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Association between obesity and conventional risk factors for coronary artery disease is 
well established. Obesity is currently c<.;'lsidered an independent risk for coronary artery disease. 
The relationship between body mass index (BMI) and fasting plasma lipids and glucose and blood 
pressures in non-obese subjects is not established. The authors studied relationships between BMI and 
lipids, and glucose, and blood pressure levels in healthy a population. The authors measured the 
weights and heights of 3,615 employees of a company during a routine yearly health examination. 

There were 1,250 males aged 31.3 ± 6.6 and 2,365 females aged 29.3 ± 4.9 years old. The 
average BMI for males and females were 23.5 ± 3.6 and 20.1 ±3.0 respectively. The levels of total 
cholesterol (Chol), LDL-cholesterol, and triglyceride (TG), fasting plasma glucose (FPG) had a 
positive relationship with BMI (r =0.22, 0.26, 0.41, 0.20; p < 0.001 ). HLD-cholesterol had a 
negative correlation with BMI (r = -0.36, p<0.001). Both systolic (SBP) and diastolic (DBP) 
blood pressures had a positive correlation with BMI. The association persisted after all values were 
adjusted by age and sex. BMI has a significant positive relationship with the conventional risk 
factors for coronary artery disease and a negative relationship with HDL-cholesterol. 

Key word : Obesity, Risk Factors, Coronary Heart Disease 

MAHANONDA N, BHURIPANYO K, LEOWATTANA W, et al 
J Med Assoc Thai 2000; 83 (Suppl. 2); S35-S45 

* Her Majesty Cardiac Center, 
**Department of Clinical Pathology, 

*** Department of Medicine, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok 10700. Thailand. 



S36 N. MAHANONDA et al. 

The relationship between obesity and the 
risk of coronary heart disease remains controver­
sial despite established association between an 
overweight person and unfavorable coronary risk­
factors status. Obesity is a cause of diabetes mel­
litus, hypertension, and lipid abnormality0-4). 
Despite the biological plausibility of a strong link 
between adiposity and atherogenesis, epidemiologic 
studies have not consistently collaborated the asso­
ciation(5-7). More recent reportsCS-12) showed 
strong relationship of obesity and all causes of mor­
tality, including cardiovascular disease, after adjust­
ment of smoking status. These reports suggested the 
association between body weight as well as body 
mass index (BMI) and other factors including race, 
age and exercise status. These factors also have 
influence on coronary artery disease and its risk 
factors03-16). 

There are limited data about the influence 
of BMI on cardiovascular risk and its risk factors 
in Thai population. The objective of this study was 
to examine the association of BMI and conventional 
risk factors of coronary artery disease in healthy 
Thai population. 

MATERIAL AND METHOD 
Study population: The study subjects 

were 3,615 employees of Shinawatra Group who 
underwent a yearly routine physical check-up. They 
were 90 per cent of the total number of the com­
pany's employees. Participants were informed about 
the study, given a confidential questionnaire one 
week prior to their physical examination, and a 
blood sample was taken. The study was approved 
by the ethical committee of Siriraj Hospital. The 
questionnaire included information on demographic 
characteristics, personal history of acute and chro­
nic diseases, and various aspects of behavior and 
life style. 

All participants were examined by cardio­
logists. Their questionnaires were reviewed for 
completeness at the same time of the physical 
examination. Weight and height were measured by 
medical personnel using a standard balance scale. 
Weight was measured in light clothing and bare 
feet to the nearest 0.1 kg. Height was measured 
without shoes with participants standing with back 
square to the scale to the nearest 0.1 em. Waist and 
hip circumference were measured by an Ohaus 
spring scale with subjects in standing position 
under light clothing at the level of smallest distance 
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between the costal margin, iliac crest and the level 
of the greater trochanters to the nearest 0.1 em. All 
measurements were done in duplicate during the 
same visit. 

Blood pressure was measured in the right 
arm, with the subject in a relaxed, siting position. 
The average of at least two measurements to the 
nearest 2 mmHg with a mercury sphygmomano­
meter was used in all analyses. The third measure­
ment was done if the first and second readings 
showed a difference greater than 10 mmHg. 

