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ORIGINAL ARTICLE

Trends in the distribution of body mass index among
Chinese adults, aged 20-45 years (1989-2000)

H Wang', S Du?, F Zhai' and BM Popkin?

nstitute of Nutrition and Food Safety, Chinese Center for Disease Control and Prevention, Beijing, China and *Carolina
Population Center, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA

Objective: To describe body mass index (BMI, in kg/m?) distribution patterns and trends among Chinese adults, aged 20-45
years (1989-2000).

Design: A descriptive, population-based study of BMI change.

Setting: Chinese provinces (eight in 1989 and 1997; nine in 2000), representative of the household-based surveys (the China
Health and Nutrition Survey, 1989-2000) using multistage, random cluster sampling, supplemented with annual household
consumption survey data of the State Statistical Bureau (SSB).

Subjects: A total of 4527, 4507 and 4046 adults, aged 20-45 years, in 1989, 1997 and 2000, respectively.

Measurements: BMI (underweight: BMI<18.5 kg/m? and overweight: BMI>25 kg/m?). Percentile curves for BMI in 1989 and
2000 were constructed by gender and age using the LMS (lambda, mu, sigma) method.

Results: Compared with 1989, the 2000 BMI distribution curves flattened at higher levels of BMI (men and women). There was
a 13.7% increase in the proportion of men and a 7.9% increase of women who were overweight or obese with a resulting
greater change in the annualized prevalence rate for men. This increase in the prevalence of overweight and obesity was far
greater than the decrease (2.1% for men; 2.2% for women) in that of underweight. Age-gender-specific percentile curves
showed BMI increases mainly among women, aged 35-45 years, and among men at all age groups.

Conclusions: Chinese BMI dynamics show much greater rates of change among men, aged 20-45 years, than among women,
with the increase among women concentrated between ages 35 and 45 years. These changes portend large shifts in other diet-
related non-communicable diseases in China over the following decades. Controlling the increasing trends of BMI, especially in
men, is an important public health problem facing China.
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Introduction

Rapid socio-economic, demographic, nutritional and health
changes have occurred in China during the past 15 years.!?
China’s economy has grown at an annual 8% gross domestic
product increase over the past two decades.® The proportion
of the population residing in urban areas has grown equally
rapidly.* Technological shifts have reduced physical activity
at work and leisure; diets have also been transformed.?
Urban-rural economic differences are shown in Figure 1,
where the Engle’s coefficient — or the proportion of income
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expended on food - is much lower in urban areas and
incomes are greater.*

Dietary patterns have predominantly changed in composi-
tion, with traditional high-carbohydrate diets being replaced
by diets higher in fat.>® At the same time, technological
changes in work, travel to work and leisure are personified
by large reductions in heavy work and large increases in
TV ownership.®” Moreover, these point toward a change in
the long-term positive energy balance with accompanying
fat deposition and weight gain occurring in the Chinese
population. Many studies have documented the weight gain,
the increases in overweight and obesity (BMI>25kg/m?),
and the greater risk of diet-related non-communicable
diseases among adults in China in the past 10 years.>>%1°

This paper focuses on an examination of shifts in the
overall distribution of BMI, while also examining obesity
trends. At the same time, we describe the trends of important
factors associated with the trends of BMI distribution; for
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example, the trends of food consumption, physical activity
and TV ownership in China.

Subjects and methods

Data and study populations

Analysis was based on data of the longitudinal China Health
and Nutrition Surveys (CHNS) conducted in 1989, 1997 and
2000. A multistage random-cluster sampling process was
used. The survey design was to select a subset of eight of 31
provinces in the mainland of China that varied considerably
in their stage of economic development. Data from eight
provinces in 1989, 1997 and nine provinces in 2000 were
used. Four counties and two cities were selected within each
of the provinces. Neighborhoods were randomly selected
from cities, suburbs, townships and villages; 20 randomly
selected households were targeted within each neighbor-
hood. Although CHNS was not nationally representative, its
previous findings regarding trends in diet patterns and body
composition were similar to the national cross-sectional
surveys,>!!

