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Abstract

Background: The aim of the current study was to examine the associations between Body Mass Index (BMI) and
socio-demographic factors and to examine the relationship between BMI, smoking status and ethnicity.

Methods: The Singapore Mental Health Study (SMHS) surveyed Singapore Residents (Singapore Citizens and
Permanent Residents) aged 18 years old and above. BMI was calculated using height and weight which were
self-reported by respondents. Socio-demographic characteristics and smoking status were recorded in a

standardized data collection form.

Results: Six thousand and six hundred sixteen respondents completed the study (response rate of 75.9 %) which
constituted a representative sample of the adult resident population in Singapore. Ethnicity, gender and education
status were associated with obesity. There was an interaction effect between ethnicity smoking status, and BMI.
Indian and Malay smokers were less likely to be obese compared to Chinese smokers. The relationship between
ethnicity and BMI was thus reversed when smoking was taken into account.

Conclusions: The study identified certain subgroups and risk factors that are associated with obesity. There is a
need for further research to explore and identify genetic, metabolic and ethnic differences that underlie the
interaction between ethnicity and smoking status which affects BMI.
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Background

Smoking and obesity are the leading causes of prevent-
able death [1]. Obesity significantly increases the risk of
chronic diseases such as cardiovascular disease, muscu-
loskeletal disorders, type- 2 diabetes, coronary heart dis-
ease, osteo-arthritis and certain cancers [2-6]. Every
year, around 3.4 million adults die as a result of being
overweight or obese [6]. Global estimates of disease bur-
den attributed to overweight and obesity are substantial,
with data indicating 7 % to 44 % [6]. A study in United
States reported that the total cost attributed to obesity
was US$99.2 billion dollars [7]. While no figures were
reported for Singapore, WHO estimated that 2-7 % of
total health care costs are attributed to obesity in devel-
oped countries [8].
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Overweight and obesity are recognized as primary risk
factors for chronic non-communicable disease (NCD) in
Singapore [9]. These NCDs include Cancer (19 %), Car-
diovascular Disease (20 %) and Diabetes Mellitus (10 %),
all of which constitute about 195,840 life years lost due
to mortality and ill-health in 2010 [9]. There is evidence
that suggest that nicotine addiction influences body
weight as well [10] and that a parabolic or U shaped re-
lationship exists between BMI and smoking [11-13].

The consumption of nicotine products has been in-
creasing worldwide. World Health Organization (WHO)
has estimated that tobacco contributes 6 million deaths
annually and is one of the most important causes of
morbidity [14]. Nicotine is the key chemical compound
that causes and sustains cigarette addiction and the de-
sign and contents of tobacco products today have made
them more addictive than ever [15]. Smoking has been
known to be linked to cancer, heart disease, stroke and
other diseases [14]. However, the adverse effects of
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smoking are not limited to only the smoker; individuals
who are exposed to second hand smoke are at an even
greater risk for lung cancer, heart diseases and other
chronic health problems [14]. Thus, at a societal level,
smoking has substantial direct and indirect cost that
puts a strain on health care and social resources.

Like many countries worldwide, smoking and obesity
are serious public health concerns in Singapore. Ac-
cording to the Singapore National Health Survey con-
ducted in 2004, there has been an increasing trend of
smoking and obesity [16]. Prevalence rates for smoking
have increased substantially from 6.9 % to 10.8 % from
2004 to 2010 [16, 17]. Similarly, prevalence rates for
obesity have steadily increased from 12.6 % to 14.3 %,
over the same period of time. BMI and fat rate have
been observed to decrease with increased smoking in-
tensity but to a certain point - should smoking intensity
increase beyond a certain point, BMI is expected to in-
crease exponentially [18].

