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Adiposity, dietary and physical activity patterns in ethnic
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M.C. Wang*, T.F. Ho¥, G. Block*, M. Leef, J. Anderson§ and Z.1. Sabry*

*School of Public Health, University of California, USA; fDept of Physiology, National University of
Singapore, Singapore; #Dept of Epidemiology & Biostatistics, University of California, San Francisco,
USA; §Dept of Anthropology, University of California, Berkeley, USA.

During the last decade, childhood obesity has been on the increase in Singapore and many newly industrial-
ized Asian countries. We compared the mean body mass index (BMI) and triceps skinfold (TSF) values, as
well as the dietary and physical activity patterns of Singaporean Chinese and Chinese American youths.
Chinese Americans had a higher mean BMI but a lower mean TSF than Singaporean Chinese. Dietary com-
parisons suggest that Singaporean Chinese ate fish and grain products more often than Chinese American
youths, while Chinese American youths consumed processed meats, dairy products and snack foods more
frequently. Mean frequency of consumption of low fat, traditional Chinese foods such as rich porridge was
higher among the Singaporean Chinese, while typical ‘American’ foods including cheese were consumed
more often among the Chinese Americans. Certain food items that were more ‘neutral’ in terms of their cul-
tural identity, such as carbonated drinks, cookies and bread were consumed with the same mean frequencies
in both cohorts. In terms of physical activity, Singaporean Chinese youths, on average, spent more time in
sedentary activities, less time sitting, and more time in light or moderate activities. The mean time spent on
vigorous activities per day was only one hour in both cohorts. Our study suggests differences in body fat dis-
tribution and composition, as well as in dietary and activity patterns, between Chinese American and
Singaporean Chinese youths. There is a need to develop obesity indicators that are appropriate for the spe-

cific populations involved, and to carefully investigate environmental influences on childhood obesity.

Introduction

Childhood obesity has recently been recognized as an emerg-
ing problem in many newly industrialized Chinese soci-
eties'. For example, in Singapore, in 1976, only 2% of
Primary Six schoolchildren (mostly 12-year-olds) were iden-
tified as obese, based on a relative weight of 2120% of stan-
dard weight-for-height from the Harvard growth standards.
In 1983, the corresponding rate was 12%". Recent data from
the Ministry of Health in Singapore shows that the preva-
lence of obesity among Primary Six children was 19% for
boys and 12% for girls in 1990°. In Hong Kong, the preva-
lence of overweight among a selected group of adolescents
was found to be about 3-4%>. Table 1 summarizes selected
published studies on childhood obesity in ethnic Chinese
populations. Comparison of data across these studies is diffi-
cult since each study uses a different criteria for defining
overweight.

The causes of obesity are multi-factorial. Both genetic and
environmental factors have been implicated6. Among the
environmental causes, diet and physical activity have been
most widely studied. This paper will focus on these environ-
mental factors.

Dietary patterns among the Chinese

Although the Chinese diet is generally considered low in fat,
rapid economic development in many Chinese-dominated
newly industrialized nations have resulted in increasing meat
and animal fat consumption. In Singapore for example,
where 78% of the population is of Chinese ethnicity, food
availability data from the Food & Agricultural Organisation
(FAO)7 indicates that fat levels doubled between 1961-63
(41 grams) and 198688 (81 grams). A survey of 40 Chinese
households in Singapore carried out in 198485 revealed that
dietary patterns were influenced by affluence and the primary
language spokens. In particular, more affluent households
tended to purchase more red meat/offal, poultry, fruit, eggs
and vegetables other than green leafy, while lower-income
households were consuming more eggs and milk in 1984
than in 1970. The affluent households also tended to use corn
or soybean oil as opposed to lard or other vegetable oils, and
to eat high fibre biscuits more than the less affluent house-
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Table 1. Studies of childhood obesity in ethnic Chinese populations.
Country Population Variables measured Analysis Results
Singaporcl 705 511 school children Weight, standing height, *Obesity defined as > Annual prevalence:
measured from 1976-83(51% relative weight (using the 120% of ideal weight-- Boys: 1.4% (1974)
boys, 49% girls): Harvard growth standards for-height 8.2%(1983)
*346 208 6-7 yrolds for ideal weight-for height). «Computed prevalence by Girls: 1.0%(1974)
* 359303 11-12 yr olds year, gender, and age 8. 5%(1983)
6-7 years 1.4%(1976)
3.1%( 1983)
11-12 years . 2.2%(1976)
12.1%(1983)
Hong Kongz 1535 adolescents aged 14-27 Height, weight BMI *A BMI of 25 is the cut- 1)Per cent overweight:
years (82% aged 16-21 years) (weight/heightz) H off for defining overweight 14-15 years 4.1%
from two secondary schools and physical activity d *Computed percent 16-17 years 2.6%
one commercial school by questionnaire; parents' overweight by age and sex 18-19 years 2.5%
height and weight as *Computed energy 20+ years 5.3%
reported by the subjects. expenditure by converting All age groups:  3.5%
hours spent in various Males: 4.0%
activities to metabolic Females: 3.0%
equivalence 2)Time spent in exercise and
*Used univariate analysis activity score were not related to
to assess associations of overweight
activity and parents’ BMI 3)Correlation between parents’ BMI
with subject’s overweight and subject’s BMI was not different
from zero.
Taiwan’ 20 677 individuals aged 3-70 Mid-arm ci fi *Computed pre valence " 1)Prevalence (only results for 10 and
years (49% males, more than (TSF) based on triceps skinfold 15 year olds are given here):
70%<20 years) were measured (TSF) and >120% of Based on 120% of average weight:
in 12 districts selected by average body weight for Boys Girls
stratified random sampling each age group, for 10-15 10yr 15yr  10yr 15y
year old boys and girls 1980-82 84 102 4.6 9.2%
(1986-88) 1986-88 144 105 141 97%
*Compared prevalences Based on TSF:
with a previous survey Boys Girls
(1980-82) 10yr  15yr  10yr 15yr
198688 21.5 186 100 14.8%
2)Mean BMI (1986-88)
Boys (8-19yr): 19.0-27.2 kglm
Girls (8-19yr): 18.6-24.5 kg/m
Mean TSF ( 1986-88)
Boys (8-19yr): 10.3-13.2mm
Girls (8-19yr): 12.6-19.9mm
China® 4314 boys and girls aged 7-18 BMI, subscapular and * Cut-offs for overweight 1)Prevalence of overweight (1983):
years from the Northern Chinese TSF defined by standard Criteria: BMI Sum SF Both
deviation from predicted Boys: 7.1 5.6 2.9%
values of BMI and the sum Girls: 9.0 6.0 4.0
of measured skinfolds (SF) 2)Range of mean BMI (1983)

