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Background: The Framingham score, which was developed in the United States, is often calibrated and
used in various countries to predict 10-year risk of coronary events, based on the measurements of age,
sex, total cholesterol, high-density lipoprotein cholesterol (HDL-C), smoking status, and systolic blood
pressure. However, no calibration coefficient is currently available for Taiwan.

Methods: Data from the Taiwanese Survey on Hypertension, Hyperglycemia, and Hyperlipidemia
(TwSHHH) were used to calibrate the Framingham equation for Taiwanese usage and compared with
coefficients of the Chinese Multi-provincial Cohort Study (CMCS). Coronary events were identified
through the link to National Health Insurance claim data and the national death registry for 2011. The
risk factors were total cholesterol (mg/dL), systolic blood pressure (mmHg), cigarette smoking (yes/no),
and diabetes (yes/no). The mean of these risk factors and the baseline survival probability were derived
from TwSHHH. They were applied to the Framingham score function. Finally, the ratio of observed/
predicted was applied to calibrate the predicted probabilities.

Results: When applying the Framingham function, agreement between the predicted and observed risk
matched reasonably well in Taiwanese males, but not in females. The CMCS coefficients did not fit the
Taiwanese population well. We recommend using 0.7958 and 1 as calibration coefficients for males and
females, respectively.

Conclusion: We generated Framingham calibration coefficient for the Taiwanese population. We
recommend that the mean of predictors and the baseline survivorship derived from TWSHHH should be
used in the model. Nonetheless, it is crucial to develop a risk function specific for this population.

Copyright © 2019, Taiwan Society of Geriatric Emergency & Critical Care Medicine.

1. Introduction

jority of Western populations, except for people in the United
Kingdom, New Zealand, and some groups in the United States.

Risk prediction equations for chronic diseases are often used to
raise patient awareness of disease risk factors. Since the develop-
ment of the Framingham score’ to assess the risk of cardiovascular
disease, many risk prediction models have been developed. The
Framingham score predicts 10-year risk of coronary events based on
age, sex, total cholesterol, high-density lipoprotein cholesterol,
smoking status, and systolic blood pressure. D’Angostino and
colleagues found that the risk prediction function performed well in
males, but overestimated the risk in females. Thus, they developed
sex-specific Framingham scores and applied them to cohorts with
various ethnic backgrounds.2

In a systematic review, Eichler and colleagues validated the
Framingham score in 25 cohorts from different populations.3 They
found heterogeneity in the prediction of first-time coronary events.
Overall, the Framingham score overestimated the risk for the ma-
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The Asia Pacific Cohort Studies Collaboration evaluated the
accuracy of several tools in predicting coronary events in Asia.?
Similar to Western populations, there was heterogeneity in the risk,
with the predicted risk for the Taiwanese population being higher
than those observed in Chinese and other Asian populations. Age
and smoking were found to have similar effects on the risk of
cardiovascular events across different populations, whereas hetero-
geneity existed in the association between total cholesterol and
cardiovascular events.* The Chinese Multi-provincial Cohort Study
(CMCS) assessed the validity of the Framingham function in the
Chinese population.5 Liu et al reported that the original Framingham
function consistently overestimated the absolute risk of coronary
heart disease (CHD) in the Chinese population.5 Therefore, they
modified the coefficients of the Framingham score based on
measurements of adults from 11 provinces in China, and concluded
that the recalibrated function performed well in the Chinese
population. Based on studies from other countries, the position pa-
per of the International Atherosclerosis Society provided a list of
recalibration coefficients for predicting the risk of CHD.® However,
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there are no data from Taiwan. Thus, the purpose of this study was
to generate the calibration coefficient of the Framingham score for
the Taiwanese population.

2. Materials and methods

Data from the Taiwanese Survey on Hypertension, Hyper-
glycemia, and Hyperlipidemia (TwSHHH) were used. The 2002
TwSHHH was a follow-up of the 2001 National Health Interview
Survey conducted by the Bureau of Health Promotion, Department
of Health of Taiwan. Half of the primary sampling units of the 2001
survey were selected; all household members aged 15 years were
interviewed and waist circumference and hip circumference were
measured. Participants’ fasting blood samples were also drawn.
Details are described elsewhere.” The same procedures were re-
peated in 2007 on subjects who were willing to come back for
another measurement.

