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Objective
The purpose of this cross-sectional study was to determine the relevance of several
risk factors for hypertension in a Thai population.

Introduction

Once an agriculturally based society, Thailand has blossomed into an industrious,
developing nation. Economic growth, as well as dramatic alterations in dietary and
physical activity profiles of Thais have fueled the current epidemiological transition
witnessed in Thailand.
Infectious diseases such as malaria and tuberculosis which were once leading causes
of morbidity, have been replaced by noninfectious chronic conditions such as
diabetes mellitus, coronary heart disease (CHD), and other vascular disorders.
Hypertension is one of the leading cardiovascular conditions in America. Some risk
factors of hypertension include increased age, non-white race, high sodium and total
fat intake, family history of hypertension, physical inactivity, excessive alcohol
consumption, smoking, low educational attainment, psychosocial stress, and
depression.
To date, few studies have evaluated similar risk factors in relation to hypertension
risk among Thais.

Table 2. Odds ratio (OR) and 95%confidence intervals (CI) for selective risk factors of
high blood pressure among Thai men and women, Bangkok, Thailand, AugustSeptember, 1999.
Men
Wome n
OR
95% CI
OR
95% CI
Age (Ye ars )
< 40
1
Ref
1
Ref
40 – 59
1.46
0.75-2.86
2.15
1.29-3.57
≥ 60
6.83
3.24-14.40
4.47
2.40-8.33
(Kg/m2)
Underweight (<20)
0.96
0.40-2.30
0.75
0.39-1.44
Normal (20-24.99)
1
Ref
1
Ref
Overweight (25-29.99)
1.88
1.02-3.47
1.74
1.13-2.67
Obesity (≥30)
1.4
0.34-5.67
3.05
1.76-5.29
Smoking s tatus
Never smoker
1
Ref
1
Ref
Ever smoker
1.04
0.61-1.79
0.96
0.44-2.11
Education
<=Primary education
1.4
0.63-3.14
2.84
1.23-5.16
<Bachelor degree
2.01
0.97-4.15
2.52
1.45-5.56
>= Bachelor degree
1
Ref
1
Ref

Table 3. Relationship between risk factor and blood pressure values: estimated linear regression
coefficients (b), standard errors (SE), and p-values, Bangkok, Thailand, August-September, 1999.
Inde pe nde nt
Sys tolic B lood
Dias tolic B lood
M e an Arte rial
Covariate s
Pre s s ure
Pre s s ure
Pre s s ure
(mm Hg)
b ± SE
p-value
4.51 ± 1.75
18.89 ± 2.34

(mm Hg)
b ± SE
p-value

(mm Hg)
b ± SE
p-value

0.01
0

1.79 ± 1.15
5.53 ± 1.55

0.121
0

2.69 ± 1.20
9.89 ± 1.61

0.025
0

0.187

-2.67 ± 1.47

0.071

-2.74 ± 1.53

0.075

0.016
0.94
0.963
0.127
0.298

5.42 ± 1.20
4.51 ± 2.62
-0.57 ± 1.01
0.35 ± 1.38
1.61 ± 1.24
13.40%

0
0.086
0.57
0.8
0.194

5.12 ± 1.25
2.93 ± 2.72
-0.39 ± 1.05
1.32 ± 1.43
1.71 ± 1.29
19.50%

0
0.282
0.712
0.185
0.36

0
0

2.81 ± 0.73
5.03 ± 1.15

0
0

3.49 ± 0.77
7.99 ± 1.22

0
0
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We conducted a cross-sectional study of 1, 398 patients (382 men and 1016 women)
who participated in annual health examinations at the Preventive Medicine Clinic of
the King Chulalongkorn Memorial Hospital in Bangkok, Thailand during the period of
August through September of 1999.
During routine clinic visits participants were asked to provide information about their
personal and family medical histories and daily activities.
Participants underwent routine physical examinations that included determining their
height, weight, resting blood pressure, and collecting an overnight fasting venous
blood sample.
We used SPSS to perform multiple linear regression to identify which factors that
influenced systolic (SBP), diastolic (DBP), and mean arterial blood pressures (MAP).

¾ Hypertensive risk factors were similar among men and women.
¾ Increased age and body mass index (BMI), as well as low educational attainment, were
statistically significant risk factors for hypertension in men.
¾ Overweight men (BMI=25.0-29.9 kg/m2) were 1.88 times more likely to be hypertensive
(OR=1.88, 95% CI=1.02-3.47).
¾ Obese men (≥30.0 kg/m2) had an increased risk, but this association was not significant
(OR=1.40, 95% CI=0.34-5.47).
¾ Similar risk factors were identified among women. Overweight women had a 1.74increased risk for hypertension (OR=1.74, 95% CI=1.13-2.67). The corresponding risk
was increased 3-fold among obese women (OR=3.05, 95% CI=1.76-5.29).
¾ Among men, age and BMI were positively associated with increased systolic, diastolic,
and mean arterial blood pressures (MAP). Men ≥60 years of age had an increase in
systolic (β=18.89, p<0.001), diastolic (β=5.53, p<0.001), and MAP (β=9.89, p<0.001)
values as compared with the referent group (< 40 years). Similar associations were noted
among women.