Given the ethnic diversity in Singapore, an association
between ethnicity and obesity has been previously docu-
mented. Studies have reported that people with Malay or
Indian ethnicity have a high risk of being overweight or
obese [17, 19]. Specifically, obesity was more common
among Malays (24.0 %) followed by Indians (16.9 %)
then Chinese (7.9 %) [17]. In the same study, the authors
reported Malays had the highest daily smoking preva-
lence among the three ethnic groups. This brings for-
ward a few uncertainties. Are the effects of nicotine
directly influencing the risk of obesity? Does ethnicity
alter the relationship between obesity and nicotine? The
distinction is important because the latter would suggest
that efforts to reduce smoking may be particularly import-
ant in reducing burden of obesity in some populations.

The aim of the current study was to examine the associ-
ations of BMI with socio-demographic factors and smok-
ing in the Singapore resident population. We postulated
that smokers would be less likely to be overweight and
obese and that there is an interaction between smoking
status and ethnicity which would affect BMI.

Methods

Subjects

The data for the current study was extracted from the
Singapore Mental Health Study (SMHS) which was con-
ducted from December 2009 to December 2010. This
was a population-based, cross sectional, epidemiological
study which has been described previously in greater de-
tail [20]. A total of 6616 Singapore residents (including
Singapore citizen and Permanent Residents) aged
18 years old and above were recruited. Written informed
consent was obtained from all respondents and for those
under the age of 21, consent was also obtained from a
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parent/legally acceptable representative. The study was
approved by the relevant Institutional Review Boards.

Assessments

The screening module of the Composite International
Diagnostic Interview version 3.0 (CIDI 3.0) was used to as-
sess smoking status. Respondents were asked whether they
are current smokers, ex-smokers or non-smokers who have
never smoked before. Ex-smokers and non-smokers were
grouped together for analysis. Socio-demographic informa-
tion was recorded in a standardized data collection form.
BMI was calculated using height and weight which were
self-reported by respondents. Participants were classified
into four categories according to WHO International classi-
fication: (1) Underweight (<18.5 l(g/mz) (2) Normal Weight
(185 kg/m” to 24.9 kg/m?®) (3) Overweight 25.0 kg/m”
-30.0 kg/m?) (4) Obese (=30.0 kg/m?) [8].

Statistical analysis

All estimates were weighted to adjust for oversampling
and post-stratification sampling for age and ethnic distri-
butions between the survey and the Singapore resident
population. Weighted mean and standard error were
calculated for continuous variables, and weighted per-
centages and standard errors for categorical variables.
Multinomial regression models were used to generate
odds ratio (ORs) and 95 % confidence intervals (ClIs)
using BMI as the main outcome variable and socio-
demographic characteristics (i.e. age group, gender, eth-
nicity, marital status, employment status, income) and
smoking status as predictor variables. Standard errors
(S.E.) and significance tests were estimated using the
Taylor series linearization method. All statistical analysis
was carried out using Statistical Analysis Software (SAS)
System version 9.2. Statistical significance was evaluated
at the <0.05 level using two-sided tests.

Results

In all, 6616 face-to-face interviews were completed,
yielding a response rate of 75.9 %. Due to missing
data in a small number of cases, BMI could only be
calculated for 6291 (48.9 % male and 51.1 % female)
respondents. The mean (SD) age of the sample was
42 (14.5) years.

Table 1 presents the socio-demographic distribution of
the study sample. 4.7 % of the study sample had an edu-
cation level of primary school and below, 14.1 % had
secondary school education, 27.9 % had Pre-U/junior
college/diploma, 22.9 % had vocational training and
8.0 % had university education. Approximately 23.6 %
was overweight and 7.8 % was obese. 16.3 % of the
population reported being a current smoker and 83.7 %
of the population were non-smokers at the point of
recruitment.
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Table 1 Socio-demographic distribution of the sample

Number Weighted % SE.

