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Background The relative importance of atherosclerotic risk factors, such as hypertension, dyslipidemia, diabetes and
smoking, was associated with cardiovascular events and varied among different ethnic groups. For a population with
relatively low coronary heart disease (CHD) such as Asian-Pacific countries, it is crucial to differentiate the roles of these
risk factors.
Methods We examined the relative importance of various risk factors for CHD in a community-based cohort in Taiwan,
consisting of 3602 adults aged 35 and older with a median follow-up time of 9.0 years since 1990. Regular death certificate
verification and medical record reviews were performed in the follow-up activities.
Results There were 85 cases defined as CHD. In the Cox proportional hazard analysis, men were at higher risk than women
[hazard risk (HR) = 2.22, 95% confidence interval (CI) = 1.39–3.56]. Hypertension was the most common risk factor for CHD.
Dyslipidemia, especially lowered high-density lipoprotein cholesterol, also played an important role (HR = 2.09, 95%
CI = 1.33–3.29) in CHD events. Hypertension had a greater influence in males (HR = 6.08, P < 0.001) than in females
(HR = 2.80, P < 0.001). No independent association was found for smoking or body mass index in cardiovascular events.
Conclusion This study found that in a community-based cohort, hypertension, and dyslipidemia attribute an important role
to cardiovascular events. Eur J Cardiovasc Prev Rehabil 12:95–101 c 2005 The European Society of Cardiology
European Journal of Cardiovascular Prevention and Rehabilitation 2005, 12:95–101
Keywords: risk factors, coronary heart disease, cohort study

Introduction
Atherosclerotic risk factors, such as hypertension, diabetes and dyslipidemia, represent significant predictors
for several cardiovascular diseases including coronary
heart disease (CHD) [1,2]. Intervention against these
risk factors can efficiently reduce the risk of cardiovascular diseases [3,4]. Evidence indicates that cardiovascular disease can be viewed as a predictable and
preventable disease [5–7]. However, the relative importance of the risk factors varies in different ethnic groups.
Different events can be related to different risk profiles.
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In the Asian-Pacific area, because of relatively low CHD,
the associated risk factors and the impact on the disease
may differ from western countries [8,9].
Although clinical trials have provided scientific evidence
for single risk factor intervention on one primary endpoint
[10–12], only a prospective cohort design can elucidate
the relative importance of multiple risk factors on
multiple outcomes. For example, the Framingham Heart
study has contributed substantially to our understanding
of the causes of CHD [6]. Risk score algorithms have
been developed for predicting CHD events and are
useful for Caucasian populations, but implications of
these risk scores for Asian-Pacific populations remain
undetermined. The present study investigated the risk
profiles for CHD in a community cohort in Taiwan. The
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cohort participants were first recruited and examined in
1990 and 1991 and CHD and other cardiovascular
diseases (CVD) that have developed subsequently have
been documented annually over an 11-year follow-up
period. Several statistical parameters for assessing the
relative importance of prognostic factors were compared
in this community.

Materials and methods
Study population

This community-based cohort has been described elsewhere [13]. Briefly, the participants were 1703 men and
1899 women aged 35 years and above, homogenous in
Chinese ethnicity. The Chin-Shan Community Cardiovascular (CCC) study cohort was established in 1990
[14,15], approximately 30 km north of metropolitan
Taipei, in Taiwan.
For the baseline survey, all study participants were
individually interviewed with a structured questionnaire.
Trained medical students canvassed door-to-door visits,
with the assistance of community leaders, to extend
invitations for the baseline survey to collect information
including socio-demographic characteristics, lifestyle,
dietary characteristics, personal and family histories of
diseases and hospitalizations. With the consent of
participants, the cardiologists from National Taiwan
University Hospital conducted the medical examinations
at baseline and follow-up check-up with the approval of
the hospital institutional review committee. A 12-lead
electrocardiography was also performed for each participant and two cardiologists, who were blinded to the
study, evaluated the results. Residents who were very ill
were excluded from this study cohort. Persons with
previous myocardial infarction were included, but we did
not include their survival time for risk measures in the
present study. Only newly diagnosed cases of cardiovascular disease were used. The non-respondents were 95
refusals and 652 individuals who worked out of the town
and so were unavailable to participate (respondent rate
82.8%).

