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Socioeconomic Status and Overweight/obesity in an Adult Chinese Population in
Singapore

BBAACCKKGGRROOUUNNDD:: Studies from industrialized Western countries have reported an inverse association
between socioeconomic status and overweight/obesity. In contrast, few studies from newly industrial-
ized countries in Asia have examined this association. In this context, we examined the association
between socioeconomic status and overweight/obesity by gender in Chinese adults in Singapore.
MMEETTHHOODDSS:: A population-based cross sectional study of 942 participants (57.3% women, 40-81 years)
residing in the Tanjong Pagar district of Singapore was conducted. Education, income, and housing
type were used as socioeconomic status indicators. Main outcome-of-interest was the presence of
overweight/obesity (n=313), classified by body mass index as overweight (25� 29.9 kg/m2), or obese
(≥30 kg/m2)
RREESSUULLTTSS:: The prevalence of overweight/obesity was 33% in men and 34% in women. In men, SES
indicators were not associated with overweight/obesity. In women, SES indicators were found to be
inversely associated with overweight/ obesity. Compared to women with secondary/higher education,
the odds ratio (OR) (95% confidence interval [CI]) of overweight/obesity in women with primary/lower
education was 2.5 (1.5-4.0). Compared to women earning > Singapore dollar (SGD) 1,000 per month,
the OR (95% CI) of overweight/obesity among women earning ≤SGD 1,000 was 2.5 (1.4-4.5).
Compared to women living in large size public apartments or private houses, the OR (95% CI) of over-
weight/obesity in women living in small/medium size public apartments was 1.8 (1.2-2.7). 
CCOONNCCLLUUSSIIOONNSS:: Lower socioeconomic status, defined by education, income, and housing type was
associated with overweight/obesity in Chinese Singaporean women.
J Epidemiol 2007; 17:161-168.
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Obesity is a global epidemic with the prevalence of obesity
increasing rapidly in both developed and developing countries.1 In
recent years there has been considerable interest in examining
socioeconomic variations in the prevalence of overweight/ obesi-
ty.2-9 Studies have shown that the association between socioeco-
nomic status (SES) and overweight/obesity may vary by econom-

ic development of populations, by gender, and by age.2,7,10-13 The
pattern of association varies by economic development of a coun-
try. In industrialized countries, persons of lower SES groups are
more likely to be overweight/obese than their higher SES counter-
parts,2,4,10 whereas in developing countries, high SES groups are
more likely to be overweight/obese.1,13-15 However, few previous
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had higher education levels, more likely to be professionals and
office workers, production operators or salespeople, lived in bet-
ter housing, and had higher individual income.

Measures
Height was measured in centimeters (cm) and converted to meters
for calculation of BMI and weight in kilograms (kg) on a single
automatic weighing scale with the person standing up without
shoes. BMI was derived from the ratio of person's weight divided
by the square of his height and recorded in kg/m2. Questionnaires
were used to collect information on participant's age, self-reported
individual monthly income, highest year of schooling completed,
housing type, and current smoking. Alcohol consumption was
rare in this population, and therefore not studied.

Definitions 
BMI was used to classify adults as overweight (25� 29.9 kg/m2),
or obese (≥30 kg/m2).31 Age was defined as the age at the time of
examination. Participants' age was categorized into 4 groups: 40-
49, 50-59, 60-69, and 70-81 years. A standard index of socioeco-
nomic status has not been developed in Singapore. We included
educational attainment, individual monthly income and housing
type as indicators of SES. Although occupation was also assessed,
it was not included as a SES indicator in our study, because it was
not available for all individuals, and occupation data collected on
homemakers and retirees were imprecise. Furthermore, the occu-
pational status as classified in Singapore is not ranked for socioe-
conomic status. Also, compared to occupation, educational attain-
ment has previously been shown to be a better SES indicator in
examining health related outcomes32 and assessing cardiovascular
risk factors.33 Persons were classified by educational level into
three categories: (1) primary or lower (≤6 years), (2) secondary
(7-10 years), and (3) post-secondary (≥11 years, including univer-
sity education). Individual monthly income was based in
Singapore dollars ((SGD) (approximate exchange rate of SGD1.5
= USD1.0)) and was ascertained by the question, "What is your
monthly income (before tax is subtracted)?" with the response
recorded into one of nine groups, but recategorized into three
groups for analysis: (1) low (≤SGD1000), (2) middle (SGD1001-
2000), and (3) high (>SGD2000). Housing type was classified as
follows: (1) small size public apartments (1-2 room), (2) medium
size public apartments (3 room), and (3) large size public apart-
ments (4-5 room) or private housing. Smoking status was catego-
rized into current smoking and non-smoking. 