Age group

18-34 2264 324 -

35-49 2308 34.7 -

50-64 1401 226 -

65+ 318 104 -
Ethnicity

Chinese 1976 779 -

Malay 2145 14 -

Indian 1905 82 -

Others 265 25 -
Sex

Male 3191 489 09

Female 3100 51.1 09
Marital

Single 1787 294 0.7

Married 4076 624 08

Divorced/separated 248 4.2 04

Widowed 178 39 04
Education

Primary and below 203 4.7 04

Secondary 813 14.1 06

Pre-u/junior-college/diploma 1905 279 0.8

Vocational 1331 229 0.7

University 706 80 04
Employment

Employed 4464 718 0.8

Economically inactive® 1365 238 0.7

Unemployed 285 44 04
Income

Below $SD 20,000 3110 50.3 09

$SD 20,000-49,999 1900 318 08

Above $SD 50,000 955 179 0.7
BMI

Underweight 446 84 0.5

Normal 3338 60.3 09

Overweight 1719 236 0.8

Obese 788 78 04
Smoking

No 4891 83.7 06

Yes 1270 163 0.6

Include homemakers, students and retirees/pensioners

Table 2 shows the socio-demographic correlates
among three groups: Obese vs. Normal, Overweight vs.
Normal and Underweight vs. Normal among the study
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population. Among the different ethnicities in Singapore,
Malays were more likely to be obese (OR=4.7) and
overweight (OR =2.0) as compared to the Chinese. In-
dians were also more likely to be obese (OR =3.6) and
overweight (OR =2.0) as compared to the Chinese. In-
dians were 0.6 times less likely to be underweight than
the Chinese. Other ethnicities were also 2.7 times more
likely to be obese compared to Chinese. Females were less
likely to be obese (OR = 0.7) and more likely to be under-
weight (OR =2.8), respectively. Those who were obese
were more likely to have lower education [primary and
below (OR = 2.1), secondary (OR = 1.8), pre-U/Junior Col-
lege/Diploma (OR = 1.8) and Vocational (OR = 2.3)].

It was observed that there was no significant effect on
weight when smoking status was taken into account. We
further explored a possible interaction of each significant
variable in the model. We found there was an inter-
action effect between ethnicity and smoking status, af-
fecting BMI. Indian smokers were less likely to be obese
and more likely to be underweight compared to Chinese
smokers (OR =0.4, CI 0.2-0.8, p=.0116 and OR =2.8,
CI 1.4-59, p=.0048 respectively). Similarly, Malay
smokers were less likely to be obese and overweight
(OR =0.3, CI 0.2-0.5, p <.0001 and OR = 0.6, CI 0.4—-0.9,
p =0.0072 respectively) than Chinese smokers.

Discussion

This study has allowed us to look at the correlates of
overweight, obesity and underweight with socio-
demographic factors in a multi-ethnic Asian population.
Results indicate that ethnicity plays a significant role in
obesity with the Malays and Indians more likely to be
overweight and obese when compared to the Chinese.
This finding is in accordance with the National Health
Survey conducted in 2010 [17]. This relationship was
however, reversed when smoking was taken into ac-
count. Indian and Malay smokers were at a lesser at risk
of being overweight and obese than Chinese smokers.

Analysis also revealed that the odds of obesity and
overweight do not increase with age. This finding is in
contrast to a previous study, whereby the authors re-
ported that the odds of obesity and overweight increases
with age and it is most prevalent among the middle aged
individuals (50-59 years old) [8]. Unlike the previous
study where underweight groups were not looked at, the
current findings found that adults aged 35-49 years old
(OR=0.6) and 50-64 years old (OR=0.5) were less
likely to be underweight as compared to the young
adults (18—34 years old).

The National Health Survey Singapore 2010 reported
that the prevalence of obesity was highest among the
Malay (38.0 %) followed by the Indians (32.8 %) and
Chinese (19.4 %) [17]. Our findings suggest that the
Malays had the highest odds of being obese, followed by
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Table 2 Socio-demographic correlates of Body Mass Index (BMI)
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Obese vs
Normal weight
OR" 95 % Cl

Overweight vs Underweight vs

Normal weight Normal weight

Pvalue  OR" 95%Cl Pvalue  OR" 95%Cl P value

Age group (years) 18 to 34 Ref Ref Ref

35 to 49 1.0 (0.7-1.6) 87 12 (0.9-1.5) 29 0.6 (04-0.9) .0087

50 to 64 12 (0.8-2.0) 3739 13 (1.0-1.8) 0599 05 (03-09) .0148

65 and above 04 02-10) 00611 14 (08-23) 2548 06 0.2-1.6) 3066
Ethnicity Chinese Ref