This study focuses on adults, aged 20-45 years, as this was
the only adult group with anthropometric data collected in
the initial 1989 survey. This analysis utilizes three cross-
sections of this age group of adults in 1989, 1997 and 2000
(Table 1). The total sample of 4527 (2101 men and 2426
women), 4507 (2171 men and 2336 women) and 4046 (1933
men and 2113 women) adults, aged 20-45 years, had their
weight and height measured in 1989, 1997 and 2000,
respectively.
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Figure 1 Trends in per capita annual income and Engle’s coefficients in
China (— € —annual income of urban households, — B —annual income of
rural households, — < —Engle’s coefficient of urban, — [ -—Engle’s coeffi-
cient of rural). *Engel’s coefficients are the proportion of expenditures spent
on food.

Measures and statistical analysis

The main variables measured were the subjects’ weight,
height, gender, age and urban-rural status. Anthropo-
metrical measurements were conducted by well-trained health
workers who followed a reference protocol recommended
by the World Health Organization (WHO).'*'* Weight was
measured to the nearest 0.01 kg with a balance-beam scale,
while the subjects were wearing lightweight clothing. Height
was measured to the nearest 0.10cm with a portable
stadiometer, while the subjects were barefoot. Further details
about the CHNS have been published.'*'® Body composition
was estimated by determining the subjects’ BMI. All analyses
were stratified by gender. First, we described the trends of
BMI distribution curves in men and women using the WHO
defined cutoff points to classify participants into under-
weight (BMI<18.5kg/m?), normal (BMI: 18.5-24.95 kg/m?)
and overweight or obese (BMI>25 kg/m?).!6

Percentile curves were then constructed for BMI values in
1989 and 2000, by gender, using the LMS (lambda, mu,
sigma) method.!” This method summarizes the data in terms
of three smooth age-specific curves called L (lambda), M
(mu) and S (sigma). The M and S curves correspond to the
median and coefficient of variation of BMI at each age,
whereas the L curve allows for the substantial age-dependent
skewness in the distribution of BML.'®1° The values for L,
M and S can be tabulated for a series of ages. This method
provides a smooth and understandable BMI percentile curve.

Last, we used the data of the Chinese State Statistical
Bureau (SSB) to describe the trends of main factors associated
with the change of BMI distribution in China (e.g., TV
ownership, the change of occupation and the change of food
consumption patterns).

Results

Trends of BMI distribution among men and women in 1989 and
2000

The shape of the BMI distribution curves among men
and women changed over the 11-year period, 1989-2000
(Figure 2). The main characteristics of the changes were the
shift in the curves (man and woman) to the right between
1989 and 2000. The mean BMI increased from 21.3 to
22.4kg/m? for men and from 21.8 to 22.4 kg/m? for women.
The dispersion of the BMI distributions was also greater

Table T Number of subjects and their distributions between urban and rural areas, adults aged 20-45 years (1989-2000)
Year Men Women Total

Urban Rural Total Urban Rural Total Urban Rural Total
1989 662 (31.5%) 1439 (68.5%) 2101 765 (31.5%) 1661 (68.5%) 2426 1427 (31.5%) 3100 (68.5%) 4527

1997 635 (29.3%)
2000 550 (28.5%)

1536 (70.7%) 2171
1383 (71.5%) 1933

694 (29.7%)
617 (29.2%)

1642 (70.3%) 2336
1496 (70.8%) 2113

1329 (29.5%)
1167 (28.8%)

3178 (70.5%) 4507
2879 (71.2%) 4046
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during this period. The standard deviation increased from 2.3
to 3.1 for men and from 2.7 to 3.2 for women. Comparing the
changes of BMI distribution curves (men and women) from
1989 to 2000 reveals (a) the mean of BMI for women was
significantly higher than for men in 1989 (P<0.0001) and (b)
the difference of BMI distribution between genders dis-
appeared in 2000 (P=0.29), because the rate of change for
men was significantly faster than for women.