Questions on demographics, disease history, behaviors, and
utilization of health care systems etc. were asked in the 2001 NHIS.
In terms of cigarette smoking, participants were asked have they
ever smoked. Those answered ‘never’ or ‘only few times’ were
considered non-smokers. Otherwise, questions like whether they
have smoked more than 100 cigarettes, followed by the age of
initiation, duration, and current status were asked. Since we were
following the healthy individuals till they developed the disease,
those answered with heart diseases diagnosed by physician or taking
medication for heart disease were excluded from the baseline.

In the TWSHHH, two blood pressure measurements were made
10 min apart, and a third measurement was made if the two
measurements differed by > 10 mmHg. Subjects were requested to
fast 12 h prior to venous blood sample collection, with samples
excluded from laboratory analysis if fasting time was less than 8 h.
The blood samples were stored in a freezer at —20 °C and were sent
back by express mail to the research center within 2 weeks. The
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methods used for analyzing each item were as follows: hexokinase
for fasting plasma glucose, colorimetric for fasting serum uric acid,
enzymatic for triglycerides, and oxidase, esterase, and peroxidase
for cholesterol. Coronary events were identified through the link to
the National Health Insurance (NHI) claim data and the national
death registry for 2011. The repeated measurements in 2007 were
also used to ascertain end-points. CHD is defined as having ICD-9
codes 410-414 in any of the outpatient and/or inpatient records or
self-reported events in 2007. Event time was estimated based on the
first record time. We used subjects free of CHD at baseline. The risk
factors listed in the International Atherosclerosis Society report are
total cholesterol (mg/dL), systolic blood pressure (mmHg), cigarette
smoking (yes/no), and diabetes (yes/no). Since WHO defines a
smoker as individuals have smoked over 100 cigarettes in lifetime,
we used this definition for smokers. In addition, we used the
cumulated number of cigarettes over 100 in lifetime plus whether
individual was still smoking at the time of interview. This study was
approved by the institutional review board of the National Health
Research Institutes.

There are two major ways to recalibrate the Framingham func-
tion. One is by multiplying the risk estimated by the Framingham
function by some factor, which is the inverse of the predicted over
observed absolute risk.? The other is replacing the mean of risk fac-
tors, such as cholesterol levels, blood pressures, and smoking status,
with values from the population of interest. The disease-free proba-
bility (survivorship) Sy(t) is also replaced by that of the population of
interest.? Both methods were attempted in the current study.

To analyze the agreement between predicted and observed
events, chi-square statistics were used. In this approach, the pre-
dicted values 1-(S;) are first rank ordered and divided into N groups.
The upper group contains subjects who are least likely to experience
the event, whereas the lower contains those who are most likely to
experience the event. Here, o, denotes the observed survival in
group / calculated by:

Frequency distributions of blood pressure, total cholesterol, HDL-C, diabetes, and smoking status in the sample.

Variable

Men (N = 1580) Women (N = 1780)

Blood pressure

Optimal

Normal

High normal
Hypertension

Stage |

Stages II-1V
Cholesterol (mg/dL)

<160

160-199

200-239

240-279

>280
HDL-C (mg/dL)

<35

35-44

45-49

50-59

>60
Diabetes (yes)
Smoking

>100 cigarettes/lifetime

Current smoker and >100 cigarettes/lifetime
Coronary heart disease
Probability of free from the disease in 10 years, SO

N (%) N (%)
596 (40.7) 885 (56.0)
316 (21.6) 300 (19.0)
197 (13.5) 164 (10.4)
256 (17.5) 181 (11.5)
100 (6.8) 51(3.2)

62 (18.0) 296 (18.7)
679 (46.4) 680 (43.0)
406 (27.7) 434 (27.5)

86 (5.9) 137 (8.7)

