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INTRODUCTION

Obesity refers to the accumulation of excess body fat to the 
extent that it has an adverse effect on health.1 While it is 
contemporarily described as a disease of the developed world, 
it is now the sixth most important risk factor contributing to 
overall burden of disease worldwide.2 It is one of the main 
preventable causes of morbidity and premature death,3 yet 
it remains the most neglected public-health problem.4 Its 
main adverse consequences are cardiovascular mortality, 
type 2 diabetes, and several cancers; it is also associated 

with a whole array of other medical and psychological 
problems such as hypertension, dyslipidemia, pulmonary 
diseases including obstructive sleep apnea, osteoarthritis, 
non-alcoholic steatohepatitis, gallbladder disease and 
depression.1, 4

The body mass index (BMI) is defi ned as weight in 
kilograms divided by the square of height in meters. It is a 
crude surrogate marker of body fat and does not take into 
account subjects with an increased BMI due to increased 
lean muscle mass; despite its shortcomings, it remains 
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the most simple and common measure of excess body fat 
both in clinical practice and population surveys.5 Analysis 
of the Framingham Heart Study participants has shown a 
correlation between obesity and risk for the development of 
cardiovascular risk factors, especially hypertension.6 

For Western populations, based on the risk of developing 
diabetes and cardiovascular disease, the World Health 
Organization accepts a BMI of ≥25.0 kg/m² as abnormal; a 
BMI of 25.0 – 29.9 kg/m² is considered overweight and that 
≥30.0 kg/m² is considered obese.1 However, BMI cut points 
for South Asian and Chinese populations have been revised 
downwards; a BMI of 23.0 – 27.4 kg/m² already represents 
increased cardiovascular risk and that ≥27.5 kg/m² represents 
high cardiovascular risk.7 The revision was necessitated by the 
strong evidence pointing to an increased risk of developing 
type 2 diabetes, hypertension and dyslipidemia amongst South 
Asian8-11 and Chinese12 subjects even at BMI levels of <25.0 
kg/m², possibly due to a relative excess of adipose tissue or 
defi cit of lean body mass compared with Europeans for a given 
BMI.8, 13, 14 Studies on Singaporean subjects have demonstrated 
similar fi ndings;15, 16 in particular, a 70% and 104% increased 
risk of diabetes was noted for deciles with a mean BMI of only 
19.6 and 20.7 kg/m² respectively.17 

These studies are population-based cross-sectional studies 
encompassing a varied cohort of subjects, in terms of age, 
level of physical activity and comorbid conditions. We aim to 
determine the relationship between BMI and the prevalence 
of cardiovascular risk factors in a young, apparently healthy, 
asymptomatic and physically active population.

METHODS

Study sample and risk factor assessment

This is a retrospective cross-sectional study of 3026 
Singaporeans in a physically active vocation from a single 
employer who were referred to our institution between April 
2006 and July 2008 for employment-related health screening. 
Baseline demographics, smoking history, other co-morbidities 
(including type 2 diabetes, hypertension and dyslipidemia) 
and current medical treatment for all were obtained. 
Anthropometric measurements, offi ce blood pressure, fasting 
glucose, and a lipid profi le were taken for each subject.

The 10-year Framingham Risk Score (FRS) was calculated for 
each patient using information obtained from their demographic 
characteristics, history and fasting lipid profi les. The risk 
predictors used were age, total serum cholesterol, serum high-
density lipoprotein (HDL), systolic blood pressure, treatment 
for hypertension (if any), and smoking status.18 Low, moderate 
and high risk categories were defi ned as a 10-year risk for 
cardiac events of <10%, 10% – 19%, and ≥20% respectively.

Exclusions

Ninety-six subjects (3.2%) with pre-existing diabetes and/or 
vascular disease were excluded from the analysis.

Statistical analyses

The subjects were divided into 9 groups based on their BMI, 
with the fi rst group corresponding to a BMI of <18.0 kg/
m², the ninth corresponding to a BMI of ≥32.0 kg/m², and 
the others falling in between at equal intervals of 2 kg/m² 
apart. The mean systolic and diastolic blood pressures, total 
cholesterol, triglyceride, HDL and low-density lipoprotein 
(LDL) levels, cholesterol:HDL ratios, fasting glucose and 
FRS were computed for each BMI group. Further, the 
proportions of those with an adverse blood pressure, lipid, 
or fasting glucose profi le were computed for each BMI 
group. The blood pressure profi le was defi ned based on 
the criteria for pre-, stage 1 and 2 hypertension as set out 
by the Seventh Report of the Joint National Committee on 
Prevention, Detection, Evaluation and Treatment of High 
Blood Pressure.19 The lipid profi le was defi ned in accordance 
with the Third Report of The National Cholesterol 
Education Program Expert Panel on Detection, Evaluation 
and Treatment of High Blood Cholesterol in Adults (Adult 
Treatment Panel III).18 The defi nitions of impaired fasting 
glucose and frank diabetes were based on the criteria as 
defi ned by the 2003 Expert Committee on the Diagnosis and 
Classifi cation of Diabetes Mellitus.20

The one-way ANOVA test with post hoc multiple 
comparisons and the χ² test were used to compare means and 
proportions between groups; a p-value of <0.05 indicated 
statistical signifi cance. All analyses were performed using 
SPSS version 16.0 for Windows.