All OR adjusted for all other covariates in the model. Separate models were es timated for men
and women

Among me n
Age 40 – 59
Age ≥ 60

Methods

Results

BMI (kg/m )
-2.95 ± 2.23
(<20)
REF
(20-24.99)
(25-29.99)
4.40 ± 1.82
-0.30 ± 3.97
(≥30)
Ever Smoker
0.07 ± 1.53
<Primary Education
3.20 ± 2.09
<Bachelor’s Degree
1.95 ± 1.87
2
21.90%
Adjusted R
Among wome n
Age 40 – 59
4.85 ± 1.15
Age ≥ 60
13.91 ± 1.82

Discussion
Increased age, BMI, and low educational attainment were identified as being risk factors for
hypertension in this population of Thai adults receiving annual health exams at the Preventive
Medicine Clinic of the King Chulalongkorn Memorial Hospital in Bangkok.
The results from this study may be used to guide the development of programs geared towards
preventing and mitigating specific risk factors of hypertension among Thais living in urban
settings. Health promotion and disease prevention efforts are required if Thailand is to avoid the
obesity-related chronic disease epidemic that is now prevalent in Western societies.
Limitations include
¾ Some information was self-reported and collected during the physical exam
¾ Precise details of potentially important covariates such as the frequency, amount,
duration, and intensity of physical activity, for example, were not collected during the
exam
¾ Number of men included in our analyses is relatively small; hence, estimated odds ratios
were often imprecise, as reflected by the wide 95% confidence intervals.
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BMI (kg/m )
(<20)
-2.97 ± 1.34
0.026
-0.29 ± 0.85
0.732
-1.18 ± 0.89
(20-24.99)
REF
(25-29.99)
5.20 ± 1.26
0
3.00 ± 0.80
0
3.73 ± 0.84
(≥30)
8.25 ± 1.85
0
6.33 ± 1.17
0
6.97 ± 1.24
Ever Smoker
-4.88 ± 2.10
0.021
-1.01 ± 1.33
0.447
-2.30 ± 1.41
< Primary Education 2.39 ± 1.32
0.071
1.66 ± 0.84
0.047
1.91 ± 0.89
<Bachelor’s Degree 1.72 -± 1.39
0.217
1.33 ± 0.88
0.132
1.46 ± 0.93
2
15.20%
9.70%
14.70%
Adjusted R
All coefficients and standard errors (b ± SE) adjusted for all other covariates in the model
Separate models were estimated for men and women

0.185
0
0
0.102
0.032
0.118
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Results

Background & Objective
Hypercholesterolemia has been widely known to be associated with increasing the risk of cardiovascular
disease. Thailand, moving towards changes in lifestyle and behavior similar to that of Western cultures, is
likely to face increasing challenges of preventing and controlling coronary heart disease.
Notably, cardiovascular diseases have been the leading cause of death in Thailand since 1987. Lipid
concentrations and mean blood pressure values have increased among Thais during the period of 19851997. However, relatively little is known about the epidemiology of dyslipidemia in Thai men and women.
We examined risk factors of hypercholesterolemia and correlates of serum lipid and lipoprotein
concentrations among Thai men and women using multivariate analytical methods.

Materials & Methods
We conducted a cross-sectional study of 1,392 patients (380 men and 1,012 women) who participated in
annual health examinations at the Preventive Medicine Clinic of the King Chulalongkorn Memorial Hospital
in Bangkok, Thailand during the period of August through February 2000.
During routine clinic visits participants were asked to provide information about demographics and lifestyle
behaviors, as well as medical history. Participants underwent routine physical examinations and overnight
fasting venous blood samples were collected to determine participants’ lipid profiles.
All analyses were completed separately for male and female patients. Statistical analyses were performed
using SPSS (version 13.0, SPSS Inc. Chicago, IL, USA) software.

Table 1. Statistically significant variables of study population according to hypercholesterolemia status, Bangkok, Thailand, July
1999-February 2000.

♦65.9% of women were hypercholesterolemic.

Covariate
Age Group (Years)
< 20
20 – 29
30 – 39
40 – 49
50 – 59
60 – 69
≥ 70

♦The risk of hypercholesterolemia was increased with increasing age among males and females.
♦In men, previous alcohol consumption, but not current consumption was a risk factor for
hypercholesterolemia.
♦Women with hypercholesterolemia were more likely to be older, heavier, and to have a family
history of dyslipidemia than their counterparts without the condition.
Among Men:
Serum concentrations of total cholesterol, triglycerides, and the TC: HDL-C ratio were positively
associated with increasing age and body mass index (BMI).
A statistically significant inverse relationship was observed between BMI and serum HDL-C
concentrations.
Previous drinkers had TC concentrations that were higher than never drinkers.
Current drinkers had higher mean triglyceride and HDL-C concentrations, with TG concentrations
being marginally insignificant.
Among Women:
Age was positively associated with BMI, TC, TG, and the TC: HDL-C ratio.

We explored frequency distributions of sociodemographic, behavioral characteristics and medical histories.
We also examined the distribution of continuous variables and used the Student’s t test to assess differences
in mean values for covariates of interest among affected and unaffected subjects.

Overweight and obese women had higher mean TG concentrations.

Logistic regression procedures were used to examine the risks of having elevated total cholesterol (≥ 200
mg/dl) concentrations. Univariate and multiple variable logistic regression procedures were employed to
calculate unadjusted odd ratios (OR) of potential risk factors associated with hypercholesterolemia, along
with 95% confidence intervals for each OR.

A positive family history of dyslipidemia was associated with increased mean TC concentrations.

We used multiple linear regression models to assess the impact of several covariates on each lipid
concentration (i.e., TC, TG, HDL-C, and TC/HDL-C ratio). Adjusted R2 values were determined to find the
total variation of the dependent variable (e.g., TC, TG, and HDL-C) explained by that model.