Statistical Analysis
We performed separate analyses for men and women. Descriptive
analyses were performed for all variables and differences between
men and women using analysis of variance or chi square test, as
appropriate. Because the prevalence of obesity in the study popu-
lation was low, we combined overweight and obesity categories
to obtain adequate sample size. Unadjusted prevalence of over-
weight/obesity with 95% confidence intervals (CIs, using
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studies have examined the relationship between SES and over-
weight/obesity in newly industrialized societies from Asia such as
Singapore, Taiwan, Hong Kong, and South Korea, where the
prevalence of overweight/obesity is increasing.16-19 Also, some
previous studies have suggested that the health impact of SES
may not be the same in men and women.20-23 In affluent Western
societies, studies have reported an inverse relationship between
SES factors and obesity among women; similar relationship was
not evident among men.2,7,12,21,24,25 In contrast, in developing soci-
eties, a strong and direct relationship exists between SES factors
and overweight/obesity both among men and women.2,15,26 Studies
examining the relationship between SES and overweight/obesity
focusing on gender differences from industrialized Asian coun-
tries are limited. 

Singapore is a newly industrialized Asian country with approxi-
mately 76% of the population comprising of individuals of Chinese
ethnicity.27 A significant proportion of older Singaporean residents
are first generation migrants from southern China. In the present
study we examined the association between overweight/obesity and
SES measured by educational level, income and housing type, by
gender, in a population-based sample of Singapore adults.

METHODS

Study Population
The Tanjong Pagar survey was a population-based cross-sectional
survey of adult Chinese aged 40-81 years residing in the Tanjong
Pagar district in Singapore. The survey was conducted between
October 1997 and August 1998. Detailed population selection and
methodology have been previously reported.28-30 In brief, the 1996
Singapore electoral register in the district of Tanjong Pagar was
used as the sampling frame in this study. The electoral register
listed 15,082 Chinese names aged between 40 and 79 years resid-
ing in the district. Two thousand (13.3%) names were selected
using a disproportionate (with more weights given to the older
age groups), stratified, clustered, random sampling method. This
involved selecting residents randomly, 500 from each of 4 age
strata: 40-49, 50-59, 60-69 and 70-79 years, residing in 50 area
clusters defined by street name (out of a total of 84), located with-
in specified boundaries of the pre-designated study clinic. The
area clusters selected were those with the largest concentration of
persons in the district (82% of the population). Among the 2,000
names selected, 46 had died and 235 had moved to addresses out-
side the district before the study period, and 2 people were
excluded on grounds of ill health, leaving 1,717 subjects consid-
ered eligible to participate in this study. Among the 1717 subjects
eligible for the survey, 1232 (71.8% of eligible subjects) partici-
pated, and 1,090 (63.4%) attended the clinic examination. The
number of persons with data on body mass index (BMI) was
1,082. The final sample included for analysis, after eliminating
persons with missing information on the SES variables consid-
ered, was 942. Compared to those who were excluded in the final
analysis, those who were included were younger, taller, heavier,
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Ethical Issues
Informed written consent was obtained from all participants,

and ethics approval was obtained from the Singapore National
Eye Centre.

RESULTS

Demographic and behavioral characteristics of the study popula-
tion and the distribution of SES indicators by gender are shown in
Table 1. The study involved predominantly older individuals
(average age=58.0 years). Men were significantly more likely to
be current smokers, to have higher educational achievement, and
a higher income. Spearman correlation for men and women
between income and education was 0.51 and 0.57, between
income and housing type was 0.39 and 0.24, and between educa-
tion and housing was 0.39 and 0.32. 

In the whole cohort, 33% were overweight/obese, with a mean
BMI of 23.6kg/m2 (standard deviation of 3.8kg/m2). The mean
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CIPROP programme) by each SES indicator was calculated. The
association of education, income, and housing type with over-
weight/obesity was assessed using logistic regression models after
controlling for significant confounding factors (age and smoking
status); variables also considered as potential confounding factors,
but not included in the final model included diabetes (absent, pre-
sent), hypertension (absent, present) and systolic and diastolic
blood pressures (mm Hg). Tests for trend were performed using
each SES indicator as ordinal variable. Odds ratios (ORs) and
95% CIs of overweight/obesity were estimated by using the high-
est SES category as the reference for each SES indicator.
Statistical interaction between gender and each SES indicator was
examined in the corresponding logistic regression model by
including cross-product interaction terms. All reported p values
were based on two sided tests and compared to a significance
level of 5%. Statistical interaction was deemed significant if p-
interaction was <0.10. All analyses were performed using SAS®

version 9.1.
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Characteristic
Age (year)
Weight (kg)
Height (cm)
Body mass index (kg/m2)†

Overweight/obesity (%)‡

Current Smoker (%)
Educational level (%)

Primary or lower
Secondary
Post-secondary

Income (%)§

Low (≤1000 SGD)
Middle (1001-2000 SGD)
High (>2000 SGD)