Institutional review board approval

The study was approved by the National Healthcare 
Group’s Domain Specific Review Board (DSRB) (Study 
Number C/2011/00020).

RESULTS

The mean age was 38.9±5.4 years, 89.9% were males. 
Persons of Chinese descent comprised 58.6% of our cohort, 
Malays 34.0% and Indians 7.4%. The majority (84.5%) 
of subjects were low risk (10-year risk <10%) for cardiac 
events using the FRS algorithm. The mean BMI of our cohort 
was 25.2 kg/m and  71.8% and 24.9% of subjects had BMIs 
of over 23.0 and 27.5 kg/m² respectively. Figure 1 shows 
the correlation between BMI and systolic and diastolic 
blood pressure (p <0.001 for both) and fi gure 2 shows the 
correlation between BMI and total cholesterol, HDL levels, 
LDL levels and cholesterol:HDL ratios (p <0.001 for all). 
Table 1 shows the proportions of subjects in each BMI group 
with an adverse blood pressure, lipid, or fasting glucose 
profi le. Specifi cally, Figure 3 shows a positive relationship 
between BMI and the prevalence of impaired fasting 
glucose and frank diabetes mellitus was noted for BMIs 
≥20.0 kg/m²; none of the subjects ≤20.0 kg/m² had frank 
diabetes. A strong positive correlation was noted between 
BMI and cardiovascular risk factors for BMIs ≥20.0 kg/
m². Patients with BMI ≥20.0 kg/m² have increased odds of 
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pre-hypertension and hypertension (OR 4.19, 95%CI 3.14 
– 5.59), total cholesterol ≥5.2 mmol/L (OR 2.70, 95%CI 
1.95 – 3.74), HDL <1.0 mmol/L (OR 4.90, 95%CI 2.00 – 
12.04), LDL ≥3.4 mmol/L (OR 3.91, 95%CI 2.73 – 5.59), 
cholesterol:HDL ratio ≥4.5 (OR 9.41, 95%CI 5.08 – 17.46), 
abnormal fasting glucose (OR 2.05, 95%CI 1.03 – 4.06) and 
FRS ≥10% (OR 1.61, 95%CI 1.11 – 2.33) (p<0.001 for all 
except fasting glucose; p=0.036 and FRS; p=0.012).

DISCUSSION

Our data demonstrates the association between obesity and 
traditional cardiovascular risk factors in our population. 
While BMI cut points are useful as points for public 
health action, our fi ndings remind us that the prevalence 
and severity of cardiovascular risk factors associated with 
obesity is not dichotomously defi ned. This applies even to 
the BMI band considered to be “normal” i.e. 18.5 – 23.0 
kg/m². It should be noted that systolic blood pressure, total 
cholesterol and LDL begin to rise even at “normal” BMIs; 
the mean systolic blood pressure was considered at least pre-
hypertensive (≥120 mmHg) and the mean total cholesterol 
and LDL levels considered at least borderline high (≥5.2 
and ≥3.4 mmol/L respectively) for BMIs of ≥20.0 kg/m². 
Additionally, no subject with a BMI of <20.0 kg/m² had 
undiagnosed diabetes. Deurenberg-Yap et al showed that 
even at low categories of BMI of between 22.0 and 24.0 kg/
m², the absolute risk for having at least one cardiovascular 
risk factor was high.15, 16 Odegaard et al, using data from 
the Singapore Chinese Health Study, showed an increased 
risk of type 2 diabetes beginning at a “normal” BMI of 
18.5 – 23.0 kg/m²,17 Our data complements the fi ndings in 
the other Singaporean studies as we have shown that blood 
pressure, lipids and diabetes status all share a strong positive 
relationship with BMI beginning at a low 18.0 – 20.0 kg/m2 

in our population. 

Our fi nding that the majority of our relatively young cohort 
was classifi ed low risk for cardiac events using the FRS 
algorithm is not totally unexpected. The FRS has been shown 
to classify young persons, perhaps inappropriately, as low risk 
because of its age-weighted nature.21 Despite generally being 
classifi ed as low risk, the risk factor burden in young patients 
presenting with an acute myocardial infarction is remarkably 
high.22, 23 Young patients, particularly those with abnormal 
and even high-“normal” BMIs where cardiovascular risk 
factor burden is increased, may be inappropriately reassured 
on the basis of this classifi cation.23