Malay 4.7 (3.6-6.2) <0001 20 (1.7-25)  <.0001 0.7 (05-1.0) 0539

Indian 36 (2.7-47) <.0001 20 (1.7-24) <0001 06 (04-0.8) .0025

Others 2.7 (1.5-4.9) .0016 14 (0.9-2.0) 0974 04 (0.2-1.3) 1319
Sex Male Ref

Female 0.7 (05-09)  .0127 06 (05-07)  <.0001 28 (20-4.0) <.0001
Marital Single Ref

Married 13 (0.8-2.0) .2887 12 (1.0-1.6) 1209 0.6 (0.5-0.9) .0134

Divorced/Separated 14 (06-3.1) 4468 08 (0.5-14) .3988 0.8 04-1.7) 5659

Widowed 2.1 (0.8-5.6) 1611 16 (0.8-33) 2361 0.7 (0.2-24) 5974
Education Primary and below 2.1 (1.2-3.9) .0123 14 (0.9-2.1) 0976 1.0 (0.5-2.0) 9412

Secondary 18 (1.1-29) .0208 13 (09-1.7) 167 1.1 (0.7-1.8) 7876

Pre-U/Junior-college/Diploma 1.8 (1.1-2.9) .0262 1.1 (0.8-1.5) 4815 09 06-14) 7431

Vocational 23 (1.3-4.1) .0058 1.1 (0.7-1.6) 0.6593 1.6 (09-2.7) 1257

University Ref
Employment Employed Ref

Economically inactive” 1.1 (0.7-1.5) .7408 0.8 (0.6-1.1) .1888 09 (06-1.3) 4997

Unemployed 13 (0.7-24) 4012 08 (0.5-14) 401 12 0.7-2.1) 6006
Income Below $SD 20,000 Ref

$SD 20,000 to 49,999 12 (09-1.7) 2873 1.0 (0.8-1.3) 8953 0.7 0.5-1.1) 1109

$SD 50,000 and above 09 (05-15 6098 1.1 (08-16) 4576 06 04-1.1) 1117
Smoking No Ref

Yes 15 (09-25 .14 1.1 (08-16) 5584 1.0 (0.6-1.8) 9424

Bold font indicates significant p values

#includes retirees, students and housewives
+0dds Ratios derived from multinomial regression
Ref: Reference

the Indians. Ethnic differences in susceptibility to obesity
have also been observed overseas [21]. However, it is un-
clear whether the effects of weight are directly linked to
the biological composition of the different ethnic groups
or other various reasons, i.e. food intake and/or physical
activity. The mechanisms underlying the body weight
differences among the ethnic groups are unclear. One
possibility which had been suggested was that individuals
from different ethnic groups have a differing propensity to
accumulate fats in regions that are detrimental, such as
within the abdomen, in the skeletal muscles or liver [22].
As expected, our findings on gender differences show
that females were significantly more likely to be under-
weight as compared to males. This result correspond

with the National Health Survey 2010, which reported a
similar trend of males (12.1 %) being more likely to be
obese when compared to females (9.5 %) [17]. Anecdotal
evidence suggests that it is acceptable for men to be
overweight, but the same may not apply to females.
Overweight females tend to be stigmatized while under-
weight are encouraged and valued in western influenced
countries, such as Singapore [23]. This can be also be
reflected by the difference in body esteem reported be-
tween the genders, whereby girls are more vulnerable to
negative evaluation of being overweight than boys [24].
Surprisingly, there was no significant association be-
tween marital status and obesity/overweight. This was
contrary to previous findings which reported married
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individuals are at an increased risk of being overweight
[19]. Our findings instead suggest that marital status was
a protective factor for being underweight. An increase in
weight after getting married has been observed else-
where [25, 26]. Studies have suggested that there are role
changes for married couples. Individualistic activities
such as exercise take a backseat to marital obligations.
People who are married are also less likely to smoke and
more likely to quit smoking [25]. Anecdotal evidence
suggests that children could also influence the parents’
eating patterns, with the parent eating the leftovers to
minimize wastage. All of these factors may lead to
weight gain.