Trends of underweight and overweight among men and women
in 1989, 1997 and 2000

BMI distribution curves for men and women leveled off in
the midrange of BMI at higher levels of BMI (Figure 2). This
phenomenon implied that the increase in overweight for
men and women was greater than the decrease in under-
weight. This observation is clearly shown in the comparison
of underweight, normal weight and overweight proportions
for these years (Table 2).
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Income, education, activity level and food consumption
patterns were largely different between urban and rural
populations in China, which should cause important
differences in the body composition trends of the Chinese
population. We divided the population into urban and rural
groups. Table 2 shows the change in the nutrition status (i.e.,
underweight, normal and overweight) of men and women in
urban and rural areas from 1989 to 2000. The proportion of
underweight among men decreased 5.1 and 0.9% in urban
and rural areas, respectively, and decreased 1.9 and 2.2%
among women in urban and rural areas, respectively. The
overall proportion of underweight (man, woman, rural and
urban) was 6.5% in 2000. Conversely, the proportion of
overweight or obesity among men increased 21.9% (from
10.1 to 32%) and 10.8% (from 4.7 to 15.5%) in urban and
rural areas, respectively — an increase of more than threefold
over the 11-year period — and the difference between urban
and rural areas increased 11.1% (from 5.4% in 1989 to 16.5%
in 2000). In women, the prevalence of overweight obesity
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Figure 2 Shifts in the BMI distribution for Chinese men and women aged 20-45 years, 1989-2000 (— ¢ —1989, — B —2000).

Table 2 Nutrition status of men and women (adults aged 20-45 years) in different areas from 1989 to 2000

Year Nutrition status Men Women Total
Urban (%) Rural (%) Total (%) Urban (%) Rural (%) Total (%) Urban (%) Rural (%) Total (%)
1989 Underweight 10.7 7.4 8.4° 9.8 8.4 8.9 10.2° 7.9° 8.7
Normal 79.2 87.9 85.12 76.2 81.3 79.7° 77.6° 84.4° 82.2
Overweight 10.1 4.7 6.5° 14 10.2 11.4° 12.2° 7.7° 9.1
1997 Underweight 6.8 6.2 6.4 6.5 5.9 6 6.6° 6.0¢ 6.2
Normal 70.4 82.9 79.2 75.4 78.4 77.3 73.0¢ 80.6° 78.2
Overweight 22.8 10.9 14.4 18.2 15.8 16.7 20.4° 13.4° 15.6
2000 Underweight 5.6 6.5 6.3 7.9 6.2 6.7 6.9¢ 6.49 6.5
Normal 62.4 78 73.5 72.1 74.8 74 67.5¢ 76.3¢ 73.8
Overweight 32 15.5 20.2 20 19 19.3 25.6° 17.3¢ 19.7

Significant difference between men and women in 1989 (P<0.001). bSignificant difference between urban and rural in 1989 (P<0.001).

between urban and rural in 1997 (P<0.001). dSignificant difference between urban and rural in 2000 (P<0.001).

Significant difference

w
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increased 6.0 and 8.8% in urban and rural areas, respectively,
between 1989 and 2000. From 1989 to 1997, the proportion
of underweight adults, aged 20-45 years, dropped 2.5%.
Concurrently, although the proportions of obesity (defined
as BMI>30 kg/mz) were very low in both men and women,
there was a 13.7% (6.5-20.2%; a threefold increase) increase
in the proportion of men and a 7.9% (11.4-19.3%) increase
in the proportion of women who were overweight or obese.