Twenty milliliters of venous blood was 
collected in the morning after at least 12 hours 
fasting. It was immediately mixed with 1.5 mg of 
EDTA and centrifuged. Plasma for lipids and glu­
cose analysis was stored at 40C until being assayed. 
The analysis was performed within 2 hours. The 
rest of the blood sample was sealed and stored at 
-SOOC for future analysis. 

Laboratory Procedures: Plasma levels of 
total cholesterol (Chol) and triglyceride (TG) were 
measured by enzymatic procedures (Roche Diag­
nostics, Switzerland). High density lipoprotein 
(HDL) cholesterol was measured by dextran sulfate­
magnesium precipitation followed by enzymatic 
determination of cholesterol07-19). The level of 
low density lipoprotein (LDL) cholesterol was 
derived from the Friedewald calculation. The 
plasma glucose (FPG) was determined by glucose 
oxidase method. The quality of these laboratory 
measurements were internally controlled by preci­
norm and precipath from Roche diagnostics and 
externally controlled with the Quality Assessment 
Program (QAP) with Roche Diagnostics with coeffi­
cients of variation for glucose, cholesterol, trigly­
ceride and HDL-cholesterol of 2.18 per cent, 2.29 
per cent, 3.09 per cent and 3.45 per cent respec­
tively. 

Statistical Analysis 
The authors analyzed men and women 

separately. Data entries were done separately by 2 
officers and checked for error. Any discrepancies of 
both entries or extreme values of any variable were 
rechecked and corrected if possible. Otherwise, 
they were excluded from analysis. The completeness 
of all variables was more than 99.6 per cent. 

Continuous variables were presented as 
mean ± SD. Categorical data were presented in per­
centage. All statistical tests were two-tailed. Pearson 
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correlation and regression analysis were performed 
to examine the relationship between BMI and other 
factors. Student's t-test, ANOV A and chi-square 
test were used to determine the difference between 
groups of various risk factors. The effect of BMI 
on lipid profiles and blood pressure were assessed 
by using the General Linear Model multivariate 
ANCOV A. A p-value less than 0.05 is considered 
as significant result. 

RESULTS 
There were 3615 people who participated 

in the survey. There were more female than male 
participants in the population. Other demographic 
data and completeness of each variable are shown 
in Table I. The average age of females was less 

than that of males. Men are more likely to smoke 
cigarettes and have higher BMI than women. 
Average laboratory results are demonstrated in 
Table 2. Men had significantly higher mean levels 
of total cholesterol, LDL-cholesterol, triglyceride 
and fasting plasma glucose compared to those of 
women (p<0.001,<0.001,<0.00l and< 0.001). How­
ever, the mean level of HDL cholesterol in women 
was 61.7 ± 14.6 mg/dl, which is higher than that 
of men (p=O.OOI). Men also had 119.7 ± 12.7 and 
80.2 ± 9.5 mmHg of average systolic (SBP) and 
diastolic (DBP) blood pressures higher than those 
in women (p<O.OOI, <0.001). 

Obesity indices: Figures I and 2 showed 
that there were significant correlations of all three 

Table 1. Demographic information and history of illness. 

Male 

N 1250 
Mean age (y) 31.3 ±6.6 
Smoking 360(30%) 
Education: 
- below bachelor 421 (34.7%) 
- bachelor or high 793 (65.3%) 
Income (baht) 
- < 20,000 539 (44%) 
- 20,000-50,000 406 (33.1) 
- > 50,000 281 (22.9%) 
Weight (kg) 65.5::!: 11.0 
Height (em) 168.5 ± 6.3 
BMI (kgtm2) 23.06 ± 3.57 
Waist circumference (em) 78.1 ± 9.4 
Waist-hip ratio 0.83 ± 0.06 
History OM II (0.9%) 
History HTN 88 (7.2%) 
History hyperlipidemia 140 (11.4%) 
History of regular exercise 431 (35.5%) 