Boys: (7-18yr): 15.0-20. Okglm
Girls :(7-18 yr): 14.7-20.1

Range of mean sum SF (1983)
Boys: (7-18yr): 12.9-16.2mm
Girls: (7-18yr): 15.1-29.5

holds. There were also some indications that more English-
speaking than Chinese-speaking households had made
changes in their diet during the last five years.

Similarly, in Taiwan, fat availability per capita increased
from 86 grams (28% of calories) in 1980 to 118 grams (36%
of calories) in 1986°. Finally, in China, fat availability per
person in both rural and urban regions increased by 180%
from 16 grams or 8% of calones (1961-63) to 44 grams or
15% of calories (1986—88) Increases in the availability of
processed foods that are high in fat content, and increased
consumption of meat”’ are likely explanations for the
increases in fat intake seen in these societies.

In the United States, the process of acculturation can be
expected to lead to major changes in the dietary patterns of
immigrants from China, Hong Kong, Taiwan, Singapore and
elsewhere. Indeed, several studies have documented changes
in the food habits of vanous Chmese immigrant groups in the
United States and Canada'® Yang & Fox, in 1979, admin-
istered a questionnaire designed to assess changes in food
habits in a group of first generation immigrant Chinese adults
living in Nebraska 0 They reported more people following
‘American style’ breakfast and lunch patterns. Dinner, for
most subjects, however, generally remained Chinese-style.

They also found that immigrants from Taiwan made fewer
changes in food habits than those from China or Hong Kong,.

Physical activity

There is a dearth of information on the physical activity pat-
terns of ethnic Chinese children and youths. In a survey of
887 youths, all over 14-years-old, from two schools in Hong
Kong, it was found that 25% and 40% of the respondents did
not report having recently taken any moderate or vigorous
exercise, respectively. The relationship between act1v1ty and
overweight was weak and statistically 1ns1gmﬁcant In a
population-based cross-country study of colorectal cancer of
Chinese Americans and of Chinese living in China, both
higher energy expenditure and intakes were observed among
the Chinese in China. The risk of colorectal cancer was
observed to increase the duration of exposure to a sedentary
lifestyle and high saturated fat consumption. Differences in
the rates of colorectal cancer between the Chinese Americans
and the population in China could be explained by differ-
ences in these lifestyle factors™

The purpose of this paper is to compare adiposity, using
body mass index (BMI) and triceps skinfolds (TSF), as well
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as dietary and physical activity patterns, between ethnic
Chinese youths living in Singapore, and their age and sex
counterparts living in California.

Methods

Recruitment
Recruitment efforts were directed at high school and college-
aged individuals. In Singapore, a total of 280 subjects, aged
17-22 years, were voluntarily recruited from among first year
female students of the National University of Singapore (103
females), Army recruits (117 males) and students at a poly-
technic (40 females and 20 males). Males were not recruited
from the university because in Singapore, young men usually
attend two years of military service before entering univer-
sity. The Army recruits in the cohort were just about to begin
their two year stint of military service and had not yet under-
gone rigorous physical training. Only recruits with a t least a
certain level of secondary school education were selected. At
the polytechnic, where there was an obesity screening pro-
gram, special efforts were made to recruit obese individuals.
In California, 113 subjects aged 16-22, were initially
recruited from the Bay Area of California. Recruitment
sources were the University of California at Berkeley, several
Chinese social clubs at high schools and the Chinese School
in San Jose.

The eligibility criteria required the individuals to:

* have lived in the country of study for more than 8 years

« have no medical problems that would predispose them to

obesity or growth disorders, such as congenital hip dis-
locations, thyroid problems, or congenital heart disease.

In the analysis of the growth data, two additional criteria
were imposed: subjects had to be of Southern Chinese origin,
and be at least 17-years-old. These criteria were instituted for
the following reasons. Most Singaporean Chinese originated
from Southern China, and growth differences are known to
exist between Northern and Southern Chinese'”. None of the
Singaporean participants was younger than 17 years.

Data collection and analysis

The protocol for the conduct of this study was approved by
the Committee for the Protection of Human Subjects at the
University of California. In accordance with its policies,
informed consent to participate was obtained from every
subject.

Standard protocol for measuring height, weight and skin-
folds was followed'®. A detailed description of the protocol is
given in another paper”. Mean and median values were com-
puted, and statistical differences between the two cohorts
were assessed using the two-tailed student's t-test. The means
and medians were also compared with the reference popula-
tion in the United States'®,

Dietary patterns of the participants were determined using a
food frequency questionnaire developed specifically for
Chinese American and Singaporean Chinese youths. Nutrient
values of each of the 120 listed food items were derived from
one of the following food composition tables: 1. Handbook
No. 8 (United States Department of Agriculture); 2. Journal
of Food Composition and Analysis (Special issue: Chinese
Food Composition Tables; 3(3,4)), 1990; 3. Nutrient compo-
sition of Malaysia Foods (ASEAN Sub-committee on pro-
tein: Food habits research and development, 1988; 4.