Table 2. Odds ratio and 95%CI for selective risk factors of hypercholesterolemia among Thai
men and women, Bangkok, Thailand, July, 1999-February 2000.
Men
Women
OR
95% CI
OR
95% CI
Age (Years)
< 40
1.00
REF
1.00
REF
40 – 59
3.26
1.82-5.34
1.77
1.27-2.48
≥ 60
2.05
1.01-4.15
3.19
1.71-5.92
Body Mass Index (Kg/m2)
Underweight (<20)
1.44
0.69-3.00
0.74
0.50-1.10
Normal (20-24.99)
1.00
REF
1.00
REF
Overweight (25-29.99)
1.11
0.62-2.01
1.34
0.90-1.99
Obesity (≥30)
1.22
0.35-4.35
1.29
0.72-2.29
Drinking status
Never drinker
1.00
REF
1.00
REF
Previous drinker
2.05
1.08-3.89
0.93
0.62-1.40
Current drinker
1.18
0.67-2.07
1.00
0.56-1.81
Family History of
Dyslipidemia
No
1.00
REF
1.00
REF
Yes
1.41
0.71-2.82
1.59
1.04-2.43
All OR adjusted for all other covariates in the model
Separate models were estimated for men and women

Among Men
High Total Cholesterol
No
Yes
(N = 126)
(N = 254)
%
%

Men and Women:
♦66.8% of men were hypercholesterolemic (TC > 200 mg/dl).

β ± SE
Among men
Age 40 – 59
Age ≥ 60
BMI (kg/m2)
(<20)
(20-24.99)
(25-29.99)
(≥30)
Previous drinking
Current drinking
Family History of
Dyslipidemia
Adjusted R2

p-value

β ± SE

p-value

β ± SE

p-value

Total
Cholesterol: HDL
Cholesterol Ratio
p-value
β ± SE

0.000
0.003

40.06 ± 11.36
29.58 ± 14.29

0.000
0.039

0.05 ± 1.55
-0.16 ± 1.94

0.974
0.936

0.56 ± 0.16
0.48 ± 0.20

0.000
0.014

2.76 ± 7.68
REF
0.78 ± 6.11
14.85 ± 12.84
16.44 ± 6.48
1.82 ± 6.01
12.67 ± 7.14

0.719

-20.42 ± 14.69
REF
28.14 ± 11.67
71.36 ± 24.52
10.73 ± 12.44
18.66 ± 11.49
-11.82 ± 13.65

0.166

2.66 ± 1.99
REF
-5.63 ± 1.59
-6.26 ± 3.45
2.63 ± 1.69
4.58 ± 1.57
2.69 ± 1.86

0.183

-0.25 ± 0.20
REF
0.50 ± 0.16
1.12 ± 0.35
0.12 ± 0.17
-0.29 ± 0.16
-0.02 ± 0.19

0.218

8.10%

Among women
Age 40 – 59
16.04 ± 3.58
Age ≥ 60
31.92 ± 5.71
BMI (kg/m2)
(<20)
-9.37 ± 4.26
(20-24.99)
REF
(25-29.99)
6.16 ± 3.96
(≥30)
6.20 ± 5.67
Previous drinking
1.13 ± 4.33
Current drinking
3.54 ± 6.05
Family History of
14.67 ± 4.16
Dyslipidemia
8.50%
Adjusted R2

0.017
0.044
0.389
0.106
0.387

11.10%

0.000
0.071
0.120
0.004
0.150

7.70%

0.002
0.001
0.465
0.071
0.919

26.35 ± 5.69
57.79 ± 9.07

0.000
0.000

-1.73 ± 1.06
-1.90 ± 1.68

0.102
0.258

0.45 ± 0.09
0.75 ± 0.14

0.000
0.000

0.028

-6.97 ± 6.76
REF
32.07 ± 6.29
39.25 ± 9.01
1.59 ± 6.89
-5.12 ± 9.61
11.47 ± 6.61

0.303

1.59 ± 1.25
REF
-6.26 ± 1.17
-8.65 ± 1.67
3.94 ± 1.28
2.07 ± 1.78
1.06 ± 1.23

0.206

0.000
0.000
0.817
0.595
0.083

0.000
0.000
0.002
0.247
0.387

-0.22 ± 0.11
REF
0.61 ± 0.10
0.82 ± 0.14
-0.23 ± 0.11
-0.09 ± 0.15
0.17 ± 0.11

0.000
0.000
0.036
0.564
0.108

13.40%

9.30%

14.2
48.0
33.5
4.3
0.0

39.7
24.6
34.9
0.8

31.9
33.5
34.6
0.0

12.7
75.4
11.9

12.2
62.2
25.6

0.461

0.000
27.9
47.7
18.3
6.1
0.0

16.6
46.7
26.3
9.9
0.4

75.6
18.0
6.1
0.3

77.4
15.1
7.2
0.3

10.5
71.5
18.0

14.8
66.6
18.6

0.161

Family history of dyslipidemia
Yes
No
Unknown

0.433

0.647

0.045

17.60%

Results from our study are largely similar to those reported by investigators who have studied other
populations
We documented characteristic alterations in plasma lipids and lipoprotein concentrations in relation to
several well-established cardiovascular disease risk factors such as advanced age, increased BMI,
family history of dyslipidemia and alcohol consumption.
In regression analyses, not more than 18% of the variation in lipid and lipoprotein concentrations
could be explained by the factors retained in models multivariate models.
Thus, additional studies are needed in order to increase our understanding of the role modifiable
factors (e.g., dietary patterns and physical activity patterns) and genetic factors that influence lipid
profiles of Thai men and women.
Information gained from future studies may then be used to develop effective health promotion and
cardiovascular disease prevention programs.

14.20%

0.000
0.000

0.120
0.275
0.794
0.559
0.000

18.3
51.6
26.2
4.0
0.0

Our study confirms associations between increasing age, overweight status, and family history of
dyslipidemia as risk factors of hypercholesterolemia among Thai men and women.