32(2.2) 34(2.2)
214 (14.6) 55 (3.5)
281 (19.2) 168 (10.6)
194 (13.2) 143 (9.0)
316 (21.6) 420 (26.6)
460 (31.4) 795 (50.3)

66 (4.5) 65 (4.1)
794 (54.2) 57 (3.6)
680 (46.5) 54 (3.4)
224 (0.142) 272 (0.153)

0.8556 0.8506

Blood pressure: Optimal (SBP <120, DBP <80), Normal (120 < SBP < 130, 80 < DBP < 85), High normal (130 < SBP < 140, 85 < DBP <
90); Stage | hypertension (140 < SBP < 160, 90 < DBP < 100), Stage |-V hypertension (SBP > 160, DBP > 100).
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Number of events in group [

0 =1—
! Number of samples in group [

Let e; denote the average predicted risk value for group |, and a
goodness-of-fit measure can be obtained by comparing o, and ¢;
graphically for [ = 1, ....,N. To quantify this analysis, a chi-square
statistic is derived by:

_ 2
= Z" M, with N-(p+1) degree of freedom, where p is
e

i=1
1

the number of risk factors.
3. Results

We included subjects aged 35-70 years old and excluded those
reported to have had CHD events at baseline. The final sample size
was 3360, with 1580 (47%) males. A total of 496 CHD events
occurred in 10 years, and the 10-year incidence rate was 0.1418 in
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males and 0.1528 in females. The frequency distribution of each
predictor is listed in Table 1. Over 75% of males and 85% of females
had optimal to high normal blood pressure. There were 64% of
males and 62% of females who had a cholesterol level under 200
mg/dL. Females showed a better cholesterol profile (HDL-C > 45
mg/dL; 86% females vs. 66% males). The proportion of diabetes was
around 4% in both males and females. Many more males smoked
(54.2% males vs. 3.6% females).

The predicted risks were divided into 10 groups and arranged
from the lowest to the highest centiles in figures (blank). Then, the
actual disease status in each group were plotted next to the pre-
dicted (shaded). XZ was calculated as the square of the differences
between observed and predicted, then divided by the number of
predicted. Different conditions were applied in the figures. When XZ
was less than 5.991 with 2 degree of freedom, the agreement was
good at p = 0.05 level. Fig. 1a illustrates the agreement between the
predicted and observed risk using Framingham coefficients, means
of predictors, and baseline survivorship for 10 years. Then, the ratio
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(a) Comparison between predicted and observed probabilities. The Framingham coefficients, means, and baseline survivorship were used. The vertical

axis was the probability of risk. The horizontal axis was the risk groups based on predicted risk divided into centiles evenly from the lowest (10%, group 1) to the
highest (90%, group 10). (b). Comparison between predicted and observed probabilities. The Framingham coefficients, means, and baseline survivorship were
used, and the calibration factor (observed/predicted) was applied. The vertical axis was the probability of risk. The horizontal axis was the risk groups based on
predicted risk divided into centiles evenly from the lowest (10%, group 1) to the highest (90%, group 10).
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of observed/predicted was applied to calibrate the predicted proba-
bilities when comparing the changes of xz statistics, improvement
was noted in males. On the other hand, xz value increased a lot for
females (Fig. 1b). Fig. 2 shows the estimates using means and
baseline survivorship derived from TwSHHH. The agreement be-
tween the predicted and observed risk improved a lot in females (xz
decreased from 1199.85 to 340.4), but worsened a bit in males (xz
increased from 8.7 or 7.4 to 16.3 or 14.7) (Fig. 2a). After applying the
calibration coefficients, the agreement improved in males, but
worsened slightly in females (Fig. 2b).

4. Discussion

This study compared the accuracy of the Framingham function
in predicting CHD in a nationally representative sample of the
Taiwanese population. The level of agreement between the pre-
dicted and observed risk was reasonable for males, but not for
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females. In terms of calibration coefficients, we suggest using
0.7958 and 1 for males and females, respectively. The reason for
using 0.7958 for males was that the prediction using our data and
Framingham coefficients improved the prediction slightly. On the
other hand, when applied our population means of risk factors and
the disease free probability to females reduced the XZ value sharply,
even though it was not ideal. After applying the calibration factor,
the xz value became slightly worse in females. These calibration
factors resulted in the best agreement in males, even though the
predictability in females is far from ideal. In addition, the mean of
predictors and the baseline survivorship derived from TwSHHH
should be used in the model. From the viewpoint of preventing CHD,
considering whether an individual has smoked more than 100 ciga-
rettes in his/her lifetime is suggested, regardless of whether this per-
son is a current smoker.