Guo-ming ying-yang chindao so chih. National Nutrition
Guidelines (Ministry of Health, Republic of China), 1991.

The validity of this dietary questionnaire, and the method-
ology for analyzing the dietary data have been described else-
where ~. Mean macronutrient intakes, and mean frequency of
consumption of selected food groups were estimated, and
compared between the two cohorts.

Physical activity patterns were assessed from a brief ques-
tionnaire that asked for estimations of time spent on vigorous,
light to moderate, sitting down and sedentary activities dur-
ing typical week days and weekends, in the past year.
Somewhat similar questions have been applied to the
Chinese American adult population in an epidemiologic
study of colorectal cancer'®. The subjects were also asked if,
when compared to others of their age, they considered them-
selves ‘very active’, ‘active’, ‘somewhat active’ or ‘seden-

tary’.

Results and discussion

Cohort differences in height, weight, and adiposity indices
The distributions of height, weight, body mass index
(BMI) and triceps skinfold (TSF) of the Chinese American
and Singaporean Chinese youths are shown in Figure 1(a)
males and (b) females. Means and medians are presented
in Table 2.

The Chinese American females are almost 3 kg heavier,
on average, than the Singaporean Chinese females.
However, this difference is not significant and may be due
to the smallness of the Californian Cohort. There was no
difference in height between the two female cohorts.
Among the males, the Chinese Americans are taller by
about 3 cm (P<0.05), and heavier by almost 8 kg, than
their counterparts in Singapore (P<0.01).

The Chinese American females have a higher mean body
mass index (P<0.05) than the Singaporean Chinese.
However, their mean triceps skinfold is, unexpectedly,
lower (P<0.05). The mean TSF of the Singaporean
Chinese females was 21.5+7 mm, as compared to only
18.915 mm in the Chinese American females. The
Chinese American males also have a higher mean BMI
value than their counterparts in Singapore (P< 0.05), and a
lower mean TSF value, but the difference in TSF does not
achieve statistical significance (P=0.3). The median TSF
of the Chinese American youths is almost the same as that
of the Singaporean Chinese.

When compared with US growth reference data from the
National Health and Nutrition Examination Surveyls,
mean and median values of BMI of the Chinese
Americans are lower, but TSF values are different only
among females.

Correlations between BMI and TSF

Spearman's rank correlation coefficients between BMI
and TSF are shown in Table 3. These coefficients, rather
than Pearson's correlation coefficients, were used since the
numbers were relatively small and the distributions of
BMI and TSF were not normal. It is noted that the correla-
tions for both males and females are lower in the Chinese
American than in the Singaporean Chinese cohort. They
are also lower than Pearson correlation coefficients for
American youths of European originzo.
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Figure 1. Distribution of body mass index and triceps skinfolds in (a) male and (b) female youths. B Singaporean Chinese §§ Chinese

American.

in the Singaporean Chinese, particularly among the females.
These observations support the conclusion of previous
researchers that environmental factors maly have influenced
the body composition of the two cohorts>"?, and that these
influences may interact with gender23. Johnston et al. in an
extensive review of the use of equations for predicting esti-
mates of body composition, concluded that such equations
can, at best, be used only for genetically and ‘environmen-

tally’ similar groups21. Recently, Hazuda and co-workers™
found that socio- economic status (SES) and structural
assimilation (entrance into the social structure of the host
society) predicted body fat distribution in Mexican
Americans, and that these associations were different for
females and males. In particular, SES was positively associ-
ated with waist-to-hip ratio in men but inversely associated
with skinfold thickness and waist-to-hip ratio in women. In

Table 2. Comparison of means and medians for height, weight, BMI and triceps skinfold of Singaporean-Chinese and Chinese-American

youths.

MEASURE FEMALES MALES

HEIGHT (cm)

Group Singaporean Chinese in Americans Singaporean Chines in Americans
Chinese California (NHANESII)® Chinese California  (NHANES II)*
(n+108) (0=30) (n=123) (n=26)

MeantSD 159.445.3 159.7+5.4 163.5£5.6 170.615.6* 173.615.6* 176.5+6.7

Median 159.5 158.4 1163.7 170.7 173.7 176.9

WEIGHT (kg)

Group Singaporean Chinese in Americans Singaporean Chinese in Americans
Chinese California (NHANESII)* Chinese California (NHANES II)*

MeantSD 51.549.0 54.246.0 60.2+11.0 62.5+11.6+ 70.3+9.4+ 71.7£11.6

Median 49.5 54.6 57.1 61.1 69.5 69.5

BMI(kg2)

Group Singaporean Chinese in Americans Singaporean Chinese in Americans
Chinese California (NHANESID)* Chinese California  (NHANES II)*

MeantSD 20.243.1* 21.242.2% 22.644.2 21.443.8* 22.6+2.8* 23.5+3.6

Median 19.5 21.3 21.6 20.8 225 23.0

TSF(mm)

Group Singaporean Chinese in Americans Singaporean Chinese in Americans
Chinese California (NHANESID® Chinese California (NHANES II)*

MeantSD 21.5+6.9* 18.944.7* 20.7+8.6 13.116.6 11.9+4.0 11.616.5

Median 20.8 179 19.0 114 112 10.0

®Najjar and Rowland (1981)*®
*P<0.05(two-tailed t-test); +P<0.01 (two-tailed t-test)
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Table 3. Spearman’s correlation coefficients between body mass
index (BMI) and triceps skinfolds (TSF) in Singaporean Chinese
and Chinese-American youths.

Males Females
Singaporean Chinese, 0.78 (P<0.001) 0.64 (P<0.001)
17-22 years, 1992 (n=231) (n=123) (n=108)
Chinese American, 0.65 (P<0.001) 0.51 (P<0.001)
17-22 years, 1992 (n=56) (n=26) (n=30)
American youths, aged
16-18 years 0.72 0.74

women only, structural assimilation was inversely associated
with BMI and subscapular-to-triceps skinfold ratio (an index
of truncal or central body fat distribution). Neither cultural or
structural assimilation was related to obesity or body fat dis-
tribution in men.