27.67 ± 5.93
22.24 ± 7.47

0.899
0.248
0.012
0.762
0.077

0.4
12.2
22.8
25.6
20.9
14.2
3.9

Discussion

Previous and current alcohol consumption associated with increased HDL-C concentrations.

Table 3. Relationship between risk factor and lipid concentration: estimated linear regression
coefficients, standard errors, and p-values, Bangkok, Thailand, July, 1999 to February 2000.
Independent
Total Cholesterol
Triglyceride
HDL-Cholesterol
Covariates
(mg/dl)
(mg/dl)
(mg/dl)

Body Mass Index (Kg/m2)
Underweight (<20)
Normal (20-24.99)
Overweight (25-29.99)
Obesity (≥30)
Missing
Drinking status
Never drinker
Previous drinker
Current drinker
Missing

4.0
22.2
31.0
15.1
11.1
11.9
4.8

p-value
0.001

Among Women
High Total Cholesterol
No
Yes
(N = 344)
(N = 668)
%
% p-value
0.000
2.0
0.4
20.6
9.9
29.7
21.0
29.7
29.3
11.9
25.6
5.2
11.7
0.9
2.1

0.042
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Introduction

Results

Metabolic syndrome (MetS), also referred to as insulin resistance syndrome or syndrome X, is a cluster of
cardiovascular disease risk factors which include high blood pressure, elevated triglycerides, low high-density
lipoprotein (HDL) concentrations, impaired glucose tolerance, and excess abdominal fat. Published reports
consistently indicate that MetS increases with age and increasing body weight. Recently, investigators reported that
increased white blood cell (WBC) counts, a biological marker of systemic inflammation, is associated with
components of MetS.
Patients with metabolic syndrome (MetS) are at increased risk for developing diabetes mellitus and cardiovascular
disease. Little information exists on the prevalence and epidemiological characteristics of the MetS in Thailand.

Table 1. Prevalence of one or more abnormalities of the metabolic syndrome among Thai men and women receiving health exam.

Number of metabolic abnormalities

Men
n (%)

None

123 (32.8)

422 (41.9)

545 (39.4)

≥1

252 (67.2)

586 (58.1)

838 (60.6)

≥2

140 (37.3)

281 (27.9)

421 (30.4)

≥ 3*

59 (15.7)

118 (11.7)

177 (12.8)

≥4

16 (4.3)

39 (3.9)

55 (4.0)

5

1 (0.3)

6 (0.6)

7 (0.5)

Objectives
We sought to estimate the prevalence of MetS among a population of patients receiving annual health exams. We
also sought to study the relationship between MetS and elevated white blood cell (WBC) count.

Materials and Methods

Results

Overall, the prevalence of the MetS was 12.8%, and more common among men than women (Table 1). The prevalence of
each component of MetS is summarized in Figure 1. The three most common metabolic abnormalities in men were high
blood pressure, hypertriglyceridemia and low HDL-C. Among women, low HDL-C, high blood pressure and
hypertriglyceridemia were the most common abnormalities.

Women
n (%)

Total Cohort
n (%)

Table 3. Odds ratio (OR) and 95% confidence intervals (CI) for selected risk factors of metabolic syndrome among Thai men and women.

Men

Table 2. Adjusted means of white blood cell count (per 1,000 per µL) among Thai men and women according to selected features of metabolic Syndrome.

Among Men

During routine clinic visits participants were asked to provide information about demographics and lifestyle
behaviors, as well as medical history. Participants underwent routine physical examinations which included
determining their height, weight, resting blood pressure, and collecting an overnight fasting venous blood sample.

Variables

n

Means of WBC (95%CI)

Among Women

Logistic regression procedures were used to examine the risk of having MetS. Univariate and multivariable logistic
regression procedures were employed to calculate unadjusted odd ratios (OR) of potential risk factors associated with
metabolic syndrome.

95% CI

OR

< 40

1.00

(Referent)

1.00

(Referent)

40 – 59

3.51

1.62-7.61

8.97

4.24-18.98

≥ 60

5.97

2.53-14.10

p-value

n

Means of WBC (95%CI)

p-value

1.00

(Referent)

1.00

(Referent)

0.55

0.17-1.76

2.26

1.08-4.73

1.68

0.68-4.17

2.88

1.42-5.84

2.98

1.29-6.87

4.30

2.18-8.51

1.00

(Referent)

1.00

(Referent)

1.00

0.53-1.88

1.99

0.93-4.27

1.00

(Referent)

1.00

(Referent)

1.45

0.73-2.88

0.88

0.52-1.50

Quartile 1
Quartile 2
Quartile 3

2

BMI ≥ 25 kg/m
BMI < 25

kg/m2

14

6.99 (5.98-7.99)

356

6.75 (6.55-6.94)

151

6.81 (6.49-7.14)

85
0.648

7.37 (6.97-7.77)

904

6.72 (6.60-6.84)

300

6.98 (6.77-7.20)

0.002

SBP < 130 mmHg and DBP < 85 mmHg

219

6.72 (6.45-6.98)

81

7.08 (6.65-7.51)

689

6.69 (6.55-6.82)

114

7.24 (6.89-7.59)

0.028

FPG < 110 mg/dl

Ever smoker

Never drinker

289

6.67 (6.45-6.89)

TG ≥ 150 mg/dl

122

7.20 (6.85-7.56)

TG < 150 mg/dl

248

6.53 (6.29-6.77)

HDL-C < 40 mg/dl(men) / < 50 mg/dl (women)

92

7.17 (6.78-7.57)

HDL-C ≥ 40 mg/dl(men) / ≥ 50 mg/dl (women)

278

6.62 (6.40-6.84)

0.100

875

6.72 (6.60-6.84)

197

7.16 (6.88-7.44)

792

6.68 (6.55-6.81)