We also examined the socioeconomic factors which
predispose people to be overweight and obese. Previous
studies have suggested that socioeconomic factors are
one of the most consistent predictors of body weight
[27, 28]. Socioeconomic factors such as education, in-
come and occupation are related to variations in behav-
ior which changes energy intake, expenditure and
metabolism [29]. We found that obesity was inversely
associated with education level, with lower education
linked to higher risk of obesity. Education has been hy-
pothesized to enable people to integrate healthy be-
haviors (e.g., dietary choices, nutrition, access to
healthy food, exercise) into a lifestyle, which gives
them a sense of control over their health [30]. It also
limits one's exposure to negative influences associated
with the social environment in which one lives and
works [30]. An individual with higher education is
likely to have the means to access the various avenues
that help maintain a healthy life study including gym
membership and sporting clubs.

Although the general consensus is that smoking status
is negatively associated with BMI [10, 18], and our study
results did not show a significant inverse relationship be-
tween smoking status and BMI. This could be due to the
contribution of external factors such as eating habits
and lifestyle habits such as amount of exercise. However,
when smoking was taken into account, the effect of eth-
nicity on BMI was reversed. Indian and Malay smokers
were less likely to be obese when compared to Chinese
smokers. Multiple factors may come into play that could
affect an individual’s body weight. Considerations such
as energy intake, energy expenditure and lifestyle may
contribute to the inverse association.

In previous research conducted in Singapore, distinct
ethnic differences associated with nicotine dependence
were found. Malays were reported to have the highest
prevalence of nicotine dependence compared to Indian
and Chinese [31, 32]. Taking this into considerations, it
is plausible that nicotine acts as an appetite suppressant,
thus effectively reducing the calories consumption for
smokers. In terms of physical activity, Malays tend to
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have the highest levels, followed by Indians which sug-
gest differing higher energy expenditure among the three
ethnic groups [33]. Some other studies, have instead
suggested that smoking is associated with energy
expenditure, with resting energy expenditure differing
between ethnicities [34]. To the best of our knowledge,
literature concerning the relationship of smoking and
energy expenditure among the three ethnic groups has
not been looked at in Singapore. Our findings highlight
that further research is needed to examine the inter-
action between smoking and other socio-demographic
factors.

Strengths and limitations

The study has some limitations. This study was conducted
via face to face household survey. Thus, information from
residents of nursing homes, hospitals and prisons for the
entire field period of the survey was excluded. About 24 %
of the sample was not interviewed due to “non-response”.
This non-response rate could lead to underestimation of
the true rates. Parameters collected, such as height and
weight were self-reported. While previous studies have
suggested that there is a high correlation between self-
reported and measured parameters [35]. Others have sug-
gested that self-report may underestimate weight and
overestimate height [36, 37]. Abdominal fatness was not
measured or examined in this study. Previous studies have
suggested central obesity such as waist circumference,
waist-hip ratio and waist-stature ratio is a better indicator
for risk of cardiovascular heart disease, diabetes and
hypertension for Asians [38—40]. However, BMI is an
equally strong indicator [39]. Past smoking behavior and
intensity of smoking was not looked at in this study, which
could have affected the individual body weight.

Lastly, due to the cross sectional design of the study, we
are not able to attribute any casual relationships between
the relationship of BMI and smoking. Despite these limita-
tions, our study includes a large sample size with a reason-
able response rate which makes it a good representative
study of the adult population in Singapore. The study was
also a single phase study without geographical clustering
that ensured that detailed data was collected from all indi-
viduals across the island.

Conclusion

In summary, our study identified certain subgroups and
risk factors that are associated with obesity. We observed
an interaction effect between ethnicity smoking status,
and BMI. There is a need for further research to explore
and identify genetic, metabolic and ethnic differences that
underlie the interaction between ethnicity and smoking
status which affects BMI.
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