Further, although both BMI and TSF have been widely used
to assess obesity in the United States, their validity as indica-
tors of obes1ty in ethnic Chinese populations must be ques-
tioned'”. Garn et al. have noted that since weight is the
numerator in BMI, BMI may reflect lean and fat tissue to a
comparable degree. Furthermore, BMI may be influenced by
relative sitting height (sitting height/stature) to the extent that
shorter-legged individuals may have BMI values that are
higher by as much as 5 units®. The latter is especially rele-
vant in the comparison of Chinese populations living in dif-
ferent environments. Studies of Chinese children and youths
in Hong Kong have shown a secular trend in the relative sit-
ting height of Chinese youths suggesting that body propor-
tions may be influenced by changes in the environment™.
Thus, differences in the environment of the Chinese
Americans and the Singaporean Chinese may contribute to
differences in body composition and body proportion, and
suggest a need for defining appropriate standards of obesity
for these populations. In an earlier paper”, we suggested
that the development of these standards should be based not
only on population-specific reference data but also on an
understanding of how these standards reflect body fat distrib-
ution and their association with morbidity and mortality.

Another relevant observation is that the correlations
between TSF and BMI were different between the Chinese
Americans and the Singaporean Chinese, and were lower in
the Chinese American cohort. This suggests that there may be
less homogeneity in the ‘environment’ (including cultural
practices relating to food) of the Chinese Americans, almost
all of whose parents are first generation immigrants to the
United States. Thus, it is postulated that immigrant popula-
tions require a period of time to adjust their lifestyles and the
rates of acculturation are subject to individual variation.

Acculturation involves continuous and intense contract
between two previously autonomous cultures, and often
leads to changes in one or both systems 525 One obvious
change during the acculturation process that may impact on
growth relates to dietary patterns.

Dietary patterns

Macronutrient intakes. The distribution of the intakes of
calories, fat, protein and carbohydrate of both cohorts are
shown in Figures 2-5. Mean and median intakes of their
macronutrients are given in Table 4. The mean caloric and fat
intakes of the Singaporean cohort (2500 kcal and 73 grams,
respectively) are lower but not inconsistent with the avail-
ability of calories and fat per person for the nation (Food

availability is the total quantity of a food produced, imported,
and in stock minus the amount exported, put to industrial, or
other non-food consumption use, fed to livestock or used for
seed, and lost during storage or transportation). Based on
FAO statistics, energy availability amounted to 2882 kcal
and fat availability to 80.9 grams in 198688 in Slngapore

Mean and median estimates of energy, protein, fat and car-
bohydrate intakes are all higher in the Singapore cohort than
in the California cohort. While it may seem that the higher
macronutrient intakes in the Singapore youths is biologically
congruent with the higher adiposity level in this population,
as indicated by higher triceps skinfold, there are at least two
methodological reasons why this observation cannot be sup-
ported.

First, the validation study suggests that the dietary question-
naire may estimate nutrient intakes somewhat differently for
the two cohorts. This may be partly due to the higher fre-
quency of consumption of Chinese mixed (stir-fried) dishes
among the Singaporean Chinese which makes it difficult to
assess the proportion of meat/fish in the ‘midst’ of vegetables.
For example, a person who consumes small amounts of
chicken and pork in two separate mixed dishes at one meal is
probably more likely to over-estimate the consumption of
meat than an individual who is served a 3 oz piece of steak.
Certainly, the protein intakes of the Singapore cohort are very
high, based on current recommended allowance for protein
for the US populatlon2 , and also on protein availability fig-
ures for Singapore. In 1981-83, FAO estimated that 74.5
grams of protein were available per person. The mean protein
estimate for the Singaporean cohort studies was 114 grams.
Another reason for the high macronutrient estimates among
the Singaporean Chinese may be the use of a plate size (10")
that was larger than that commonly used by food stall holders
(7-8"), for photographing portion sizes shown in the diet
questionnaire. Although subjects were shown an actual sized
picture of the plate pictured in the questionnaire, they may
have difficulty in assessing the actual portions of food con-
sumed. Second, the validation study of the dietary question-
naire shows that only mean estimates of fat agree with
corresponding values from food records.

On the other hand, the findings that Chinese American
females consumed a lower mean caloric intake than
Singaporean Chinese may also reflect a greater conscious-
ness of dieting and the value of thinness in American soci-
ety ® The generally higher socio-economic level of the
Chinese American cohort may also partly explain their lower
caloric intakes. Although it is commonly assumed that the
more wealthy eat more, this is true perhaps only in develop-
ing societies where food scarcity is a problem. In developed
countries, an inverse relationship between caloric intake and
socio-economic status has been observed”

Frequency of consumption of selected food items. The dietary
questionnaire elicited information relating to both the fre-
quency of consumption of 120 individual foods and the usual
portions consumed. Since there are apparent problems with
the estimation of portion size particularly in the Singapore
cohort, a comparison of only the frequencies of consumption
of individual food items as well as food groups was made.
The food groups were arbitrarily selected to provide a system
of classification that reflects broad groups within which indi-
viduals tend to substitute food items. These groups were
grains (including breads, rice and noodles), fish and shellfish,
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Table 4. Means and medians of macronutrient estimates.