Low-density lipoprotein cholesterol (LDL-C) concentrations were calculated as ‘total cholesterol minus cholesterol in the supernatant’ by the precipitation method
(Merck 14992) [17].
Definition of binary risk factors

Hypertension was defined according to the criteria
established by the Sixth Joint National Committee on
Detection, Evaluation and Treatment of High Blood
Pressure [18]. Persons with systolic blood pressure higher
than 140 mmHg and/or diastolic blood pressure higher
than 90 mmHg, and/or receiving anti-hypertensive medication were considered as hypertensive. Diabetes
mellitus was defined as fasting blood sugar levels higher
than 126 mg/dl or use of oral hypoglycemic agents or
insulin injections [19]. Dyslipidemia was defined as to
have serum cholesterol Z 240 mg/dl, HDL-cholesterol
r 40 mg/dl, LDL-cholesterol Z 160 mg/dl or triglyceride Z 200 mg/dl. Smoking status was defined by current
smoking history. Individuals with a body mass index Z 25
were considered as overweight, and Z 30 as obese, based
on the WHO criteria [20], or Z 27 for Taiwanese adult
survey data [21].
Ascertainment of incident CHD

Incident cases in the CCC cohort were ascertained by
reviewing medical records and death certificates from the
local vital statistics office, and by bi-annual follow-up
household visits. Individuals with coronary insufficiency
during the follow-up period were considered as non-fatal
CHD cases, including cardiac intervention procedures
such as angioplasty, and stent deployment. Death from
acute myocardial infarction, sudden death and coronary
artery lesion were considered as fatal CHD. All preliminary diagnoses, medical records, death certificates
and interviews with patient relatives, for the purpose of
gathering information of related events, were presented
to this committee. The physicians conducted the
conference to clarify causes of events and deaths without
knowing the status of the subjects. The study committee
members conducted medical record verification and
diagnostic meetings on a regular basis [14,22].

Specimen collection and examination

A venous blood sample of a 12-h overnight fast was taken
from each participant, refrigerated and transported within
6 h back to the National Taiwan University Hospital.
Serum samples were then stored at – 701C prior to the
batch assay for total cholesterol, triglyceride, low-density
lipoprotein (LDL) cholesterol, and high-density lipoprotein (HDL) cholesterol and other biochemical measurements. Standard enzymatic tests for serum cholesterol
and triglyceride were used (Merck 14354 and 14366,
Germany, respectively). High-density lipoprotein cholesterol (HDL-C) levels were measured in supernatants
after the precipitation of specimens with magnesium
chloride phosphotungstate reagents (Merck 14993) [16].

Statistical analysis

Sex and age-specific incidence rates of CHD were
calculated using person-years at risk between the baseline survey and December 2001. Mean and standard
deviation for continuous variables and prevalence rates of
binary measures were determined.
The relative importance of risk factors in the Cox
regression was measured by several parameters. First,
standardized hazard risk and related P values were
compared [6]. The age-adjusted coefficients were
obtained from the proportional hazard model. Each
of the standardized hazard coefficient measures was
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compared; its magnitude represented the contribution of
a risk factor to the CHD events. The statistical
significance (i.e., the P value) also gives an indication of
the importance of the risk factor. Second, the area under
(the receiver operating characteristic, ROC) curve (AUC)
was used to compare the prognostic importance of
continuous variables [23]. It can be considered as a
global performance indicator of a prognostic factor. Third,
we used the parameter, population attributable risk
(PAR), in the binary risk factor analysis. Population
attributable risk can be used to describe the percentage
of the risk reduction if the risk factor was eliminated from
the population. It is a useful indicator to evaluate the
impact on the overall occurrence of cardiovascular events
[24]. Fourth, we used the Gini index (a summary index
for the Lorenz curve), to describe the impact fraction
of a risk factor and to provide greater prognostic meaning
and public health implication [25]. Finally, we used
the proportion of explained variation (PEV) in the Cox
model – another index for predictive accuracy [26]. In
this index, the R-square parallel in the general linear
model, can be considered to evaluate the relative
importance of risk factors. The best-fit model was chosen
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by stepwise selection options (entry P = 0.2, stay
P = 0.1). If the selected model fit the data, we checked
the assumption if the hazard ratio was proportional
over time. All data analyses were performed using SAS
(version 8.02; SAS institute Inc., Cary, North Carolina,
USA) and STATA version 7.0 software (StataCorp,
College Station, Texas, USA).