Housing (%)｜

Small
Medium
Large/private

Table 1. Characteristics of participants in the Tanjong Pagar Study, Singapore.＊

Both genders
(n=942)

58.0 (11.0)
59.2 (11.7)
158.1(8.4)
23.6 (3.8)

33.2 (30.2-36.3)
19.1 (16.6-21.8)

65.4 (62.3-68.4)
26.8 (23.9-29.7)

7.9 (6.2-9.8)

68.2 (65.1-71.1)
19.6 (17.1-22.3)
12.2 (10.2-14.5)

18.4 (15.9-21.0)
53.7 (50.5-56.9)
27.9 (25.1-30.9)

Men
(n=402)

57.6 (11.0)
64.1 (12.1)
164.9 (6.3)
23.5 (3.7)

32.6 (28.0-37.4)
35.3 (30.6-40.2)

57.2 (52.2-62.1)
32.8 (28.3-37.6)
10.0 (7.2-13.3)

49.2 (44.3-54.3)
32.6 (28.0-37.4)
18.2 (14.5-22.3)

20.4 (16.6-24.7)
52.7 (47.7-57.7)
26.8 (22.6-31.5)

Women
(n=540)

58.3 (11.1)
55.5 (9.8)
153 (5.7)
23.7 (3.9)

33.7 (29.7-37.9)
7.0 (5.0-9.5)

71.5 (67.5-75.3)
22.2 (18.8-26.0)

6.3 (4.3-8.7)

82.2 (78.7-85.3)
10.0 (7.6-12.8)
7.8 (5.7-10.3)

16.9 (13.8-20.3)
54.4 (50.1-58.7)
28.7 (24.9-32.7)

p-value＊

0.33
<0.01
<0.01

0.48
0.72

<0.01

<0.01

<0.01

0.37

＊: P-value for the difference in characteristics by gender based on chi-square test or analysis of variance, as appropriate.
Data presented are means (standard deviations [SD]) or proportions (95% confidence interval), as appropriate for the
variable.

†: Body Mass Index (BMI) was calculated as weight (in kg) divided by height (in m2).
‡: Overweight/obesity was defined as BMI ≥ 25 Kg/m2.
§: Income was based on individual monthly income in Singapore dollars (SGD).
｜: Housing: (1) small size public apartments (1-2 room), (2) medium size public apartments (3 room), and (3) large

public apartments (4-5 room) or private housing.



ciated with overweight/obesity (p<0.05). The prevalence of over-
weight/obesity was highest (37%) among low income earners
among women. Among the 3 housing types we examined, majori-
ty (54%) of the study population lived in medium housing (3
room public apartments) in both genders. In women the lowest
prevalence of overweight/obesity (25%) was observed among
those with large housing (>3 room or private housing). These
associations with education, income, and housing type were not
observed in men. 

Table 3 shows the OR of overweight/obesity in relation to SES
by gender. Among women, in separate analyses, lower categories
of educational level, income, and housing were positively associ-
ated with overweight/obesity; similar association was not
observed in men. To formally evaluate the observed effect modi-
fication of SES and overweight/obesity by gender, we included
cross product interaction terms in the corresponding multivariable

SES and Overweight/obesity in Chinese Adults

BMI decreased with increasing levels of education, (p-trend
<0.0001). Current smokers had lower BMI. Increasing age cate-
gories had a lower prevalence of overweight/obesity and lower
BMI, (p-trend <0.05). In a linear regression analysis, BMI was
found to be inversely related to increasing age categories (indica-
tor variable), after adjusted for education (β= -0.041, SE=0.012,
p=0.0007)

The prevalence of overweight/obesity by SES indicators and by
gender is shown in Table 2. An inverse relationship was observed
between the level of education and the prevalence of
overweight/obesity in women (p<0.01). Prevalence of over-
weight/obesity was highest (38%) among the primary or lower
educated women and lowest (12%) among women with post-sec-
ondary education (Table 2). In men, the prevalence of over-
weight/obesity was also lowest (23%) among those with post-sec-
ondary education. Among women, income was significantly asso-
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Educational level
Primary or lower
Secondary
Post-secondary

Income(SGD)†

Low (≤1000)
Middle (1001-2000)
High (>2000)

Housing‡

Small 
Medium 
Large/Private 

Age (year)
40-49
50-59
60-69
70-81

Current Smoking
No§

Yes

Total sample

Table 2. Prevalence of overweight/obesity by socioeconomic status (SES) and other selected factors in men and women.