FEMALES Males
Nutrient Singapore  California  Sig Singapore  California Sig Singapore California  Sig
(n= 145) (n=72) (n=89) (n=34) (n=56) (n=28)
Energy(kcal)
Mean 2523+1128 20314840  § 20811698 16794574  § 3225+1317 24591920
Median 2363 1856 - 2070 1666 - 3251 2326
Fat(g) .
Mean 72.5+£39.5 59.2433.8 T 57.9425.0 46.6£19.7 § 95.6+46.9 7454409 %
Median 66.3 50.6 - 55.9 39.8 - 91.5 59.0 -
Protein(g)
Mean 113.5£60.4  75.6132.4 § 93.9+35.9 63.8+23.6 § 144.7+76.7 90.3+35.7 §
Median 105.5 68.1 - 90.5 60.7 - 138.6 84.1
CHO(g)
Mean 354.8£155.4 300.7£122.0 § 298.2+106.4 254.1198.6 NS 44471782 3574£125.1 i
Mean 3342 280.5 - 288.6 2322 - 406.9 333.0 -
%fat
Mean 252452 25.846.3 NS 24.745.2 25.1#6.1 NS 26.1+5.3 26.816.5 NS
Median 25.7 252 - 24.7 25.1 - 26.1 25.6 -
% protein
Mean 18.0+4.3 15.0+3.2 § 18.21+4.0 15.2+3.4 § 17.744.8 14.843.1 §
Median 17.1 -14.9 - 174 15.1 - 16.9 145 -

*P-value computed using the t-test 1 P<0.05; $P<0.01; § P<0.001.

meats (including poultry), processed meats, dairy products,
vegetables, fruit and snacks (including deserts). Sixteen food
items which could not be classified into any of these groups
were analyzed individually.

Singaporean Chinese youths tended to consume more fish and
shellfish products, and grains, and less processed meats, dairy
products, and snacks. There were no significant differences in
the consumption of meat (including poultry), fruits, and veg-
etables (see Figure 6). A comparison of individual food items
showed significant differences in the mean frequencies of con-
sumption of 68 of the 120 food items. Table 5 (a) provides a list
of the items for which the mean frequencies of consumption
differed by at least 3 times between the two cohorts, in
descending order of magnitude of difference. In contrast, Table
5 (b) provides a list of food items for which the difference in
mean frequency of consumption is no more than 1.5-fold.

Items that are traditionally ‘Chinese’ foods such as fish-ball,
soya milk, rice porridge, and dried salted fish, tended to be
consumed more frequently by the Singapore cohorts.
‘Western’ foods such as cheese and milk were consumed
more frequently by the California cohort. Also, beef which is
more popular in European cultures than Asian cultures was
consumed about four times more frequently by the Chinese
American youths than by their Singaporean counterparts.

Times/month
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Figure 6. Mean frequency of consumption of selected food groups.

Certain food items that were more ‘neutral’ in terms of their
cultural identity, such as soda, cookies and bread were con-
sumed with the same mean frequencies in both cohorts. The
mean frequencies of consumption of several food items were
surprisingly similar between the two cohorts. These included
tofu, mangoes, Chinese teas and French fries. The similarity
in the frequency of consumption of tofu may be due to the
promotion of tofu as a ‘health, low fat food’ in California,
and its ready availability in the grocery stores of urban
California. While most tropical fruits were consumed much
more frequently by the Singaporean Chinese, mangoes were
consumed with equal frequency in both cohorts. However,
unlike most of the other tropical fruits, mangoes are often
available in both regular grocery stores, and in the Chinese
markets of the Bay Area. Although Chinese teas often
accompany traditional Chinese meals, the frequency of its
consumption in both cohorts was rather low (about four times
a month). In Singapore, the consumption of Black or
‘English’ teas is popular, and this may explain the low con-
sumption of Chinese teas. Among the Chinese American
youths, it is h highly likely that plain water, sodas or juices
are more popular than Chinese teas during meal times. The
low mean frequency of consumption of French fries in the
Chinese American cohort is surprising. It is possible that the
highly educated subjects in our cohort have a dietary pattern
that is quite different from other youths. However, there is lit-
tle doubt that the process of acculturation has played a major
role in dietary changes among Chinese Americans.

Dietary changes and acculturation. Among immigrants, it
has been observed that the extent of dietary change is associ-
ated with the length of exposure to the new environment™,
the ability to speak the new 1anguage1°'33, and opportunities
for social contact with members of the new commu-
nity1°’33’34. A few studies of the food habits of Chinese
Americans and Canadians suggest that acculturation takes
place even among first generation immigrantslo'n. Analysis
of the dietary patterns of the Chinese Americans in this study
supports the observation that Chinese immigrants in the
United States are likely to adopt at least some of the food
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Table 5(a). Comparison of the mean frequency of consumption of selected food items between Chinese-American and Singaporean-
Chinese youths.

Food items for which the mean frequency of consumption (per month) differs between the two cohorts,
by a factor of more than three

1 2

Food item Cohort Mean SD Sig Ratio
Mangosteens Calif® 0.0026 0.0140 P<0.01 126.2
Spore’ 0.3280 0.8010
Kaya Calif 0.0671 0.0300 P<0.001 66.2
Spore 4.4441 8.5970