Results
As of December 2001, the whole cohort was followed for
an average of 8.5 years, with a median of 9.0 years. There
were 85 cases defined as CHD events, including 64 nonfatal CHD and 21 fatal CHD events. Figure 1 plots the
incidence of CHD by gender and age. The CHD rates,
with an average 3.92 per 1000 person-years, increased
from 1.19–9.01 per 1000 person-years in men as the
age increased, and from 0.88–5.41 per 1000 person-years
in women.
Tables 1–4 summarize the contribution of each selected
risk factor on the incidence of CHD events. In the
continuous variable model, age, hypertension, and HDLcholesterol exhibited a significant contribution to CHD
events for both men (Table 1) and women (Table 2),
while triglyceride was also significant among women and
LDL-cholesterol significant among men. In the binary
model, also, hypertension, high cholesterol and high LDL
cholesterol and low HDL cholesterol were significant
predictors of CHD for men (Table 3), while hypertension, low HDL cholesterol, high LDL cholesterol and
overweight status significantly predicted a CHD event
for women (Table 4). Smoking, diabetes and obesity were
not significant factors for predicting a CHD event in both
genders Table 5.
By stepwise selection for the best subset model to predict
a CHD event, we found that age, gender, continuous
LDL cholesterol, hypertension, low HDL cholesterol and
a body mass index (BMI) greater than 27 kg/m2 were
included in the model, and global test of proportional
hazard assumption was not rejected (P = 0.317). In this

Table 1 The estimated standardized hazards, Gini index (GI), area under receiver operating curve and proportions of explained variance of
various continuous factors for coronary heart disease in men: the Chin-Shan Community Cardiovascular Cohort study
Coronary heart disease
Risk factors
Age (year)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Body mass index (kg/m2)
Total cholesterol (mmol/l)
Triglyceride (mmol/l)
HDL-cholesterol (mmol/l)
LDL-cholesterol (mmol/l)
Glucose (mmol/l)

Mean

SD

Standardized hazard

GI

AUC

PEV (%)

55.8
124.2
77.0
22.96
4.98
1.46
1.20
3.43
6.11

12.2
19.2
11.1
3.27
1.15
1.12
0.33
1.12
1.58

2.09***
1.43**
1.01
1.20
1.33*
1.14
0.59**
1.48***
1.22

0.3528
0.4057
0.2422
0.0558
0.3914
0.3707
0.3781
0.3171
0.4342

0.680
0.616
0.502
0.559
0.593
0.565
0.362
0.647
0.593

–
–
0.00
0.80
0.50
0.04
0.35
1.06
–

*P < 0.05; **P < 0.01; ***P < 0.001; – , negative value; BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PEV, proportion of explained
variance; AUC, area under receiver operation curve.
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Table 2 The estimated standardized hazards, Gini index (GI), area under receiver operating curve and proportions of explained variance of
various continuous factors for coronary heart disease in women: the Chin-Shan Community Cardiovascular Cohort study
Coronary heart disease
Risk factors
Age (year)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Body mass index (kg/m2)
Total cholesterol (mmol/l)
Triglyceride (mmol/l)
HDL-cholesterol (mmol/l)
LDL-cholesterol (mmol/l)
Glucose (mmol/l)

Mean

SD

Standardized hazard

GI

AUC

PEV (%)

54.1
126.9
77.3
23.93
5.24
1.39
1.25
3.67
6.12

12.4
21.8
11.2
3.51
1.18
1.04
0.32
1.15
1.89

3.06***
2.15***
1.58**
1.28
1.25
1.30*
0.52**
1.35
1.03

0.3338
0.5123
0.4092
0.0649
0.2844
0.3499
0.3166
0.3874
0.3905

0.793
0.757
0.620
0.603
0.593
0.615
0.364
0.610
0.475

–
2.14
–
–
0.94
–
–
1.27
–

*P < 0.05; **P < 0.01; ***P < 0.001; – , negative value; BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PEV, proportion of explained
variance; AUC, area under receiver operation curve.