315

7.04 (6.83-7.24)

674

6.66 (6.52-6.79)

8.91-45.73

Alcohol Drinking Status

High Fasting Plasma Glucose
FPG ≥ 110 mg/dl

Quartile 4

Never smoker
0.657

20.18

Smoking Status

High Blood Pressure
SBP ≥ 130 mmHg or DBP ≥ 85 mmHg

95% CI

White Blood Cell Count (cells/µl)*

Obesity

MetS was defined using the modified ATP III criteria. Briefly, four of the five MetS components were defined using
the following ATP III categorizations: 1) high blood pressure ≥130/85 mmHg; 2) hypertriglyceridemia ≥150 mg/dl; 3)
low high-density lipoprotein-cholesterol (HDL-C) <40 mg/dl; 4) hyperglycemia or high fasting glucose ≥110 mg/dl.
The fifth component was defined based on body mass index (BMI) ≥25 kg/m2 rather than on waist circumference
measures to identify individuals with central adiposity. Participants with three of any of the five components were
classified as having MetS.

Women

OR
Age (Years)

*According to ATP III criteria, individual with ≥ 3 metabolic abnormalities was classified as having metabolic syndrome (MetS).

We conducted a cross-sectional study of 1,383 patients (375 men and 1,008 women) who participated in annual health
examinations at the Preventive Medicine Clinic of the King Chulalongkorn Memorial Hospital in Bangkok, Thailand
during the period of July 1999 through February 2000. Participants were those with no diagnosed diabetes mellitus,
hypertension and were not taking lipid- or blood pressure–lowering medication.

We next estimated multivariable logistic regression models to identify independent risk factors for MetS in our
study population (Table 3). Advanced age and elevated WBC counts were the only statistically significant risk
factors of MetS in this population. WBC count was statistically significantly correlated with high-density
lipoprotein-cholesterol and triglyceride (p<0.05). Men with highest WBC count (≥7.50 x103cell/µl) had a 2.98fold increased in risk of MetS (OR=2.98, 95% CI: 1.29-6.87), as compared with men in the lowest quartile
(<5.40 x103cell/µl). Among women, the risk of MetS increased across successive quartiles of WBC counts
(1.00, 2.26, 2.88, and 4.30, with the lowest quartile as the referent group). Men with age group 40-59, ≥60 years
had a 3.51-fold and 5.97-fold increased in risk for MetS as compared with men with age group <40
respectively, while in women, the increased risk for MetS among age group 40-59 and ≥60 were 8.97-fold and
20.18-fold of those age group <40.

0.007

Ever drinker

High Triglyceride

45.0

40.4

33.0

31.8

30.0

30.2

24.6

25.0

Discussion
0.019

0.003

BMI = body mass index; BP = blood pressure; SBP = systolic blood pressure; DBP = diastolic blood pressure; HDL = high-density lipoprotein;
WBC = white blood cells.
Separate models were estimated for men and women. Means of WBC count were adjusted for age, smoking status, drinking status, BMI,
high blood pressure, high fasting plasma glucose, high triglyceride, and low HDL-cholesterol.

Female

15.0

11.3
8.6

10.0
5.0

Male

21.5

19.8

20.0

All OR adjusted for all other covariates in the model. Separate models were estimated for men and women
*In men Q1: <5.40, Q2: 5.40-6.29, Q3: 6.30-7.49, Q4: ≥7.50. In women Q1: <5.38, Q2: 5.38-6.47, Q3: 6.48-7.69, Q4: ≥7.70

0.003

Low HDL-Cholesterol

40.0
35.0

0.003

4.2

0.0
BMI

Triglyceride

HDL-Cholesterol

Blood Pressure

FPG

Figure 1. Prevalence of Each Component of Metabolic Syndrome among Thai Men and Women.

Adjusted mean WBC counts for the different groups with respect to five components of MetS in both genders are listed in
Table 2. Generally, participants with MetS-defining abnormalities had higher WBC counts than those without MetS-defining
abnormalities. This pattern of association was evident for both men and women. Women with BMI ≥25 kg/m2, high FPG,
high TG, and low HDL-C had WBC counts that were approximately 400-600 cells/µl higher than those without metabolic
abnormalities (p-values all <0.05). Men with high TG and low HDL-C had statistically significant higher WBC count (670
and 550 cells/µl, respectively [p-values <0.05]), than those without metabolic abnormalities.

We noted that advanced age and increased WBC counts were associated with clustered components of MetS in
Thai men and women receiving routine health care in Bangkok. The prevalence of MetS in this population
was high as in those of some developed countries. Our findings emphasize the need for health intervention
programs designed to prevent, detect, and/or treat MetS. Successful implementation of such programs will
likely reduce the burden of cardiovascular disease and diabetes in an increasingly sedentary and overweight
Thai population.
Several limitations of our study merits consideration here. First, this study was cross-sectional study in design,
and thus did not permit the identification of causal relationship between WBC count and MetS. Second, some
characteristics of the present study population may be substantially different from other populations that do not
access available medical services. Therefore, the generalizability of our study may be limited and does not
reflect the general Thai population. Third, misclassification of MetS status may have occurred in our study
because we did not have direct measurements of waist circumference and thus had to use BMI as a measure of
central adiposity.

This research was supported by Rachadapiseksompoj Faculty of Medicine Research Fund Chulalongkorn University, THAILAND; and The National Institutes of Health (T37-TW00049; and T37-MD-100449), USA

Risk factors and severity of coronary artery disease among emergency
cardiology patients in the Republic of Georgia
Jason Soh1, Daniel Enquobahrie1, Guliko Chapidze2, Nona Dolidze2, Surab Vadachkoria3, Michelle Williams1,3
From 1Department of Epidemiology, University of Washington, Seattle, WA 2Emergency Cardiology Center, Tibilisi, Republic of Georgia
and 3Swedish Medical Center, Seattle, WA.