Our data is consistent with a study from Anqing, China, 
carried out in a predominantly rural and presumably 
physically active population which suggested a J-shaped 
relationship with CV risk factors starting at a BMI of <19.1 
kg/m2.24 More recently, the Israeli Army’s MELANY study 
showed that patients whose BMIs were well within the 
“normal” range in adolescence were also at risk of developing 
coronary artery disease in adulthood.25 However, the Korean 
National Health Insurance Corporation study showed a 
U-shaped trend with a trough at a BMI of 23.0 – 24.9 kg/m2 

for systolic blood pressure, total cholesterol, fasting glucose 
and white cell count, but there was no indication that these 
differences were signifi cant.26

While there is evidence that a “low-normal” BMI is 
associated with a reduction in cardiovascular risk factors, 
whether this translates into an association with mortality 
is controversial. Most large East Asian databases suggest a 
higher trough BMI for mortality. For example, the Chinese 
National Hypertension Survey showed a trough in mortality 
at a BMI of 24.0 – 24.9 kg/m2,27 the Shanghai Diet and 
Cancer Study showed a trough in mortality at a BMI of 21.0 
– 23.5 kg/m2,28 and the Working Group on Obesity in China 
showing a J-shaped curve starting at a BMI of 24.0 kg/m2 

with respect to mortality.29 Finally, a large meta-analysis of 
19 cohorts in Asia showed a trough in mortality at a BMI of 
22.6 – 27.5 kg/m² in East Asians but not in South Asians.30 

However, these studies could have been confounded by 
the presence of communicable disease and reduced access 
to medical care amongst those with a lower BMI given the 
heterogeneous composition of the populations in terms of 
age, socioeconomic status and non-cardiovascular mortality. 
Indeed, large proportions of the populations of India and 
China still inhabit rural regions31 and have BMI values that 
are markedly lower than those observed in our cohort of 
Asians in an urbanized setting. For example, the mean BMI 
in the rural Anqing region of China is only 20.7 kg/m² in men 
and 20.9 kg/m² in women.24 

On the other hand, the Korean Medical Insurance Study32 

showed that men with a BMI of <21.0 kg/m2 who maintained 
their BMI over time had a lower CVD mortality rates than 
those who intially had high BMIs or subsequently recorded 
increases in their BMI. The Singapore Chinese Health 
Study which  included non-smoking Singaporean Chinese 
aged <65 years33 showed a trough in mortality at  a BMI of 
18.5 – 21.4 kg/m². Despite the confl icting epidemiological 
evidence, Razak et al proposed to redefi ne obesity in these 
subjects with a BMI of ≥21.0 kg/m², yet at the same time 
acknowledging that such a cut point may seem unrealistic at 
least for an urbanized population.5

The differences in the optimal BMI ranges between Asian 
and Caucasian populations may be partially explained by 
the increased adiposity of Asians compared with Caucasians 
for a given BMI. Excess adiposity, especially visceral fat 
and regardless of BMI, is independently associated with 
increased cardiovascular risk.34-36 Deurenberg-Yap et al 
noted that at any given body fat percentage the BMI of 
Singaporean subjects was about 3.0kg/m² lower than that 
of Caucasians.15 Therefore, given their relative excess of 
adipose tissue even at normal BMI levels, the independent 
cardiovascular risk that excess adiposity imposes may be 
applicable to South Asian and Chinese subjects even if they 
were within traditional BMI cut-off points.

As the vast majority of our study cohort was from a single 
employer, they were relatively uniform in terms of age, 
educational level, access to public health care and physical 
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activity, minimizing some of the confounders that may have 
been present in other population-based studies. Nonetheless, 
our study does have its limitations. The cross-sectional 
nature of our study permits only a single encounter with each 
subject. It also allows us only a single measurement of blood 
pressure and other biochemical parameters, resulting in the 
possibility of false readings especially for blood pressure. 
It does not permit follow-up to determine the relationship 
between BMI (or change in BMI) and other endpoints such 
as coronary artery disease, acute coronary syndrome and 
mortality. Prospective follow-up of this cohort may be useful 
to validate the relationship between BMI and morbidity or 
mortality. We also did not perform an oral glucose tolerance 
test, which may be more sensitive in detecting diabetes and 
pre-diabetic states. The numbers of patients at the extreme 
ends of the BMI spectrum were also small, rendering us 
unable to conclusively analyze risk factor burden in these 
groups of subjects. The numbers of subjects in each ethnic 
group were also too small to analyse individually.

CONCLUSION

Although mean values of cardiovascular risk factors 
generally remained within established Western guidelines 
for low risk subjects in our study, we demonstrated a step-
wise rise and cumulative increase in cardiovascular risk 
factors with a rising BMI beginning at 20.0 kg/m². Our 
study lends weight to the evidence that, everything else 
being equal, traditional cardiovascular risk factors can 
be reduced to very low levels by weight reduction alone. 
Further large-scale epidemiological studies that are adjusted 
for exercise, educational levels, socio-economic status and 
access to healthcare amongst their subjects are required to 
further delineate the ideal BMI range that is associated with 
a reduced mortality.
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