dietary behavior.
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Fig. 1 Increments of BMI for children and adolescents aged 7-18, 1985—
2010.

The population distribution of childhood obesity is
related to the SES. Studies from developed countries
showed that the diet of the high SES groups usually consist
of more vegetables and fruits which are less energy-dense
than their low SES peers, high SES youths are less likely to
be obese than their lower SES counterparts; in contrast, in
developing countries such as China, high SES youths are
more likely to be obese than their lower SES counter-
220 The traditional Chinese diet is shifting toward a
diet with high fat, high energy density and low dietary fiber,

parts.

these changes resulted in rapid increases in the prevalence
of overweight and obesity and dietary-related chronic non-
communicable diseases.”” This environmental transform-
ation is especially conspicuous in China with the increased
availability and consumption of sugared products, such as
candy, soft drinks and snacks, proliferation of fast food res-
taurants and the abundance of enticements that lead to
reduced physical activity, such as watching television and
playing computer garnes.z8 Television viewing besides redu-
cing physical activity also leads to increased consumption of
energy-rich foods through incessant commercial advertise-
ment.”” This study has shown that the prevalence of over-
weight and obesity among children and adolescents has a
rapid increase from 1985 to 2010 in Shandong province,
and the overall prevalence rates of obesity plus overweight
were increased in multiple times when compared with those
in 1985, from 2.18% (boys) and 2.25% (gitls) in 1985 to
33.17% (boys) and 19.08% (girls) in 2010. The reasons
include mainly over consumption of energy, serious inactiv-
ity and the lifestyle change from being active to sedentary, as
well as the unhealthy living and dietary habits. The reasons
why the increase in the prevalence of overweight and
obesity appears to be greater in boys than girls in this
context needs to be more cleatly understood, so that effec-
tive intervention can be developed.

Table 5 The prevalence of overweight and obesity of children and adolescents aged 7-18 for different years by Chinese and international standard

Year Boys Girls
Overweight® (%)  Overweight® (%)  Obesity” (%)  Obesity” (%)  Overweight® (%)  Overweight® (%)  Obesity? (%)  Obesity® (%)
1985 1.91 1.54 0.27 0.04 2.02 1.27 0.23 0.03
1995 7.53 6.50 2.92 1.64 4.89 4.28 1.72 0.53
2000 12.98 13.83 9.12 4.57 7.90 8.23 4.32 1.75
2005 14.31 15.79 10.66 5.42 8.76 9.66 5.69 1.96
2010 17.34 19.06 15.83 9.33 11.97 13.42 7.12 2.42

4Using WGOC standard.
bUsing IOTF standard.
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For epidemiological and research purpose, it is useful to
have a common definition of overweight and obesity. The
IOTF definition is used in epidemiological research to clas-
sify overweight and obesity, and the major advantage of the
definition is that it allows international compatison of trends
in overweight and obesity. Considering the differences in
body composition across different ethnic groups, the
WGOC has provided a BMI reference norm for screening
overweight and obesity in Chinese children and adolescents.
The present study, using China’s own national reference
norm, examines the prevalence of overweight and obesity
among children and adolescents in Shandong, China, and
the results of this paper will provide some conclusive evi-
dence for the control of obesity. However, we also reported
the prevalence of overweight and obesity by using IOTF
reference norm, and it allows international comparison of
trends in overweight and obesity. This study has several
limitations. Data for this study were acquired from five inde-
pendent cross-sectional surveys spanning 25 years rather
than from a longitudinal cohort study, thus preventing
further assessment of cohort and time effects.

In summary, these results demonstrated positive secular
increases in BMI among children and adolescents aged 7—18
years for the period from 1985 to 2010 in Shandong
Province, China. However, the rapid increase in both obesity
and overweight should arouse special attention. Obesity and
overweight have become a threatening hazard to children and
adolescents, and as the urbanization increases, obesity might
show further increase. Thus, the prevention and control of
this hazard is urgently needed. Comprehensive strategies of
intervention should include periodical monitoring, education
on pattern of nutrition, oxygen-consuming physical exercises
and healthy dietary behavior.
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