Background
• Cardiovascular diseases (CVD) are major causes of
morbidity and mortality worldwide.

Table 1. Study participant characteristics.

• Understanding risk factors associated with CVD
severity will enhance the prevention effort.

Characteristics

• We assessed the association between potential risk
factors and severity of coronary arterial disease among
a sample of emergency cardiology patients seen at a
secondary prevention clinic.

Male

21 (100.00)

73 (93.59)

94 (94.95)

Age*

40.14 (3.84)

41.79 (2.97)

41.44 (3.22)

Previous Myocardial Infarction

11 (52.38)

42 (53.85)

53 (53.54)

Angina/Unstable Angina

18 (85.71)

58 (74.36)

76 (76.77)

Single Vessel

Multi-vessel

Total

21

78

99

Total Study Population

Acute Myocardial Infarction

3 (14.29)

16 (20.51)

19 (19.19)

Congestive Heart Failure

5 (23.81)

25 (32.05)

30 (30.30)

Parental History

8 (38.10)

29 (37.18)

37 (37.37)

Sibling History

0 (0.00)

13 (16.67)

13 (13.13)

8 (38.10)
0 (0.00)
10 (47.62)
1 (4.76)
2 (9.52)

70 (89.74)
58 (74.36)
70 (89.74)
5 (6.41)
19 (24.36)

78 (78.79)
58 (58.59)
80 (80.81)
6 (6.06)
21 (21.21)

54.95 (9.28)

52.71 (11.96)

53.18 (11.44)

Arterial Stenosis
Left Anterior Descending
Left Circumflex Artery
Right Coronary Artery
Left Main Stem Artery
Other Artery
Left Ventricular Ejection Fraction*

Results

Figure 1. Plasma lipids and CAD severity level.

• Most participants had MVD (Table 1).
• SVD and MVD patients had comparable
gender, age, previous myocardial infarction
(MI) and parental MI histories, left ventricular
ejection fraction and left anterior descending
and right coronary artery involvement.

*Unit: mg/dl

• MVD patients had higher congestive heart
failure and acute MI rates compared to SVD
patients.
• Graded increases in risk for MVD with
increases of total cholesterol, triglycerides and
low density lipoprotein concentrations and
decrease of high density lipoprotein
concentrations were observed, although none of
the associations reached statistical significance
(Table 2 and Figure 1).
• Higher rates of obesity, type 2 diabetes
mellitus, dyslipidemia and metabolic syndrome
were observed among MVD patients compared
with SVD patients, although differences did not
reach statistical significance (Table 3).

* All values are n (%) except for those with * which is mean (standard deviation).

Methods
Setting: Emergency Cardiology Center in Tbilisi,
Republic of Georgia.
Study design: Cross-sectional study.
Study participants: Randomly recruited patients
(n=99) who visited the clinic for medical/surgical
treatment during the months of January through
December 2004. Participants provided informed
consent.
Data collection: Medical records were used to
obtain information on potential risk factors, medical
and surgical histories and current medical condition.
Severity of coronary arterial disease was assessed using
single vessel disease (SVD) and multi vessel disease
(MVD) dichotomy. Arterial stenosis (≥50%)
demonstrated using coronary arteriography was
considered as significant. Metabolic syndrome was
diagnosed using a modified ATPIII criterion as the
presence of ≥3 of the following characteristics;
hypertension (BP≥130/85), elevated triglycerides
(≥150mg/dl), low HDL cholesterol (<40mg/dl), type 2
diabetes mellitus, and body mass index >25mg/kg2.
Data analysis: Odds ratios were calculated to
estimate relative risks. All confidence intervals were
calculated at the 95% level. Statistical analysis was
conducted using SPSS version 13.1 software.

Table 2. Plasma lipids and severity of disease.
Single Vessel
Disease

Multi-vessel
Disease

Total Cholesterol*
Quartile 1 (<212.0)
Quartile 2 (212.1-241.0)
Quartile 3 (241.1-282.0)
Quartile 4 (>282.1)

230.3 (49.9)
6
3
3
1

252.8 (40.9)
13
16
16
16

1.00 (referent)
2.46 (0.41-17.80)
2.46 (0.41-17.80)
7.38 (0.71-360.38)

Low Density Lipoproteins*
Quartile 1 (<141.0)
Quartile 2 (140.1-170.5)
Quartile 3 (170.6-191)
Quartile 4 (>191)

145.2 (44.6)
6
4
2
1

171.2 (45.3)
13
14
17
17

1.00 (referent)
1.62 (0.30-9.56)
3.92 (0.56-44.35)
7.85 (0.76-381.59)

High Density Lipoproteins*
Quartile 1 (<30.0)
Quartile 2 (30.1-34.0)
Quartile 3 (34.1-40.0)
Quartile 4 (>40.1)

39.9 (10.8)
1
5
2
5

34.3 (7.7)
21
16
11
13

8.08 (0.74-399.70)
1.23 (0.23-6.65)
2.12 (0.27-25.80)
1.00 (referent)

Triglycerides*
Quartile 1 (<157.0)
Quartile 2 (157.1-178.5)
Quartile 3 (178.6-238.0)
Quartile 4 (>238.1)

191.9 (75.8)
2
5
4
2

204.9 (83.2)
17
13
15
16

1.00 (referent)
0.31 (0.03-2.32)
0.44 (0.04-3.67)
0.94 (0.06-14.46)

* mean (standard deviation) in mg/dl
** P-value of chi-square statistic for homogeneity.