The prevalence rate, estimated hazards, Gini index (GI), population attributable fraction, and proportions of explained variance of
various binary factors for coronary heart disease in men: the Chin-Shan Community Cardiovascular Cohort study

Table 3

Coronary heart disease
Factors
Smoking (Yes)
Hypertension
Diabetes
Cholesterol Z 240
TG Z 200
HDL r 40
LDL Z 160
Overweight, BMI Z 25
BMI Z 27
Obese, BMI Z 30

Prevalence rate (%)

Hazard risk

GI

PAR (%)

PEV (%)

71.1
26.9
13.8
14.1
14.4
36.5
24.7
25.1
10.9
2.7

1.08
2.80***
1.28
2.41**
1.75
2.89***
2.24**
1.24
1.69
1.23

0.0169
0.2298
0.0270
0.1415
0.0810
0.2588
0.1821
0.0599
0.0755
0.0095

5.38
32.58
3.71
16.56
9.74
40.82
23.44
5.69
6.98
0.62

0.00
–
–
0.28
0.09
0.50
0.55
0.29
0.45
0.05

*P < 0.05; **P < 0.01; ***P < 0.001; – , negative value; BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; BMI, body mass index;
PAR, population attributable risk; PEV, proportion of explained variance; TG, triglycerides.

Table 4 The prevalence rates, estimated hazards, Gini index (GI) population attributable fraction, and proportions of explained variance of
various binary factors for coronary heart disease in women: the Chin-Shan Community Cardiovascular Cohort study
Coronary heart disease
Factors
Smoking (Yes)
Hypertension
Diabetes
Cholesterol Z 240
TG Z 200
HDL r 40
LDL Z 160
Overweight, BMI Z 25
BMI Z 27
Obese, BMI Z 30

Prevalence rate (%)

Hazard risk

GI

PAR (%)

PEV (%)

5.3
32.4
12.6
19.8
12.0
27.0
31.5
34.4
17.7
4.9

1.46
6.08***
1.52
1.71
2.32
2.64**
2.24*
2.11*
2.17
0.73

0.0115
0.4252
0.0361
0.0942
0.1072
0.2001
0.2217
0.1921
0.1251
0.0163

2.39
62.18
6.14
12.31
13.71
30.67
28.11
27.65
17.15
– 1.35

–
0.73
–
0.58
–
–
1.87
–
–
0.12

*P < 0.05; **P < 0.01; ***P < 0.001; – , negative value; BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; BMI, body mass index;
PAR, population attributable risk; PEV, proportion of explained variance; TG, triglycerides.

model, age, hypertension and low HDL cholesterol had
the highest hazard risk of more than 2.0.

Discussion
To the authors’ knowledge, this is the first paper detailing
a systematic investigation for the relative importance of
risk factor profiles in CHD for the ethnic Chinese based
on a community cohort. This study demonstrated that
systolic blood pressure and age are shared risk factors for

CHD in the population. High-density lipoprotein cholesterol played an important role in CHD events for both
men and women. Occurrence of CHD events was also
associated with LDL-cholesterol in men, and obesity in
women. (We observed increasing CHD events among
men and women with diabetes mellitus, but not to any
level of significance).
A national health interview survey has indicated that the
mortality rates from CHD were prevalent among ethnic
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Table 5

The best selection subset for prediction of coronary heart disease in Chin-Shan Community Cohort follow-up
Coronary heart disease

Factors
Age
Gender (women/men)
Hypertension
LDL-cholesterol (mmol/l)
HDL-cholesterol r 40
BMI Z 27

Hazard risk
2.24
0.39
2.22
1.25
2.09
1.63

95% Confidence interval
1.75
0.24
1.39
1.03
1.33
0.94

P value
2.87
0.62
3.56
1.53
3.29
2.81

< 0.0001
< 0.0001
0.001
0.028
0.001
0.083

BP, blood pressure; HDL, high-density lipoprotein; LDL, low density lipoprotein; BMI, body mass index (kg/m2).