Annual changes in nutritional status

Moreover, the annual increase in the prevalence of over-
weight and obesity in men was greater than in women. In
men (total), the annual increase was 1.3% but was only 0.7%
for women (total) from 1989 to 2000. The nutrition status of
men was significantly different from that of women in 1989;
however, the difference disappeared in 1997 and 2000. In
men, there was an accelerated trend of increased prevalence

of overweight and obesity. The average annual increase of
the prevalence of overweight and obese men increased 1%
over the 8-year period (1989-1997) and nearly 2% over the
3-year period (1997-2000). In women, the average annual
increased prevalence for overweight and obese was stable at
0.6% over this 11-year period (1989-2000) in urban areas. It
also showed an accelerated trend for overweight or obese
women in rural areas, increased from 0.7% (1989 to 1997) to
1.1% (1997 to 2000), much higher than that in urban areas
of 0.5% (1989-1997) to 0.6% (1997-2000) (Table 3).

Shifts in the 15th, 50th and 85th percentile BMI curves (1989
and 2000)

Figure 3 shows the 15th, 50th and 85th percentile BMI
percentile curves constructed using the LMS method for the
years 1989 and 2000, by gender and age. The curves, from
bottom to top (black-filled: 1989; white-filled: 2000), are the

Table 3 Annual Changes in nutritional status of men and women (adults aged 20-45 years) in different areas from 1989 to 2000

Year Nutrition status Men

Women Total

Urban (%)  Rural (%)

Total (%)

Urban (%) Rural (%) Total (%) Urban (%) Rural (%) Total (%)

Annual change (1989-1997)*  Underweight —0.5** —0.2** —0.4* —0.3** —0.4** —0.5** —0.2** —0.3*
Normal —1.1** —0.6** -0.1* —0.4** —0.2** —0.6** —0.5** —0.5**
Overweight 1.6** 0.8** 0.5* 0.7** 0.6** 1.1%* 0.7** 0.8*
Annual change (1997-2000)*  Underweight —0.4** 0.1** —0.03** 0.5 0.1* 0.2* 0.1* 0.1** 0.1**
Normal —2.7** —1.6** -1.1 -1.2* —1.1* —1.8* —1.4* —1.3*
Overweight 3.1** 1.5%* 0.6 1.1* 0.9* 1.7* 1.3*%* 1.2%*
Annual change (1989-2000)*  Underweight —2.7** —0.1** —0.2* —0.2** —0.2** —0.3** —0.1** —0.2**
Normal —1.5%* —0.9** —0.4* —0.6** —0.5** —0.9** —0.7** —0.7**
Overweight 2.0** 1.0%* 0.6* 0.8** 0.7** 1.2%* 0.8** 0.9**
Significant change between years. *P<0.05, **P<0.001.
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Figure 3  Shifts in the BMI percentile curves for Chinese men and women aged 20-45 years, 1989-2000* (— 4 —15 (1989), — B —50 (1989), —A—85 (1989),
— <& —15 (2000), —O0—50 (2000), —A—85 (2000)). * Modeled with the LSM technique.
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15th, 50th and 85th percentile curves, respectively. For men,
the 15th, 50th and 85th percentile curves show increasing
trends from 1989 to 2000, except the 15th percentile curve
for those younger than 35 years. The levels increased more at
higher percentile levels. Age did matter for men; in the same
percentile curve, for example, in the 15th or 50th percentile
curves, the part of the curves — which correspond to men
older than 35 years - increased more than the part
corresponding to younger men.

For women, all three BMI percentile curves in the age
group younger than 35 years were stable over the 11-year
period (1989-2000). The 15th, 50th and 85th percentile
curves show the increasing trends from 1989 to 2000 only in
the age group older than 35 years. Moreover, the increased
levels of the high percentile curves (e.g., the 85th percentile)
were greater than the levels of the low percentiles (e.g., the
15th percentile). Comparing the changes of the percentile
curves of women with that of men, we can see that the BMI
percentile curves of women were more stable than those of
men. For each percentile curve, the changes in women were
less than in men.