Odds Ratio

Table 3. Risk Factors and Severity of CAD.
P-value

Characteristics*

Single Vessel

Multi-vessel

Total

BMI (kg/m2)

0.063**
0.52
0.11
0.043
0.028**
0.041
0.78
0.42
0.61**
0.18
0.37
0.95

0.16
<25
<25-30
>30

15 (71.43)
5 (23.81)
1 (4.76)

57 (73.08)
8 (10.26)
13 (16.67)

72 (72.73)
13 (13.13)
14 (14.14)

Previous
Current
Non-Smoker

3 (14.29)
14 (66.67)
4 (19.05)

21 (26.92)
35 (44.87)
22 (28.21)

24 (24.24)
49 (49.49)
26 (26.26)

10 (47.62)

40 (51.28)

50 (50.51)

0.77

0 (0.00)

10 (12.82)

10 (10.10)

0.11

Psychosocial Stress

12 (57.14)

44 (56.41)

56 (56.57)

0.95

Physical Inactivity

3 (14.29)

5 (6.41)

8 (8.08)

0.36

0.10**
0.25
0.25
0.052

P value**

Smoking

Hypertension
Diabetes Type II

Dyslipidemia
Metabolic Syndrome

0.25

13 (61.90)

61 (78.21)

74 (74.75)

0.13

5 (23.81)

29 (37.18)

34 (34.34)

0.25

*All values are n (%).
**P value corresponding to chi-squared statistic.

• Current smoking was common among SVD
patients, while MVD patients had higher rate of
past smoking.

Conclusion
• A trend for associations between increased
severity of arterial disease and traditional
cardiovascular risk factors; dyslipidemia,
obesity, type 2 diabetes and metabolic syndrome
was observed.
• Lack of power is the main limitation of the
study.
• The discrepancy between smoking and
severity of illness could be a reflection of the
prevention effort.
• Larger studies that investigate associations
between these risk factors and coronary arterial
diseases in this population are warranted.
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Introduction

Results-1

Table 3, OR and 95% CI of preeclampsia risk according to n-6 fatty acids

Maternal
Characteristics

Erythrocyte Fatty Acids
Content (mM)

1 (Low)

2

3

4 (High)

Trend
P value*

Control Subjects
(N = 100)
Number

17
64
18
27.1±0.71

16
68
16
26.1±.0.6

Omega-6 Fatty Acids
18:2n-6, LA
Interval
No. of Cases/Controls
Unadjusted OR (95%CI)
**
Adjusted OR (95%CI)

<34.13
35/25
2.3 (1.0-5.3)
2.7 (1.0-7.1)

34.13-45.41
34/25
2.3 (0.9-5.2)
2.0 (0.8-5.0)

45.42-55.11
15/25
1.0 (0.4-2.5)
0.8 (0.3-2.3)

≥55.12
15/25
1.0
1.0

0.01
0.01

66
15
43
47
1
63

65
16
30
43
1
37

20:3n-6
Interval
No. of Cases/Controls
Unadjusted RR (95%CI)
**
Adjusted RR (95%CI)

<3.90
34/24
3.0 (1.2-7.0)
3.5 (1.3-9.4)

3.90-5.95
32/26
2.6 (1.1-6.1)
2.3 (0.9-6.0)

5.96-8.27
21/24
1.8 (0.71-4.3)
1.9 (0.7-5.3)

≥8.28
12/26
1.0
1.0

0.007
0.01

10
51
23
8
24.2±0.41

12
61
20
4
23.3±0.3

Arachidonic acid (20:4n-6, AA)
Interval
<148.6
No. of Cases/Controls
30/25
Unadjusted RR (95%CI)
1.5 (0.7-3.3)
**
Adjusted RR (95%CI)
1.5 (0.6-3.7)

148.6-220.1
23/25
1.2 (0.5-2.6)
1.0 (0.4-2.7)

220.2-374.7
26/25
1.3 (0.6-2.9)
1.1 (0.4-2.8)

≥374.8
20/25
1.0
1.0

0.39
0.48

22:4n-6
interval
No. of Cases/Controls
Unadjusted RR (95%CI)
**
Adjusted RR (95%CI)

<7.35
32/24
2.0 (0.9-4.6)
2.6 (0.9-6.8)

7.35-11.47
29/26
1.7 (0.8-3.8)
1.7 (0.7-4.2)

11.48-18.29
21/24
1.3 (0.6-3.1)
1.4 (0.5-3.8)

≥18.30
17/26
1.0
1.0

0.07
0.05

Σ long-chain n-6 fatty acids
Interval
<172.0
No. of Cases/Controls
30/25
Unadjusted OR (95%CI)
1.5 (0.7-3.3)
**
Adjusted OR (95%CI)
1.5 (0.6-3.8)

172.0-257.5
26/25
1.3 (0.6-2.9)
1.2 (0.5-3.1)

257.6-422.4
23/25
1.2 (0.5-2.6)
1.0 (0.4-2.6)

≥422.5
20/25
1.0
1.0

0.29
0.35

Unmarried
<12 yeas of education
Nulliparous
No prenatal vitamin use
Smoked during pregnancy
C-section delivery*
Pre-pregnancy body mass index (kg/m2)
<19.9
20-24.9
25-29.9
≥30
Pre-pregnancy body mass index (kg/m2)

Figure 2: typical n-3; n-6 polyunsaturated fatty acids and their effect on synthesis of the eicosanoids
and cytokines, which related to preeclampsia risk (Note: “--->” refer to inhibitory effect. )

Preeclampsia is associated with altered synthesis of the eicosanoids thromboxane (TX) and
prostacyclin (PG). Importantly, an elevated ratio of thromboxane A2 (TXA2) to prostacyclin I2
(PGI2) is evident in maternal plasma and placental tissue of patients with preeclampsia (1).
It has been suggested that supplementing the diet of pregnant women with n-3 fatty acids may
lead to a reduced risk of preeclampsia (2). Numerous studies have also documented the
association between the alteration of dietary maternal blood n-6 fatty acids and risk of
preeclampsia (3). However, not all studies reported similar results.