Rambutans Calif 0.0173 0.1060 P<0.05 36.5
Spore 0.6312 2.4010

Jackfruit Calif 0.0200 0.1280 P<0.01 21.2
Spore 0.4237 1.1990

Guava Calif 0.0306 0.0870 P<0.01 204
Spore 0.6241 1.5930

Fried fish ball Calif 0.2729 0.4560 P<0.001 111
Spore 3.0268 4.1830

Papaya Calif 0.2295 0.6400 P<0.001 8.8
Spore 2.0120 3.2200

Natural cheese Calif 5.1439 7.9120 P<0.001 83
Spore 0.6165 1.5060

Condensed milk Calif 1.4613 4.6290 P<0.001 8.1
Spore 11.8610 22.1000

Milk, low fat Calif 28.4148 27.0190 P<0.001 7.8
Spore 3.6637 8.3300

Chinese mustard Calif 0.8916 1.5420 P<0.001 6.8
Spore 6.0909 10.9650

Cereals Calif 12.3097 13.8540 P<0.001 6.5
Spore 1.9003 4.4940

Fishball, plain Calif 0.8419 1.4670 P<0.001 58
Spore 4.8747 6.6630

Liver, any kind Calif 0.1974 0.4030 P<0.01 5.5
Spore 1.0813 1.9690

Rice porridge Calif 1.5239 2.2700 P<0.001 5.0
Spore 7.6920 10.5510

Fresh fruit juice Calif 19.8639 25.1620 P<0.001 4.5
Spore 43718 6.0940

Soyal milk, fresh Calif 0.9839 3.9620 P<0.001 42
Spore 4.1397 6.3410

Beef, not mixed Calif 4.5452 5.7950 P<0.001 42
Spore 1.0821 2.1660

Hot chocolate Calif 1.8761 3.2590 P<0.001 4.2
Spore 7.8571 10.5190

Rice noodle, fried Calif 1.0787 1.6200 P<0.001 42
Spore 4.4781 5.709

Ham, deli meat Calif 9.6219 10.0280 P<0.001 39
Spore 2.4794 4.2090

Corn Calif 4.5077 5.060 P<0.001 3.9
Spore 1.1651 2.2500

Durians Calif 0.1948 1.1280 39
Spore 0.7494 2.2440

Chinese doughnut Calif 0.3981 0.7410 P>0.01 3.8
Spore 1.5298 2.9260

Beef and veg. mixed Calif 6.0103 6.2810 P<0.001 33
Spore 1.8062 5.5400

Processed cheese Calif 5.8000 8.1690 P<0.001 33
Spore 1.7653 3.6700

Dried shimp Calif 0.6052 1.1420 P<0.05 3.2
Spore 1.9294 4.1800

Apple juice Calif 6.0742 10.4450 P>0.001 3.2
Spore 1.9142 3.8690

Dried, salted fish Calif 0.5806 2.5650 P<0.01 3.1
Spore 1.8250 3.1000

Peaches Calif 3.7942 6.0430 P<0.001 3.1
Spore 1.2151 2.8720

Veal, not mixed Calif 0.1826 0.3900 31
Spore 0.5693 2.5030

Fish, any kind Calif 3.9471 5.2290 P<0.001 31
Spore 12.1311 13.6830

Bananas Calif 10.3198 13.2580 P<0.001 3.0

Spore 3.3796 4.7900
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Table 5(b). Similarities in the mean frequency of consumption of selected food items of Chinese-American and Singaporean-
Chinese youths.

Food items for which the mean frequency of consumption (per month) differs between the two cohorts,
by a factor of no more than 1.5

1 2

Food item Cohort Mean SD Sig Ratio

Carrots Calif® 6.4606 7.3290 P<0.05 15
‘ Spore* 4.3756 5.4620

Non-carbonated drinks Calif 14.2839 20.1880 . 1.4
Spore 9.8432 16.9620

White potatoes Calif 4.5129 5.5430 14
Spore 3.2152 6.4690

Jams Calif 5.3794 7.6180 1.4
Spore 3.8342 7.7840

Eggs Calif 9.8465 9.7350 14
Spore 13.7561 22.6530

Watermelon Calif 22152 4.5000 14
Spore 3.0240 3.9090

Nuts Calif 2.5981 3.9270 1.3
Spore 1.9352 2.7480

Pineapple Calif 0.9276 1.3680 1.3
Spore 1.2314 2.4660

Milk, whole Calif 5.7677 17.5330 1.3
Spore 7.544 12.6940

Pease, long beans Calif 5.2723 5.5380 1.3
Spore 4.0845 5.1500

Peanut butter Calif 4.5903 6.6960 1.3
Spore 3.6013 6.7910

Cabbage Calif 4.3813 3.7480 13
Spore 5.5840 7.6880

Citrus fruits Calif 10.3226 8.7110 13
/ Spore 8.1251 9.9340

Ice Cream Calif 4.3839 4.9220 12
Spore 3.5301 5.0870

Canned meats Calif 2.7490 7.2350 1.2
Spore 2.3201 2.9530

Asparagus Calif 0.9723 1.9020 1.2
Spore 1.1365 2.9040

White bread, roll Calif 16.1703 21.7280 1.2
Spore 13.8469 11.2780

French fries Calif 3.5019 3.7590 12
Spore 3.0242 4.0000

Pears Calif3 3.2474 4.0350 1.1
Spore? 2.8427 4.0940

Glutinous rice Calif 0.8755 1.5980 1.1
Spore 0.7769 1.8430

Chicken and veg. mixed Calif 5.8439 5.2490 1.1
Spore 5.2507 9.2890

Chicken, not mixed Calif 4.9258 3.9100 1.1
Spore 5.3425 5.6740

Apples Calif 8.6747 8.2840 1.1
Spore 8.0125 8.5890

Other dark green veg. Calif 6.9548 9.6390 1.1
Spore 7.5277 9.8100

Regular wine Calif 0.2174 0.7290 1.1
Spore 0.2017 0.6320

Sausages Calif 2.0929 2.8760 1.1
Spore 1.9459 2.7190

Tofu Calif 5.2710 6.3520 1.1
Spore 49159 5.5290

Sherbert Calif 0.5555 1.0880 1.1
Spore 0.5909 1.3350

Carbonated drinks Calif 16.5316 22.3030 1.1
Spore 15.7067 28.6760

Bacon Calif 1.0903 3.8890 1.0
Spore 1.1296 2.9700

Dumplings pork Calif 1.9677 4.1810 1.0
Spore 2.0368 3.1800

‘Wheat noodle soup Calif 2.6071 8.1620 1.0
Spore 2.6575 4.0840

Green squashes Calif 1.5961 3.0360 1.0
Spore 1.6043 2.6450

Fried rice Calif 3.2697 4.3590 1.0
Spore 3.2704 5.9510

!Statistical significance of the difference between the means of the two cohorts, using the two tailed t-test. If no P-value is given, the difference is not
significant. *Ration = higher mean frequency/lower mean frequency. “n =62; "n= 187.
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habits of their new culture. What factors may help to explain
the acceptability of new foods into a diet?