Abbreviation: DM - diabetes mellitus, HTN- hypertension 

Female 

2365 
29.3 ± 4.9 
118(5.3%) 

644 (5.3%) 
1664 (72.1%) 

1148 (49.8%) 
720 (31.3%) 
435 (18.9%) 
50.7 ± 7.9 
156.5::!: 5.3 

20.71 ± 2.99 
64.9 + 7.2 
0.74±0.06 
16(0.7%) 
78 (3.4%) 
120 (5.2%) 

383 (16.7%) 

p-value 

<0.001 
<0.001 
<0.001 

<0.001 

<0.001 
<0.001 
<0.001 
<0.001 
<0.001 

0.488 
<0.001 
<0.001 
<0.001 

Table 2. Mean levels of lipids, fasting plasma glucose and blood pressures. 

Total Male Female 

Chol (mgldL) 200.5 ± 36.6 207.0 ± 39.5 197.1±34.5 
LDL (mg/dL) 124.1 ± 32.8 131.7 ± 35.9 120.1 ± 30.4 
HDL(mgldL) 58.1 ± 14.7 51.5 ± 12.3 61.7±14.6 
TG (mg/dL) 91.5 ± 60.0 ll9.0 ± 81.7 76.9 ± 37.0 
FPG (mg/dL) 89.5 ± 12.0 92.9 ± 14.2 87.7 ± 10.3 
SBP(mmHg) 113.4 ± 12.5 ll9.7 ± 12.7 110.1 ±II. I 
DBP(mmHg) 75.6±9.4 80.2± 9.5 73.2 ± 8.3 

Completeness of data 
'7c 

99.9 
95.3 
97.4 

97.6 

99.3 
99.4 
99J 
99.3 
99.3 
98.4 
98.1 
98.3 
96.9 

p-value 

<0.001 
<0.001 
<0.001 
<0.001 
< 0.001 
<0.001 
<0.001 
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r slope equation 

BMI&W 0.816 0.27 BMI - 0.27(W) + 

2.68 

BMI & 0.554 26.73 BMI - 26.73(W/H) 

W/H +0.99 

W/H&W 0.856 0.006 W/H- O.OOO(W) + 

0.358 

* p-value <0.001 
Abbreviation: BMI- body mass index (kgtm\ 
W- waist circumference (em), W/H- waist to hip ratio, 
r = correlation coefficient 
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Fig. 1. Relationship of different parameters of obesity. 

indices of obesity. Correlation between body mass 
index (BMI) and waist circumference (r=0.8, 
p< 0.001) was better than BMI and waist-hip 
(W/H) ratio (r=0.6, p<0.001). With the same waist 
circumference, females tended to have higher BMI 
than males. Figure 2 shows that BMI of both men 
and women varied with age (r=0.3, p<O.OOl). At 
the same age, men had higher BMI than women. 
BMI increased 1.6 kglm2 in every 10 years of life 
(p< 0.001). After adjustment with sex, BMI still 
varied significantly with age (p <0.001, Table 3). 
Average BMI in smokers was 22.92 ± 3.71 kgtm2 
and nonsmokers was 21.29 ± 3.29 (p< 0.001). Des­
pite this association of smoking and BMI, the effect 
of smoking on other risk factors did not appear to 

be significant on a general linear model from multi­
variate of analysis of covariance model. 

BMI and lipids levels: Figure 3 shows 
that BMI has a significant linear relationship with 
levels of total cholesterol (r=0.2), LDL cholesterol 
(r=0.3), triglyceride (r=0.4), and HDL cholesterol 
(r = -0.4) with a p-value less than 0.001. Every I 
kglm2 increment of BMI, levels of total cholesterol, 
LDL cholesterol, and triglyceride increased 0.9 
mg/dl, 2.8 mg/dl, and 8.9 mg/dl respectively in 
males and 0.2 mg/dl 1.8 mg/dl and 3.6 mg/dl res­
pectively in females (p=O.OO I). Table 4 shows that 
the percentage of subjects with abnormal lipid levels 
were increasing in higher BMI groups. After being 
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Fig. 2. Relationship between body mass index (BMI) and age. BMI = 16.8 + 0.16 (Age), r = 0.26 (p < 0.001). 