Food consumption changes

The food supply improved quickly and diverse foods became
available with the development of economic policies and a
series of food policies inaugurated in the beginning of the
1980s. These changes also provided the basis of the food
consumption and dietary pattern shifts of the Chinese
population in the past two decades.'”®> The Chinese SSB,
using the per capita data from the annual household survey
series in China, provided data about food consumption in
China (Figure 4). Cereal consumption declined slowly in
urban and rural areas from 1981 to 2001. In urban areas,
cereal consumption declined from 145.4 to 79.7 kg/capita/
year, and in rural areas, raw cereal consumption declined
from 256.0 to 238.0kg/capita/year. The consumption of
fresh vegetables stabilized in these years at 110-130kg/
capita/year in urban and rural areas. At the same time, the
consumption of animal foods, including meat and meat

(5.
o

N

a

=]
IS
o

-
(=3
o

N

o

w
(=]
kg/capita/year for animal source foods

a

o
=
(=)

kg/capita/year for cereals and vegetables

<o
o

81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02
Year

Figure 4 Chinese household food consumption trends (kg/capita/year)
(—O—urban cereals, — B —rural raw cereals, — @ —rural vegetable,
— O -—urban vegetable, —A-—urban animal source foods, — A—rural
animal source foods).
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products, poultry and poultry products, milk and milk
products, eggs and egg products, fish, shellfish and mollusk,
increased 12.2 and 14.3 kg/capita/year from 1981 to 2001 in
urban and rural areas, respectively. Meat and eggs were the
main animal food sources in China. The CHNS data showed
similar changes in food consumption between 1989 and
2000.5 The food consumption pattern of the Chinese
population was shifting from the traditional pattern -
characterized by the consumption of rice, wheat and wheat
products — toward high animal food consumption. More-
over, the food consumption pattern changes in the urban
population were larger than in the rural population.

Physical activity and TV ownership

Activity levels and the proportion of TV ownership were used
to measure the changes in daily physical activities of the
population. The SSB data provide the information of the
long-term trends of occupations proportion. Occupations
were divided according to the categories (Figure 5). It shows
the proportion of persons engaged in agriculture, forestry
and fishing decreased 33 percentage points from 1952 to
2000. At the same time, the proportion of the persons
engaged in industry and service occupations increased 15.1
and 18.4%, respectively.'*

Moreover, large changes in workplace technology de-
creased the energy expenditure required at work. The CHNS
data also show that the proportion of persons engaged in
light or medium activity increased 7.6 percentage points and
6.3 percentage points from 1989 to 2000, respectively.

TV utilization represents a potential source of inactivity.
TV ownership increased considerably in the past 20 years.
The CHNS data also provided information about the
increasing TV ownership in China. In urban areas, 88.2%
of households owned a TV set in 1989 and increased to
96.4% in 2000. In rural areas, the proportion increased from
52.5 to 89.0% in the same period. The report of the SSB
showed the number of color TVs in 100 households
increased from 17.21 to 116.56 in urban areas and from 0.8
to 48.74 in rural areas from 1985 to 2000.*
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Figure 5 Shifts in the proportion of Chinese adults in different occupation
categories from 1952 to 2002 (M, farming, fishing and forestry; HH, industry;
K], service).
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Discussion

Body composition shifts in China are having major
health implications in terms of shifts in the prevalence of
nutrition-related noncommunicable diseases (NR-NCDs)
and increased medical care costs.>! This study shows a
faster rate of increase in overweight of urban Chinese,
especially among men. The decline in underweight
status has also been faster among men. The LMS method
was used to construct 15th, 50th and 85th percentile curves
that show - across the full age distribution and at all
percentiles — that BMI increased more in men than in
women. Furthermore, there were larger increases at the 85th
percentile than lower percentiles. The 15th, 50th and 85th
percentile curves of men, older than 35 years, increased more
than younger men.