Quartiles of Erythrocyte Fatty Acids

Preeclampsia Cases
(N = 99)
Number

Maternal age (years)
<19
19-34
≥35
Maternal age (years)

Figure 1: the metabolism of n-3 and n-6 poly-unsaturated fatty acids

Results-3

Table 1. Distribution of preeclampsia cases and controls
according to selected characteristics.

1

Gestational age at delivery (weeks)*
38.8±0.3
37.3±0.3
1
Mean ± Standard Error (SE).
*
P value from Chi-square test (categorical variables) or from Student t test (continuous
variables) <0.01.

Results-2
Table 2. OR and 95% CI of preeclampsia risk according to n-3 fatty
acids

*

P value for linear trend.
Adjusted for parity, pre-pregnancy body mass index and gestational age at delivery.

**

Quartiles of Erythrocyte Fatty Acids

Objective
This case-control study was conducted in Lima, Peru, from June 1997 through January 1998 to
assess whether alterations in maternal erythrocyte omega-3 (n-3) and omega-6 (n-6) fatty acids
were associated with increased risk of preeclampsia.

Materials and Methods
Potential study participants were recruited between June 1997 and January 1998 as part of a
case-control study designed to examine the epidemiology of preeclampsia among Peruvian
women. The Ethical Committee of the Dos De Mayo Hospital, the Materno-Perinatal Institute
of Lima, and the Human Subjects Committee of the University of Washington Medical Center
approved this investigation. A total of 100 preeclampsia and 100 normo-tensive pregnant
women were randomly selected for the current project. Preeclampsia definition was then-current
ACOG 1996 criteria (4).
Maternal erythrocyte (which was collected at labor and delivery) n-3 and n-6 fatty acids were
determined using capillary gas chromatography/mass spectrometry and expressed as micromolar
(mM) concentrations.
We employed logistic regression procedures to estimate odds ratios (ORs) and 95% confidence
intervals (CIs).

Erythrocyte Fatty Acids
Content (mM)

1 (Low)

2

3

4 (High)

Omega-3 Fatty Acids
18:3n-3, ALA
Interval
No. of Cases/Controls
Unadjusted OR (95%CI)
**
Adjusted OR (95%CI)

<0.96
36/22
3.7 (1.5-9.0)
4.2 (1.5-12.1)

0.96-1.01
31/26
2.7 (1.1-6.5)
2.7 (0.9-7.2)

1.02-1.16
21/27
1.8 (0.7-4.4)
1.5 (0.5-4.3)

≥1.17
11/25
1.0
1.0

0.002
0.004

20:5n-3, EPA
Interval
No. of Cases/Controls
Unadjusted OR (95%CI)
**
Adjusted OR (95%CI)

<3.13
23/24
1.9 (0.8-4.6)
2.3 (0.8-6.5)

3.13-3.85
39/26
3.0 (1.3-6.9)
3.2 (1.2-8.5)

3.86-5.38
24/24
2.0 (0.8-4.8)
1.8 (0.7-5.0)

≥5.39
13/26
1.0
1.0

0.10
0.06

22:5n-3
Interval
No. of Cases
Unadjusted OR (95%CI)
**
Adjusted OR (95%CI)

<7.21
23/24
2.2 (0.9-5.4)
2.8 (0.9-8.1)

7.21-12.23
38/26
3.3 (1.4-7.9)
3.4 (1.3-9.2)

12.24-23.44
27/25
2.5 (1.0-6.0)
2.8 (1.0-7.9)

≥23.45
11/25
1.0
1.0

0.09
0.06

22:6n-3, DHA
Interval
No. of Cases/Controls
Unadjusted OR (95%CI)
**
Adjusted OR (95%CI)

<7.95
23/25
1.9 (0.8-4.7)
1.8 (0.9-8.1)

7.95-14.49
32/24
2.8 (1.2-6.6)
2.8 (1.0-7.5)

14.50-39.39
32/26
2.6 (1.1-6.1)
3.1 (1.1-8.4)

≥36.40
12/25
1.0
1.0

0.24
0.11

Σ long-chain n-3 fatty acids
Interval
<19.3
No. of Cases/Controls
29/25
Unadjusted OR (95%CI)
2.6 (1.1-6.4)
**
Adjusted OR (95%CI)
3.3 (1.2-9.5)

19.3-30.0
26/25
2.4 (0.9-5.8)
2.4 (0.9-6.5)

30.1-67.0
33/25
3.0 (1.2-7.2)
3.3 (1.2-9.1)

≥67.0
11/25
1.0
1.0

*

Trend
P value*

Summary and Discussion
We elected to test fatty acids in erythrocytes since erythrocyte turnover is approximately 120
days and erythrocyte fatty acids profiles might reflect relative patterns of dietary fat intake
over a 2- or 3-month period before the blood collection.
N-3 fatty acids were consistently lower in preeclampsia cases than controls. These results
were consistent with previous studies (5, 6).
Unlike previous studies (3, 7), there was no clear evidence of an association between
arachidonic acid (20:4n-6, AA) and preeclampsia risk.
Lack of information pertaining to maternal dietary habits limited our ability to assess
maternal habitual dietary intake of these fatty acids and other nutrients in relation to the risk
of preeclampsia. Future studies are warranted.

0.12
0.07

P value for linear trend.

**

Adjusted for parity, pre-pregnancy body mass index and gestational age at delivery.
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