Table 3. Mean body mass index in different age groups. 

Age Group (yr) BMI (k~m2) BMI 
Male Female Total adjusted for sex 

<25 22.20±0.20 20.18 ± 0.13 20.82 ± 20.12 21.19 ± 0.12 
25-29 22.65 ± 0.17 20.26± 0.11 20.95 ± 0.09 21.46 ± 0.10 
30-34 22.95 ± 0.17 21.05 ± 0.12 21.67 ± 0.10 22.00± 0.10 
35-39 23.76±0.24 21.86 ± 0.22 22.75 ± 0.18 22.71±0.16 
40-44 24.37 ± 0.35 22.84± 0.40 23.70 ± 0.26 23.61 ± 0.27 
~45 25.46 ± 0.40 22.14±0.64 24.54±0.05 23.80 ± 0.38 
p-value <0.001 <0.001 

adjusted by age and sex (Table 5), the mean total 
cholesterol, LDL cholesterol and triglyceride levels 
still varied with BMI, while the mean HDL choles­
terol had a reverse relationship with BMI. (p<O.OOI). 

BMI and fasting plasma glucose: Similar 
to the total cholesterol level, fasting plasma glu­
cose increases as BMI increases in both male and 
female groups (Figure 3). The relationship was a 
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linear fashion. Fasting plasma glucose increased 
0.9 mg/dl in males and 0.2 mg/dl in females in 
every increment of 1 kgtm2 of BMI (p= < 0.001, 
< 0.001). The percentage of people in each BMI 

.. 

Body Mass Index tkglsq m) 

' . • 

Body Mass IndeX ik,g!sq m) 

-¥ male ... 
• tamale 

Total Populaborl 

Relationship between BMI and fasting lipids, 
BMI df I I an astmg plasma g ucose. 

r slope equation 

Chol 0.22 2.41 chol = 2.41(BMI) + 148.7 

TG 0.41 7.22 TG- 7.22(BMI)- 63.97 

HDL -0.36 -1.56 HDL = -0.36(BMI) + 91.68 

LDL 0.26 2.52 LDL = 0.26(BMI) + 69.75 

FPG 0.20 0.71 FPG- 0.20(BMI) + 74.34 
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subgroup with abnormal fasting plasma glucose 
(110-125 mg/dl and > 125 mg/dl) increased in sub­
groups of higher BMI (p<O.OO I) (Table 5 ). The 
mean fasting plasma glucose levels both before and 
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Fig. 3. BMI and fasting plasma lipid. 
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Table 4. Number (%) of subjects with abnormal blood test and hypertension in each groups of BMI. 

Body Mass Index (k~m2) p-
< 18.5 18.5-20.4 20.5-21.9 20.0-23.4 23.5-24.9 25.0-26.4 26.5-27.9 28.0-29.9 ;:: 30.0 value 

Chol 52 104 73 83 61 43 29 25 26 <0.001 
(9.0%) (10.2%) (10.8%) (17.5%) (20.1%) (21.7%) (22.8%) (30.5%) (30.2%) 

LDL 38 84 70 91 68 41 32 19 25 <0.001 
(6.6%) (8.2%) (10.4%) (19.2%) (22.4%) (20.7%) (25.2%) (23.2%) (29.1%) 

HDL 35 58 46 38 39 32 24 18 27 <0.001 
(6.0%) (5.7%) (6.8%) (8.0%) (12.9%) (16.2%) (18 9%) (22.0%) (314%) 

TG 2 II 14 23 27 31 25 IS 22 <0.001 
(0.3%) (1.1%) (2.1 %) (4.8%) (8.9%) (IS 7%) (19 7%) (18.3%) (25.6%) 