populations in Taiwan [27]. Therefore, CHD prevention
in the community should be a first priority for any public
health promotion [14]. Blood pressure control has been
considered as the most important risk factor in preventing CHD [18,28]. In the Framingham study, diastolic
blood pressure was not considered a dependent risk factor
[29,30]. Our study showed that diastolic blood pressure
could add more information in explaining CHD events.
Consistent with other Taiwanese studies, as well as the
Framingham study, this study clearly demonstrates a
strong inverse relationship between HDL-cholesterol and
CHD risk [31–33]. Hypertension appeared a greater
population attributable risk of CHD than hypertension.
Furthermore, LDL cholesterol played a more important
role as contributor to CHD events than did total
cholesterol by AUC criteria.
Diabetes mellitus played a non-significantly independent
role in CHD events. Effects of diabetes on CHD might be
blunted by other atherosclerotic risk factors such as
hypertension and dyslipidemia, due to clusters of metabolic
syndrome. Although having no independent role in CHD,
multifactor intervention on diabetes is still mandatory to
prevent atherosclerosis progress. Also, the role of diabetes
in women’s health has been clearly demonstrated [34,35]. A
recent study clearly showed that lifestyle intervention
could slow diabetes progression in a high-risk population; so
aggressive intervention by exercise and lifestyle modification is strongly recommended [36].
In this study, smoking rate was much higher in men than
in women (71.1 versus 5.3%). We cannot find smoking as
an independent risk factor for CHD. The direction of
hazard risk was still more than one (1.08 in men and 1.46
in women), indicating that smoking was an insignificant
risk factor for CHD. We did not specify the amount of
smoking per day. The binary variable of smoking status
reduced the power of the predictive model. Lack of
association of smoking and CHD events might be the
result of a failure to define lifelong non-smokers as the
reference group, and non-differential misclassification of
smoking status also decreased the magnitude of risk
estimation. The recent meta-analysis showed wide hazard
risk ranges for smoking on CHD events [37].

Associated with hypertension, dyslipidemia, and adultonset diabetes, obesity makes a significant contribution
to metabolic syndrome. But, many population-based
cohort studies cannot demonstrate an independent role
for obesity in cardiovascular events [37]. Consistent with
findings observed in the Framingham and PROCAM
studies, we barely found a moderate effect by either
continuous BMI or binary obesity index, [38,39]. It
implied that obesity might serve as an intermediate factor
for atherosclerosis. Body weight control is an essential
element in any preventive program in the community and
should still be emphasized.
In this study, we used several methods to evaluate the
relative importance of risk factors for CHD, and we found
that standardized hazards gave more consistent results for
continuous variables. The Gini index, a global indictor for
prognostic factors, also provided comparable results.
However, the method of proportions of explained
variance did not show good discrimination. This might
have been due to the censored data for CHD events (up
to 90%). The amount of predictive accuracy is often low
even if there are high significant risk factors [26].
This study had several limitations. First, we could not
separate the independent effects of various risk factors
due to correlation among these risk factors. Sophisticated
statistical methods such as a classification tree may
provide another way to handle dependency and interaction between risk factors. Second, we used a single
baseline measure for risk factors to assess their impact on
further events. Time-dependent covariate models or
composite risk factors such as metabolic syndrome have
a higher power for causation reference. Furthermore,
because risk factors were measured once in this cohort,
issues of regression to mean and regression–dilution bias
should be considered [40]. Intra-individual variability of
risk factor profiles and correction for regression–dilution
bias should be implemented if the intervals of measurements were long [41]. Third, the effects of lifestyle
pattern change on the cohort since 1990 due to economic
progress in Taiwan were not estimated. In addition, the
effectiveness of treatment regimens for hypertension,
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hyperlipidemia and diabetes greatly modified the individual outcomes. Finally, although biological mechanisms
suggested independent causal roles for each risk factor,
only clinical trial interventional studies can confirm the
causal inferences generated by observational studies.
Although this cohort population cannot fully represent
the Taiwanese population, the results can still be
generalized to adult Taiwanese, and is particularly
suitable to identify risk factors responsible for precipitating CHD in this country, which has a relatively lower
incidence then western countries.

13

In summary, this study confirmed the presence of a
consistent and strong relationship between elevated
blood pressure and lower HDL-cholesterol in cardiovascular risk.
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