No. at
risk

230
132
40

198
131
73

82
212
108

119
99
115
69

260
142

402

Mean BMI＊

(SD)

23.4(3.9)
24.0(3.3)
22.5(3.4)

23.0(3.9)
23.9(3.6)
24.1(3.2)

22.3(4.1)
23.7(3.6)
23.9(3.5)

23.9(3.4)
24.2(3.7)
23.5(3.9)
21.7(3.5)

24.0(3.5)
22.6(3.9)

23.5(3.7)

Prevalence (%) of
overweight (95% CI)＊

33 (27 - 40)
35 (27 - 44)
23 (11 - 38)

28 (22 - 35)
38 (30 - 47)
36 (25 - 48)

23 (15 - 34)
35 (29 - 42)
34 (25 - 44)

34 (25 - 43)
38 (29 - 49)
36 (27 - 45)
17 (9 - 28)

38 (32 - 44)
23 (17 - 31)

33 (28 - 37)

No. at
risk

230
132
40

198
131
73

82
212
108

119
99
115
69

260
142

402

Mean BMI＊

(SD)

23.4(3.9)
24.0(3.3)
22.5(3.4)

23.0(3.9)
23.9(3.6)
24.1(3.2)

22.3(4.1)
23.7(3.6)
23.9(3.5)

23.9(3.4)
24.2(3.7)
23.5(3.9)
21.7(3.5)

24.0(3.5)
22.6(3.9)

23.5(3.7)

Prevalence (%) of
overweight (95% CI)＊

33 (27 - 40)
35 (27 - 44)
23 (11 - 38)

28 (22 - 35)
38 (30 - 47)
36 (25 - 48)

23 (15 - 34)
35 (29 - 42)
34 (25 - 44)

34 (25 - 43)
38 (29 - 49)
36 (27 - 45)
17 (9 - 28)

38 (32 - 44)
23 (17 - 31)

33 (28 - 37)

Men (n=402) Women (n=540)

＊: BMI: Body Mass Index (kg/m2); CI: confidence interval
†: Income was based on individual monthly income in Singapore dollars (SGD).
‡: Housing: (1) small size public apartments (1-2 room), (2) medium size public apartments (3 room), and (3) large public apartments

(4-5 room) or private housing.
§: Non-smoking and previous smoking



the overall results were similar to Table 3. Finally, in a supple-
mentary analysis that incorporated sampling weights in the logis-
tic regression models, the results were similar.

DISCUSSION

In this study, data from a representative sample of Chinese popu-
lation aged 40-81 years in Singapore suggests that low SES,
defined by categories of education, income, and housing, was
associated with a higher prevalence of overweight/obesity in
women. In men, no significant relations between these SES indi-
cators and overweight/obesity were found.

The overall prevalence of overweight/obesity in the current
study was 33%, similar to previous reports from national surveys
in Singapore conducted by the Ministry of Health (33% in 2004
and 30% in 1998).16,34 In the present study, current smoking was
inversely associated with overweight/obesity, a finding similar to
previous studies.35-37 These consistent findings with previous stud-
ies indirectly suggest that our results have reasonable internal
validity.

In the current study, SES was found to be inversely associated
with overweight/obesity among adult Singaporean women. In our
study, we used commonly used measures of SES such as educa-
tion, income, and housing to assess the prevalence of over-
weight/obesity. These findings from Singapore, a newly industri-
alized Asian country, are similar to the previously reported
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models. There was a significant gender × educational status
interaction (p-interaction=0.03), gender × income interaction (p-
interaction=0.003), and gender × housing type interaction (p-
interaction=0.03). 

We performed several sets of supplementary analyses. First, we
examined the association between SES variables and overweight/
obesity after excluding men and women in the oldest age group
(70-81 years). Among women, the multivariable OR (95% CI) of
overweight/ obesity was 2.33 (1.43-3.79) for educational level
(primary or lower vs. secondary or higher [referent]), 2.32 (1.31-
4.13) for income (≤SGD1000 vs. >SGD1000 [referent]), and 1.94
(1.22-3.08) for housing (small and medium size public housing
type vs. large size public apartments or private houses [referent]).
Among men, the multivariable OR (95% CI) of overweight/ obe-
sity was 1.40 (0.86-2.29) for educational level, 0.91 (0.54-1.52)
for income, and 1.04 (0.62-1.72) for housing. 

In a second supplementary analysis, we tested the association
of employment with overweight/obesity. In women the preva-
lence of overweight/obesity was 37.7% among unemployed and
30.4% among employed participants (p=0.11) whereas in men the
prevalence was 31.6% among unemployed and 32.6% among
employed participants (p=0.92). The multivariable OR (95% CI)
of overweight/obesity for employment (unemployed vs. employed
[referent]) was 1.43 (0.98-2.09) among women and 0.95 (0.35-
2.62) among men. In another supplementary analysis, we per-
formed stratified analysis by age category (<60 years, ≥60 years);
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SES category
Educational level§

Primary or lower
Secondary or higher
p value

Income(SGD)†§

Low (≤1000)
Middle and High (>1000)
p value

Housing‡§

Small and Medium
Large/Private
p value

Table 3. Odds ratios (ORs) and their 95% confidence intervals (Cis) for the prevalence of overweight/obesity in relation to 
socioeconomic status (SES)  in men and women.