FPG 7 10 13 10 12 II 9 9 10 <(),(J()I 
(1.2%) (1.0%) (1.9%) (2.1%) (3.9%) (5.6%) (7.1%) (10.8%) ( 11.6'k) 

HTN 9 26 31 39 44 35 27 22 29 <0.001 
(1.6%) (2.5%) (4.6%) (8.2%) (14.4%) (17.6%) (21.1 %) (26.2%) (33.3%) 

Chol- total cholesterol> 240 mg/dl, LDL- LDL cholesterol> 160 mg/dl, HDL- HDL cholesterol< 35 mg/dl 
TG- triglyceride> 200 mg/dl, FPG -impaired fasting plasma glucose;:: 110 mg/dl 
HTN- hypertension: systolic blood pressure~ 140 mmHg or diastolic blood pressure ~90 mmHg. 

after being adjusted by age and sex of people in 
high BMI subgroups were higher than the levels 
of those in lower BMI subgroups (p<O.OOI Table 5). 

BMI and blood pressure: Both systolic 
(SBP) and diastolic (DBP) blood pressures also 
increased as BMI increased in both males and 
females (Figure 3). At the same BMI level, men had 
higher systolic and diastolic blood pressures than 
women. With I kgtm2 increment of BMI, there 
would be 1.1 mmHg and 1.0 mmHg higher systo­
lic and diastolic blood pressures in males and 1.0 
mmHg and 0.5 mmHg higher systolic and diastolic 
blood pressures in females (p< 0.001). 

Table 4 shows that the percentage of peo­
ple with hypertension (SBP :;:::, 140 or DBP :;:::, 90) 
was higher in subgroups of people with high BMI, 
compared to those in the low BMI subgroups. The 
mean blood pressure before and after adjustment 
by age and sex were also higher in higher BMI 
subgroups compared to low BMI subgroups, 
p < 0.001 (Table 5). 

DISCUSSION 
In this study, we demonstrated the crossec­

tional relationship between body mass index (BMI) 
and conventional risk factors of coronary artery 
disease in a healthy Thai population. Because of 

good correlations between BMI and waist circum­
ference, and waist/hip ratio, we used only BMI as 
our index of obesity. We observed a strong relation­
ship of BMI and fasting plasma lipids, and of glu­
cose and blood pressure levels. 

We also found that a prevalence of abnor­
mal fasting plasma lipids and glucose levels and 
hypertension were higher in peopl.: with high BMI 
compared to those with low BMI. These findings 
were consistent with the findings and reports of 
several large cohort studies(20-30). These relation­
ships of risk factors and BMI were presented in 
both men and women. However, we found that 
fasting plasma lipids, glucose and blood pressures 
in men seemed to be more sensitive to the change of 
BMI than those in women. This may be a result of 
older males than females in our study population. 
We observed crossectional association of age and 
BMI in both males and females. This association 
has been reported previously(31 ). 

In our study, those who smoked had higher 
BMI than nonsmokers. This finding was different 
to what has been previously reported(8). However, 
that report recruited only women to the study. Ano­
ther potential explanation of the difference in this 
finding is the presence of an older male population 
than a female one. In the male population, there was 
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a higher prevalence of smoking, and they also had 
higher average BMI compared to the female popu­

lation. 
After being adjusted by age and sex, we 

still found significant relationships between BMI 
and lipids, and glucose and blood pressure levels. 
Adjustment with smoking status did not have any 

effect on the levels of the risk factors. These find­
ings were consistent with previous reports(8,26-

30). The increase in the prevalence of risk factors 
was also associated with higher mortality in a longi­
tudinal study(8). 

In conclusion, increasing BMI is strongly 

associated with an increasing risk of having abnor­

mal plasma lipids and impaired fasting glucose 
levels. Moreover, men and women with higher BMI 
are more likely to have higher blood pressure. Mul­
tivariate analysis indicates that although relation-

ship of BMI and these risk factors is attributable to 
the influence of age and sex on BMI, a moderate 

relationship persists after adjustment by age and 

sex. Other factors, such as physical activity and 
dietary intake, may explain the relationship and 

should be further studied. 
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