The differences observed in the mean frequencies of con-
sumption of 68 of the 120 food items listed on the dietary
questionnaire suggest that the Chinese American youths con-
sumed ‘Western’ or ‘American’ foods such as dairy products,
breakfast cereals and processed meats more frequently than
their Singaporean counterparts. Many of these food products
are easily available in Singapore today so that availability is
not the primary reason for explaining these differences in
food preferences.

Fieldhouse™ has identified five factors that may influence
the acceptability of new food innovations in the market.
These are relative advantage, compatibility, complexibility,
trialability and observability. The greater the perceived rela-
tive advantage of an innovation, the more quickly it will be
accepted. Compatibility is the degree to which the innovation
is perceived as consistent with the existing values and needs
of the society. Complexibility is the degree of ease of use. A
trialable product or innovation represents less risk to the indi-
vidual group. A new soy-protein meat substitute can be tried
on a limited basis and represents little risk. Enriching all
wheat products with calcium and thereby changing their taste
is less ‘trialable’. Finally, observability is the degree to which
the results of an innovation are easily noted by others.

The foods that are consumed more frequently by the
Chinese Americans, such as dairy products, breakfast cereals
and processed meats are highly observable and are compati-
ble with the food values of American society, which pro-
motes the consumption of dairy products for the growth of
teens. Furthermore, the convenience of use of these products
is consistent with changing lifestyles accompanying chang-
ing family structures. In the Singapore cohort, despite the
availability of these products, and their relative advantage,
they are less compatible with the values of Singapore society.
First, these ‘convenience’ foods compete with freshly
cooked traditional foods (breakfast through supper) sold in
‘hawker’ centers that are conveniently located within walk-
ing distance of public housing in which more than 80% of the
population resides®. Secondly, cheese and dairy products
have never been highly acceptable in the traditional Chinese
diet. Lactose intolerance is common among the Chinese37’38,
and intestinal lactase deficiency due to genetic factors has
been implicated in lactose intolerance®®3°, However, the
higher mean consumption of dairy products among the
Chinese American participants suggests that lactase defi-
ciency may be acquired. Indeed, a theory of adaptation has
been proposed®’#°. Specifically, lactase deficiency could be
acquired from a lack of challenge from the substrate (from
diets low in lactose), resulting in a decrease in the enzyme. In
a comparative study of Australian-born Asians with Asian
students studying in Australia, the incidence of lactose intol-
erance was found to be much lower in the Australians*'. Thus
among the Chinese Americans, it is suggested that the
process of acculturation has encouraged the consumption of
dairy products. Conversely, without the motivational forces
of acculturation, it is less likely that Singaporean Chinese
will quickly adopt dairy products into their regular diet. A
study of 98 Singaporeans, aged 1-42 years, showed a high
prevalence of lactose intolerance due to lactase deficiency®.

Physical activity patterns
Differences in the physical activity patterns of the two

Table 6. Physical activity patterns.

Cohort Sedentary Sitting Light or Vigorous
activity (hrs) moderate activity
(hrs) act ivity (hrs) (hrs)
Chinese Americans
Both sexes (n=62) 9.442.1**  10.7+2.7**  3.2+1.5% 0.8+0.8
Female (n=34) 9.5£1.6 10.8+2.4 3.2+1.3 0.540.1
Male (n=28) 9.3+2.6%* 10.4+3.1%*  32+1.7¢* 1.130.8
Singaporean Chinese
Bothsexes (n=241)  10.7+2.9%*  8.6+3.1** 37+1.9* 1.0£09
Female (n=114) 9.9+2.7 10.0+£2.8 3.3t1.5 0.7+ 0.6
Male (n=127) 11.4£3.0%*  7.442.9%*  4,042.2% 1.241.1

* P<0.05 (difference between the Chinese Americans and Singaporean
Chinese).

**P<0.01 (difference between the Chinese Americans and Singaporean
Chinese).

cohorts are shown in Table 6. On average, Singaporean
Chinese youths spend more time in sedentary activities
(sleeping, lying down), less time sitting, and more time in
light or moderate activities (such as walking, shopping,
climbing stairs, cleaning). On average, the Chinese
Americans in our cohort spent almost two more hours than
the Singaporean Chinese in sitting down activities. This may
be due to the fact that there were more university students in
the Chinese American cohort than among the Singaporean
Chinese, particularly among the males. When this physical
activity information is analyzed by gender, similar observa-
tions are made. However, among the females, the cohort dif-
ferences in mean time spent on the various activities are not
statistically significant.

The mean time spent on vigorous activities per day was only
one hour in both cohorts. This was unexpected. With the
greater land space and value placed on ‘exercise and health’
in American society, one may have predicted that the Chinese
Americans were likely to engage in more vigorous exercise.
The value placed on academic success in Asian societies may
have pressured the Chinese American subjects to spend more
time in academic pursuits than in physical exercise. School
work as a deterrent to physical activity has not been investi-
gated in Asian populations. However, it has been perceived
to be a deterrent to exercise in female American adoles-
cents”. A recent national survey of physical activity in
Singapore, of individuals aged 18-69 years, showed that pro-
portionately fewer Chinese were classified as ‘high activity’
compared to the Malays and the Indians, the other two major
ethnic groups in the country44.

There were some differences in the responses of the two
cohorts to the question: ‘Compared to other individuals your
age, do you consider yourself: Very active — Active —
Somewhat active — Sedentary? This question was used as a
surrogate measure for activity status, and agreed relatively
well with the average daily number of hours spent on vigor-
ous activity (data not show). In particular, more of the chi-
nese American subjects considered themselves ‘sedentary’.
However, the differences do not achieve statistical signifi-
cance by chi-square analysis. The subjects’ responses are
shown in Table 7.