No. at
risk

230
172

198
204

294
108

No. of
cases

76
55

55
76

94
37

Unadjusted OR
(95% CI)

1.1 (0.7-1.6)
1.0 (Reference)

0.82

0.7 (0.4-1.0)
1.0 (Reference)

0.04

0.9 (0.6-1.4)
1.0 (Reference)

0.66

Adjusted OR＊

(95% CI)

1.4(0.9-2.3)
1.0 (Reference)

0.13

0.8 (0.5-1.3)
1.0 (Reference)

0.41

1.0 (0.6-1.7)
1.0 (Reference)

0.91

No. at
risk

386
154

444
96

385
155

No. of
cases

147
35

162
20

143
39

Unadjusted OR
(95% CI)

2.1(1.4-3.2)
1.0 (Reference)

<0.01

2.2 (1.3-3.7)
1.0 (Reference)

<0.01

1.8 (1.2-2.7)
1.0 (Reference)

<0.01

Adjusted OR＊

(95% CI)

2.5 (1.5-4.0)
1.0 (Reference)

<0.01

2.5 (1.4-4.5)
1.0 (Reference)

<0.01

1.8 (1.2-2.7)
1.0 (Reference)

<0.01

Men (n=402)

＊: Adjusted for age and smoking status
†: Income was based on individual monthly income in Singapore dollars (SGD)
‡: Housing: small size public apartments (1/2 room), medium size public apartments (3 room), and large size public apartments 

(> 3 room) or private housing
§: P-interaction for sex and income=0.003, sex and education=0.03, and sex and housing=0.03



BMI35-37 may contribute to inconsistent associations between
socioeconomic position and BMI among men2 particularly given
our crude measure of smoking.

Our findings are also similar to studies involving adolescents,
which showed a strong inverse relationship of SES to overweight
prevalence in white adolescent females.12,53 Similar analogous
findings are noted in cardiovascular studies where low SES exerts
a stronger adverse influence on cardiovascular risk factors of
women than it does on those of men54,55 and in diabetic studies
where a negative association between SES and prevalence of dia-
betes was found only among women.49,56

Not all studies have consistently shown these gender patterns.
In the 1996 Health Survey in England, higher educational attain-
ment was associated with a lower risk of obesity/overweight in
both men and women, although higher occupational status was
associated with a lower risk only among women.20 An inverse
association between obesity and education was found only in men
in Finland.57

Because of the cross-sectional nature of the survey, it is diffi-
cult to determine whether there is a temporal relationship between
SES and overweight/obesity. We do not have information on
physical activity or other relevant lifestyle factors which could
confound the observed association. Also the lack of information
on household income, marital status, or the size of the family
would be a potential limitation, because SES of women would
more likely to be influenced by these factors. Further, it is possi-
ble that the associations seen in our Chinese population in
Singapore may differ from other ethnic groups, with dissimilar
genetic and environmental exposures, different distributions of
height and weight and higher rates of obesity. The strengths of
our study includes the use of population based sampling strategy,
the use of measured rather than self-reported heights and weights
to calculate BMI, the availability of several indicators of SES, and
the inclusion of potentially confounding variables in the multi-
variate analysis. We believe that our study sample is fairly repre-
sentative of the adult Chinese population in Singapore for the fol-
lowing reasons: (1) Tanjong Pagar district is centrally located in
Singapore and includes a representative range of social and eco-
nomic backgrounds and housing types, and (2) we selected sub-
jects using a variation of the stratified, random sampling strategy
from the population-based electoral register which is regularly
updated by Elections department under the Prime Minister's
office and almost 100% complete.58

In conclusion, lower SES as defined by education, income and
housing type was associated with a greater risk of overweight/obe-
sity only in women. In men no significant associations between
SES indicators and overweight/obesity were found. The observa-
tion of gender differences and SES differences in overweight/obe-
sity warrants further research to investigate the underlying reasons
and to plan appropriate public health intervention strategies.
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inverse association between SES variables and overweight/obesi-
ty in developed Western societies.2,7,21,24,25 Also, as expected, these
results are dissimilar to reports of a direct, positive association
between SES and overweight/obesity in developing countries
from Asia.15,26

Previous studies in adults show that SES is one of the most
consistent correlates of body weight.2,7,38-40 SES factors such as
education, income, and closely related occupation are related to
variations in behaviors which change energy consumption, energy
expenditure and metabolism.41 Education enables people to inte-
grate healthy behaviors (e.g., specific dietary patterns, lack of
exercise), into a coherent lifestyle, gives them a sense of control
over their health42 and limits exposure to negative influences asso-
ciated with the social and physical environment in which one
lives and works.43 Income may reflect access to medical care
resources, good housing and working conditions, and provides
opportunities for healthy lifestyles.44 Also higher SES is positively
associated with weight control behaviors such as physical activi-
ty, access to healthy foods, and less time spent watching televi-
sion.2,45-47 Based on our findings, a corollary observation is that the
previously reported association between low SES and mortality48

may be explained, at least in part, by the association between low
SES and overweight/ obesity.