There is the possibility that the gender-related body
composition changes in China may be different than most
other countries.’>?? Not only were the body composition
shifts across all ages and percentiles greater in men, between
1989 and 2000, but also the annualized rate of change in
prevalence was faster in men. Interestingly, the trends were
reversed and overweight increased faster in women than in
men in the 1980s.1*3 This may relate to higher levels of
market and home production work among Chinese women.
For instance, there is evidence, in rural areas, that women
work in more strenuous occupations, are more likely to work
multiple jobs and are also undertaking the bulk of house-
work in the home.?*?3

The increase in BMI among women aged 35 years and
older, but not among younger women, requires further
research to understand; there is the possibility that a focus
on thinness might explain part of this shift. Another
hypothesis to be explored relates to the types of shifts in
energy expenditures for women at work. There might be
important age-related employment and occupational
patterns that can explain this issue.

Urban men became the population sector with the highest
prevalence of overweight and obesity among the four groups
(rural men, rural women, urban men and rural women)
because of the large increase from 1989 to 2000. Although
the prevalence of overweight and obesity in rural men
remained the lowest of the four groups in 2000, the rapidly
increasing rate of prevalence in this group is sufficient to
deserve increased attention. The prevalence of overweight
and obesity in rural women increased faster than urban
women. Our findings provide further evidence that in-
creased income might have affected diets and body composi-
tion in a detrimental manner to health, with those in low-
income groups having the largest increase in detrimental
effects owing to increased income.

Our research has indicated that the rate of change in
dietary intake toward a more energy-dense diet may be
increasing in China, particularly among the poor,® but it is
less clear for the changes in activity levels. Increases in TV
viewing and automobile ownership are accelerating in
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China and may be indicative of more rapid shifts in activity
levels.

Studies in China have carefully documented the dietary
and activity changes and their effects on obesity patterns
and have shown both dietary and activity shifts are equally
important in explaining these trends.®®'>?327 The patterns
of diet and activity presented here are not discussed in detail
in this paper and it is necessary to investigate the long-
itudinal literature on these various shifts in diet and activity
to further understand these issues. This study has demon-
strated that there is clearly an increase in the rate of change
in overweight status in China.

The health-care costs of these changes in China are
enormous with medical expenditures skyrocketing and
many experts predicting increases in overall mortality
related to obesity and its comorbidities.>*® Research in
China has documented major shifts in adult onset diabetes,
hypertension, stroke, heart disease and cancer. To date, little
systematic work has been carried out nationally to address
the key issues related to energy imbalance and poor diets
that face China. The key dietary components include huge
increase in edible oil intake, large increases in animal source
food intake and declines in complex carbohydrates, fruits
and vegetables.? New initiatives being contemplated include
a program to reduce intake of edible oil and find ways to
increase activity patterns.

Acknowledgements

We thank Carlos Monteiro and Wolney Conde who
suggested us to use the LMS approach to studying percentile
changes in the BMI distribution and then provided us with
computer code to allow us to program these changes. We
thank the NIH (R01-HD30880, R0O1-HD38700, Fogarty Inter-
national Center training grant) for financial support for
the analysis. We also wish to thank Ms Frances L Dancy for
administrative assistance, Mr Tom Swasey for graphics
support and Mr Bill Shapbell for editorial assistance.

References

—_

State Statistical Bureau. China Statistical Yearbook 2002. China

Statistics Press: Beijing, 2003.

2 Du S, Lu B, Zhai F, Popkin BM. A new stage of the nutrition
transition in China. Public Health Nutr 2002; 5 (1A): 169-174.

3 World Bank. World Development Indicators 2001. World Bank:
Washington, DC, 2001.

4 State Statistical Bureau. China Statistical Yearbook 2000. China
Statistic Press: Beijing, 2001.

5 Popkin BM, Horton §, Kim S, Mahal A, Shuigao J. Trends in diet,
nutritional status, and diet-related noncommunicable diseases in
China and India: the economic costs of the nutrition transition.
Nutr Rev 2001; 59: 379-390.

6 Bell AC, Ge K, Popkin BM. Weight gain and its predictors in

Chinese adults. Int ] Obes Relat Metab Disord 2001; 25: 1079-1086.