There were significant differences in the amount of time
spent watching television between the Singaporean and
American youths of Chinese ethnicity, see Table 8. During
young childhood (5-12 years), a greater proportion of
Singaporean Chinese spent more than two hours a day watch-
ing television (P<0.06). Similarly, during adolescence, pro-
portionately more Singaporean Chinese watched television
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Table 7. Subjects’ perceptions of activity status.

Cohort Very active Active  Somewhat Sedentary
active

Chinese Americans
Both sexes (n=60) 5(8%) 15(25%) 26(43%) 14(23%)
Female (n=32) 1(3%) 5(16%) 17(53%) 9(28%)
Male (n=28) L4(14%)  10(36%) 9(32%)  5(18%)

Singaporean Chinese )
Both sexes (n=218) 13(6%) 56(26%) 122(56%) 27(12%)
Female (n=102) 6(6%) 15(15%) 65(64%) 16(15%)
Male (n=116) 7(6%) 41(35%) 57(49%) 11(9%)

Using %2 analysis: Both sexes P<0.15; Females P<0.5; Males P<0.20.

Table 8. Proportion of participants who watched television for > 2
hours/day.

Cohort 5-12 years 1216 years

All week Weekdays  Weekends
Chinese Americans 37(65%) 30(55%) 47(84%)
Singaporean Chinese 214(79%) 185(68%)  239(89%)
Significance P<0.06 P<0.02 NS

for more than two hours a day, but only on weekdays
(P<0.05). Again, this may be partly due to the fact that most
Singaporeans live in apartments. While play-grounds are
available in Singapore, the hot and humid weather may dis-
courage parents from allowing their children to play out-
doors. It is also possible that the higher socio-economic level
of the Chinese American cohort may have influenced their
activity patterns. SES has been shown to be associated with
exercise patterns in White American adults®.

Limitations of the study

The major limitations of this study were the convenience
samples and the smallness of the cohorts. Thus, caution
should be used in generalizing the results to the populations
of Chinese American and Singaporean Chinese youths.
Further , the recruitment of subjects in Singapore included a
group of students from a polytechnic which had an obesity
screening program. From there, we recruited enough obese

subjects to reflect the known and prevailing prevalence of
obesity among youths in Singapore. We did not have such an
opportunity in California since obesity is not recognized as a
problem among Chinese American youths, and we are not
aware of any obesity studies or programs that target Chinese
Americans. Further, it is possible that our cohort in California
was highly selected on a basis which reflected higher socio-
economic background, and that the distributions of height,
BMI and TSF were narrower than they would have been'if
the sample had been randomly selected.

Another limitation of this study was the validity of the
dietary and physical activity assessment methodologies used.
Our dietary validation study was unable to provide conclu-
sive evidence of the validity of the macronutrient estimates
used in the analyses, due partly to the very small number of
participants. It appears that the Chinese American youths
were estimating usual dietary intakes somewhat differently
from Singaporean Chinese. Particularly, there is some evi-
dence of overestimation of intake among the Singaporean
Chinese males. The physical activity questionnaire was not
validated due partly to a lack of resources and partly to an
inability to motivate subjects to wear accelorometers for any
reasonable duration of time. However, there was good agree-
ment between the responses to the question that was chosen
as a surrogate measure for activity status (self-reports of
activity status), and reported average daily number of hours
spent on vigorous activity.

Conclusion

The rising prevalence of childhood obesity in newly industri-
alized nations is a challenge for public health researchers and
practitioners. This study suggests that there may be differ-
ences in body fat distribution and composition, as well as in
dietary and activity patterns, between ethnic Chinese youths
living in California and their counterparts living in the newly
industrialized nation of Singapore. Thus, there is a need to
develop obesity indicators that are appropriate for the spe-
cific populations involved, and to carefully investigate the
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Figure 7. A model to illustrate the concept and role of the physical, social and cultural environments in adiposity.
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environmental influences on childhood obesity.

Future research should focus not only on dietary and activ-
ity behavior, but should also investigate the roles of the phys-
ical, social and cultural environments46, and their effects on
lifestyle. For example, changes in the family environment
that may promote undesirable dietary and activity patterns
among children may be more fundamental causes of child-
hood obesity than dietary preferences alone. An import ques-
tion to ask is: How are dietary and activity patterns affected
by environmental changes? A model is proposed to illustrate
the inter-connection between health-related human behaviors
and the physical, social and cultural environments (Figure 7).
In this model, public health intervention strategies must
include attempts to coordinate efforts with professionals
from other disciplines such as social work, anthropology, and
psychology, and even with the business community which
has employed marketing strategies to change consumer
behavior, Disease prevention in the realm of public health has
expanded its approach from a concern with sanitation and
immunization to healthy living. In this light, increasing
emphasis must be given to developing a more integrated
approach to disease prevention and health promotion at all
levels — research, intervention and policy.
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EAFVEHEME BRABTEHBRN
FmkEA LHFEAN WK

HE

BEFEF ) FFRBELEVN MEFFSHEAYTECENBRA MoK
MR THMEPLAEALF TSR PHREss (BM) @M gaE (
TSF) » BB HETHEAPRT LR c AEAFARNMKFEATRIY
BMI s $¢4k49 TSFo A iRt » HmBEFAF I FHTERARPHHY
2o HERASAFSENBEAMIAR  PUALSPRERD G REKS o ik
KEAERKEE s RENTRAA YR ABGTHYREBRS >  HEAFAMNR
S HARVMERAAVOARLBF o X XA WHFA B R K BAA  RF Hatsf
e EANER ) RENRYPRAREIARY c ARTEY T & 0 Mk E
AFTEHSLEZH BIEFERPTEAE o RENR T FANA
EWMRAE— I RAMUFERETEAAPH RV EAF S FATRAGERE
Stk ABARANBAREGRX AERAELASHTAFHRAE
BE FERBARERERIFREEGEE