In the current study, we found that an inverse association
between SES factors and overweight/obesity was present only in
women, but not in men. These are consistent with previous stud-
ies on gender differences in the risk of overweight/obesity and
SES classes.20-22,24,39,49 In a prospective birth cohort study, adult
social classes were inversely related to overweight/obesity among
women, but not among men.24 In the US Third National Health
and Nutrition Examination Survey (NHANES III), 1988-1994, a
stronger, inverse association between SES and obesity was
observed in women compared with men.21 The KORA survey
2000 conducted in Germany, found a stronger inverse association
between BMI and SES indicators including education, income,
and occupational status in women. In men, these associations
were weaker or absent.49 In the 1998 Korean National Health and
Nutrition Examination Survey, education was inversely associat-
ed with obesity in women, but not in men.22

The observed gender differences in the relation between SES
and overweight/obesity may have a number of plausible explana-
tions. In developed/industrialized societies, men and women may
have different attitudes towards body weight and have different
practices for controlling body weight.45,50,51 In most Western soci-
eties, women hold a more negative attitude towards
overweight/obesity than men.50 Social pressure for slimness is
stronger among women than men, particularly among high SES
women,2 with associated dieting behavior45 and with more physi-
cal activity.52 Furthermore, the absence of association between
low SES and overweight/obesity in men could be explained by
the fact that low SES men were more likely to have physically
demanding occupations, which reduced the risk of obesity, than
high SES men. Also, the association of smoking with a lower

166



or adding to undernutrition? Evidence from different social
classes in Brazil. Public Health Nutr 2002; 5: 105-12.

15. Reddy BN. Body mass index and its association with socioe-
conomic and behavioral variables among socioeconomically
heterogeneous populations of Andhra Pradesh, India Hum
Biol 1998; 70: 901-17.

16. National health survey 2004. Obesity and Cigarette Smoking
[article online]. Available online from: http://www.moh.gov.
sg/mohcorp/uploadedfiles/Publications/Reports/2005/NHS_
2004(Part4).pdf [accessed Jan 04, 2007] 2005;1-13.

17. Chu NF. Prevalence of obesity in Taiwan. Obes Rev 2005; 6:
271-4.

18. Ho SC, Chen YM, Woo JL, Leung SS, Lam TH, Janus ED.
Association between simple anthropometric indices and car-
diovascular risk factors. Int J Obes Relat Metab Disord 2001;
25: 1689-97.

19. Kim DM, Ahn CW, Nam SY. Prevalence of obesity in Korea.
Obes Rev 2005; 6: 117-21.

20. Wardle J, Waller J, Jarvis MJ. Sex differences in the associa-
tion of socioeconomic status with obesity. Am J Public
Health 2002; 92: 1299-304.

21. Zhang Q, Wang Y. Socioeconomic inequality of obesity in
the United States: do gender, age, and ethnicity matter? Soc
Sci Med 2004; 58: 1171-80.

22. Yoon YS, Oh SW, Park HS. Socioeconomic status in relation
to obesity and abdominal obesity in Korean adults: a focus on
sex differences. Obesity 2006; 14: 909-19.

23. Paeratakul S, Lovejoy JC, Ryan DH, Bray GA. The relation
of gender, race and socioeconomic status to obesity and obe-
sity comorbidities in a sample of US adults. Int J Obes Relat
Metab Disord 2002; 26: 1205-10.

24. Langenberg C, Hardy R, Kuh D, Brunner E, Wadsworth M.
Central and total obesity in middle aged men and women in
relation to lifetime socioeconomic status: evidence from a
national birth cohort. J Epidemiol Community Health 2003;
57: 816-22.

25. Millar WJ, Stephens T. Social status and health risks in
Canadian adults: 1985 and 1991. Health Rep 1993; 5: 143-56.

26. Anonymous. Socio-economic status and risk factors for car-
diovascular disease: a multicentre collaborative study in the
International Clinical Epidemiology Network (INCLEN).
The INCLEN Multicentre Collaborative Group. J Clin
Epidemiol 1994; 47: 1401-9.

27. Ministry of Health S. Population & Vital Statistics, 2005.
Available online from: http://www.moh.gov.sg/mohcorp/sta-
tistics.aspx?id=5524 [accessed Jan 04, 2007] 2006.