Bell A, Adair LS, Popkin BM. Ethnic differences in the association

between body mass index and hypertension. Am J Epidemiol 2002;

155: 346-353.

N



8 Popkin BM. Dynamics of the nutrition transition and its
implications for the developing world. Forum Nutr 2003; 56:
262-264.

9 Popkin BM, Gordon-Larsen P. The nutrition transition: worldwide
obesity dynamics and their determinants. Int ] Obes Relat Metab
Disord 2004; 28 (Suppl 3): S2-S9.

10 Popkin BM, Kim S, Rusev ER, Du S, Zizza C. Measuring the full
economic costs of diet, physical activity, and obesity-related
chronic diseases. Obes Rev 2006 (in press).

11 Ge K, Weisell R, Guo X, Cheng L, Ma H, Zhai F et al. The body
mass index of Chinese adults in the 1980s. Eur J Clin Nutr 1994;
48 (Suppl 3): S148-5154.

12 Beghin I, Cap M, Dujardin B. Guide to Nutritional Assessment (A).
WHO: Geneva, 1988.

13 WHO. Physical Status: The Use and Interpretation of Anthropometry
Report of a WHO Expert Committee Technical Report Series, No
854. WHO: Geneva, 1995.

14 Popkin BM, Paeratakul S, Zhai F, Ge K. Dietary and environmental
correlates of obesity in a population study in China. Obes Res
1995; 3 (Suppl 2): 135s-143s.

15 Bell AC, Ge K, Popkin BM. The road to obesity or the path to
prevention: motorized transportation and obesity in China. Obes
Res 2002; 10: 277-283.

16 James PT. Obesity: the worldwide epidemic. Clin Dermatol 2004;
22: 276-280.

17 Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a
standard definition for child overweight and obesity worldwide:
international survey. BMJ 2000; 320: 1240-1243.

18 Cole TJ, Green PJ. Smoothing reference centile curves: the LMS
method and penalized likelihood. Stat Med 1992; 11: 1305-1319.

Chinese adults BMI trends
H Wang et af

19

20

Cole TJ. Using the LMS method to measure skewness in the NCHS
and Dutch National height standards. Ann Hum Biol 1989; 16:
407-419.

Haslam DW, James WP. Obesity. Lancet 2005; 366: 1197-1209.

21 James Jr WPT, Ni Mhurchu C. Overweight and obesity (high body

22

23

24

25

26

27

28

mass index). In: Ezzati MLA, Rodgers A, Murrary CJL (eds).
Comparative Quantification of Health Risks: Global and Regional
Burden of Disease Attributable to Selected Major Risk Factors. WHO:
Geneva, 2004, pp 479-596.

Popkin BM, Conde W, Hou N, Monteiro CA. Is there a lag globally
in overweight trends for children as compared to adults? Obesity
(in press).

Paeratakul S, Popkin BM, Ge K, Adair LS, Stevens J. Changes in
diet and physical activity affect the body mass index of Chinese
adults. Int ] Obes 1998; 22: 424-431.

Entwisle B, Susan ES, Zhai FY, Ma LM. Household economies in
transitional times. In: Entwisle BaGEH (ed). Redrawing Boundaries:
Work, Household, and Gender in China. University of California
Press: Berkeley, CA, 2000, pp 261-283.

Entwisle B, Short SE, Bouma ], Zhai FY. Gender and
family businesses in rural China. Am Sociol Rev 1995; 60:
36-57.

Du S, Mroz TA, Zhai F, Popkin BM. Rapid income growth
adversely affects diet quality in China - particularly for the
poor!. Soc Sci Med 2004; 59: 1505-1515.

Popkin BM. Urbanization, lifestyle changes and the nutrition
transition. World Dev 1999; 27: 1905-1916.

Blumenthal D, Hsiao W. Privatization and its discontents — the
evolving Chinese health care system. N Eng ] Med 2005; 353:
1165-1170.

~

International Journal of Obesity