28. Wong TY, Foster PJ, Hee J, Ng TP, Tielsch JM, Chew SJ, et
al. Prevalence and risk factors for refractive errors in adult
Chinese in Singapore. Invest Ophthalmol Vis Sci 2000; 41:
2486-94.

29. Wong TY, Foster PJ, Johnson GJ, Seah SK. Education,
socioeconomic status, and ocular dimensions in Chinese
adults: the Tanjong Pagar Survey. Br J Ophthalmol 2002; 86:

Sabanayagam C, et al.

ACKNOWLEDGMENTS

We thank Judy Hall for training technical staff, providing quality
assurance and Rachel Ng, Bernie Poh and the Clinical Audit
department, Singapore National Eye Centre for data collection.

REFERENCES

1. Wang Y, Monteiro C, Popkin BM. Trends of obesity and
underweight in older children and adolescents in the United
States, Brazil, China, and Russia. Am J Clin Nutr 2002; 75:
971-7.

2. Sobal J, Stunkard AJ. Socioeconomic status and obesity: a
review of the literature. Psychol.Bull 1989; 105: 260-75.

3. Ball K, Crawford D. Socioeconomic status and weight
change in adults: a review. Soc Sci Med 2005; 60: 1987-
2010.

4. Gutierrez-Fisac JL, Regidor E, Banegas Banegas JR.,
Rodriguez Artalejo F. The size of obesity differences associ-
ated with educational level in Spain, 1987 and 1995/97. J
Epidemiol Community Health 2002; 56: 457-60.

5. Molarius A, Seidell JC, Sans S, Tuomilehto J, Kuulasmaa K.
Educational level, relative body weight, and changes in their
association over 10 years: an international perspective from
the WHO MONICA Project. Am J Public Health 2000; 90:
1260-8.

6. Monteiro CA, Moura EC, Conde WL, Popkin BM.
Socioeconomic status and obesity in adult populations of
developing countries: a review. Bull World Health Organ
2004; 82: 940-6.

7. Sundquist J, Johansson SE. The influence of socioeconomic
status, ethnicity and lifestyle on body mass index in a longitu-
dinal study. Int.J Epidemiol 1998; 27: 57-63.

8. Zhang Q, Wang Y. Trends in the association between obesity
and socioeconomic status in U.S. adults: 1971 to 2000.
Obes.Res 2004; 12: 1622-32.

9. Stunkard AJ, Sorensen TI. Obesity and socioeconomic sta-
tus--a complex relation. N Engl J Med 1993 ; 329: 1036-7.

10. Dryson E, Metcalf P, Baker J, Scragg R. The relationship
between body mass index and socioeconomic status in New
Zealand: ethnic and occupational factors. N Z Med J 1992;
105: 233-5.

11. Wang Y. Cross-national comparison of childhood obesity:
the epidemic and the relationship between obesity and
socioeconomic status. Int J Epidemiol 2001; 30: 1129-36.

12. Burke GL, Jacobs DR Jr, Sprafka JM, Savage PJ, Sidney S,
Wagenknecht LE. Obesity and overweight in young adults:
the CARDIA study. Prev Med 1990; 19: 476-88.

13. Ezeamama AE, Viali S, Tuitele J, McGarvey ST. The influ-
ence of socioeconomic factors on cardiovascular disease risk
factors in the context of economic development in the
Samoan archipelago. Soc Sci Med 2006; 63: 2533-45.

14. Monteiro CA, Conde WL, Popkin BM. Is obesity replacing

167



class in epidemiology. Epidemiol Rev 1988; 10: 87-121.
45. Jeffery RW, French SA. Socioeconomic status and weight

control practices among 20- to 45-year-old women. Am J
Public Health 1996; 86: 1005-10.

46. Jeffery RW, French SA, Forster JL, Spry VM. Socioeconomic
status differences in health behaviors related to obesity: the
Healthy Worker Project. Int.J Obes 1991; 15: 689-96.

47. Jeffery RW, French SA. Epidemic obesity in the United
States: are fast foods and television viewing contributing?
Am J Public Health 1998; 88: 277-80.

48. Sorlie PD, Backlund E, Keller JB. US mortality by economic,
demographic, and social characteristics: the National
Longitudinal Mortality Study. Am J Public Health 1995; 85:
949-56.

49. Rathmann W, Haastert B, Icks A, Giani G, Holle R,
Meisinger C, et al. Sex differences in the associations of
socioeconomic status with undiagnosed diabetes mellitus and
impaired glucose tolerance in the elderly population: the
KORA Survey 2000. Eur J Public Health 2005; 15: 627-33.

50. Wardle J, Griffith J. Socioeconomic status and weight control
practices in British adults. J Epidemiol Community Health
2001; 55: 185-90.

51. Wardle J, Haase AM, Steptoe A, Nillapun M, Jonwutiwes K,
Bellisle F. Gender differences in food choice: the contribu-
tion of health beliefs and dieting. Ann Behav.Med 2004; 27:
107-16.

52. Ford ES, Merritt RK, Heath GW, Powell KE, Washburn RA,
Kriska A, et al. Physical activity behaviors in lower and high-
er socioeconomic status populations. Am J Epidemiol 1991;
133: 1246-56.

53. Gordon-Larsen P, Adair LS, Popkin BM. The relationship of
ethnicity, socioeconomic factors, and overweight in US ado-
lescents. Obes Res 2003; 11: 121-9.

54. Manhem K, Dotevall A, Wilhelmsen L, Rosengren A. Social
gradients in cardiovascular risk factors and symptoms of
Swedish men and women: the Goteborg MONICA Study
1995. J Cardiovasc Risk 2000; 7: 359-68.

55. Diez-Rouxa AV, Linkb BG, Northridgec ME. A multilevel
analysis of income inequality and cardiovascular disease risk
factors. Soc Sci Med 2000; 50: 673-87.

56. Tang M, Chen Y, Krewski D. Gender-related differences in
the association between socioeconomic status and self-report-
ed diabetes. Int J Epidemiol 2003; 32: 381-5.

57. Rissanen AM, Heliovaara M, Knekt P, Reunanen A, Aromaa
A. Determinants of weight gain and overweight in adult
Finns. Eur J Clin Nutr 1991; 45: 419-30.

58. Elections department, Singapore. Updating of Registers of
electors. Available online from: http://www.elections.gov.sg/
updating.htm [accessed April 10, 2007] 2007.

SES and Overweight/obesity in Chinese Adults

963-8.
30. Foster PJ, Oen FT, Machin D, Ng TP, Devereux JG, Johnson

GJ, et al. The prevalence of glaucoma in Chinese residents of
Singapore: a cross-sectional population survey of the Tanjong
Pagar district. Arch Ophthalmol 2000; 118: 1105-11.

31. Anonymous. Obesity: preventing and managing the global
epidemic. Report of a WHO consultation. World Health
Organ Tech Rep Ser 2000; 894 i-xxi: 1-253.

32. Miech RA, Hauser RM. Socioeconomic status and health at
midlife. A comparison of educational attainment with occu-
pation-based indicators. Ann Epidemiol 2001; 11: 75-84.

33. Winkleby MA, Jatulis DE, Frank E, Fortmann SP.
Socioeconomic status and health: how education, income,
and occupation contribute to risk factors for cardiovascular
disease. Am J Public Health 1992; 82: 816-20.

34. National Health Survey 1998. Obesity, Singapore [article
online]. Available online from: http://www.moh.gov.sg/mohcorp
/uploadedfiles/Publications/Reports/1999/nhs.pdf [accessed
Jan 04, 2007] 1999;28-33.

35. Albanes D, Jones DY, Micozzi MS, Mattson ME.
Associations between smoking and body weight in the US
population: analysis of NHANES II. Am J Public Health
1987; 77: 439-44.

36. Klesges RC, Klesges LM. The relationship between body
mass and cigarette smoking using a biochemical index of
smoking exposure. Int J Obes Relat Metab Disord 1993; 17:
585-91.

37. Klesges RC, Klesges LM, Meyers AW. Relationship of
smoking status, energy balance, and body weight: analysis of
the Second National Health and Nutrition Examination
Survey. J Consult Clin Psychol 1991; 59: 899-905.

38. Flegal KM, Harlan WR, Landis JR. Secular trends in body
mass index and skinfold thickness with socioeconomic fac-
tors in young adult men. Am J Clin Nutr 1988; 48: 544-51.

39. Leigh JP, Fries JF, Hubert HB. Gender and race differences
in the correlation between body mass and education in the
1971-1975 NHANES I. J Epidemiol Community Health
1992; 46: 191-6.

40. Osler M, Gerdes LU, Davidsen M, Bronnum-Hansen H,
Madsen M, Jorgensen T, et al. Socioeconomic status and
trends in risk factors for cardiovascular diseases in the Danish
MONICA population, 1982-1992. J Epidemiol Community
Health 2000; 54: 108-13.

41. Sobal J. Obesity and socioeconomic status: a framework for
examining relationships between physical and social vari-
ables. Med Anthropol 1991; 13: 231-47.

42. Mirowsky J, Ross CE. Education, personal control, lifestyle
and health - A human capital hypothesis. Res Aging 1998;
20: 415-49.

43. Winkleby MA, Fortmann SP, Barrett DC. Social class dispar-
ities in risk factors for disease: eight-year prevalence patterns
by level of education. Prev Med 1990; 19: 1-12.

44. Liberatos P, Link BG, Kelsey JL. The measurement of social

168