When the coefficients of the CMCS were applied, the agree-
ment between the predicted and observed risk was worse than that
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(a) Comparison between predicted and observed probabilities. The Framingham coefficients, TwWSHHH means and baseline survivorship were used. The

vertical axis was the probability of risk. The horizontal axis was the risk groups based on predicted risk divided into centiles evenly from the lowest (10%, group 1)
to the highest (90%, group 10). (b) Comparison between predicted and observed probabilities. The Framingham coefficients, TwWSHHH means, and baseline
survivorship were used, and the calibration factor (observed/predicted) was applied. The vertical axis was the probability of risk. The horizontal axis was the risk
groups based on predicted risk divided into centiles evenly from the lowest (10%, group 1) to the highest (90%, group 10).
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of the Framingham function for males, but better for females. The
predicted risk of CHD for both males and females in Taiwan is not
ideal. Thus, because members of the population share the same eth-
nic background, living environment likely plays a role in CHD risk.
Some researchers used data of individuals of different ethnicities in
the same region (e.g., the United States) to calibrate the Fra-
mingham function,? and their findings suggested the need for a gen-
der-specific function with the mean and baseline survival of the eth-
nicity of interest. Based on our experience, the same ethnicity
showed different levels of CHD risk across different regions. Thus,
each population should have its own prediction function.

Studies have examined the risk of CHD death due to elevated
blood pressure in different populations. Van den Hoogen et al com-
pared the risks in middle-aged men among the United States, north-
ern Europe, Mediterranean southern Europe, inland southern Eu-
rope, Serbia, and Japan and found that the relative increases in
25-year CHD mortality was similar across populations, although the
absolute CHD mortality differed.2 CMCS generated lower coeffi-
cients in predicting CHD than the Framingham score,” which could
be one reason that CMCS coefficients did not fit our population well.

The population attributable risk of total cholesterol to CHD was
high.g_12 Low-density lipoprotein (LDL) cholesterol had a fairly good
ability to discriminate 1-year CHD risk.10 A large study examined the
population variation of total cholesterol level and the relationship
with CHD.®3 The results showed that the total cholesterol levels were
higher in Australia and New Zealand than in Asia as a whole, but the
risk of CHD was similar in these cohorts. Despite consensus on the
risk of high cholesterol level, many studies have teased out the
importance of the components of total cholesterol.'* Investigators
used data from the Atherosclerosis Risk in Communities study to
compare the predictability of LDL, triglycerides, lipoprotein(s), and
HDL on CHD and found these factors provided substantial CHD
predictability without additional apolipoproteins or lipid subfrac-
tions.* However, a prediction of CHD without total cholesterol was
shown to be reasonable.® More than 30% of our population had
total cholesterol greater than 200 mg/dL and more than 50% had
HDL-C greater than 50 mg/dL. This finding suggests the need to
re-evaluate the importance of HDL-C and total cholesterol in pre-
dicting CHD in the Taiwanese population.

One strength of this study is that we used nationally represen-
tative data and follow-up for 10 years. However, the CHD events
were identified from NHI records, meaning we might have missed
some events that were not registered in the NHI claims. Because
over 99% of the Taiwanese population is covered by the national
insurance, however, we believe that the data are a valid represen-
tation of CHD events in this population.

5. Conclusion

We estimated the Framingham calibration coefficient for the
Taiwanese population. We recommend using 0.7958 and 1 as
calibration coefficients for males and females, respectively. These
values have been submitted to the International Society of Lipids
and Atherosclerosis. The predicted risk can be implemented during
the health check-up to raise awareness of one’s CHD risk over the
next 10 years. However, because the performance of this calibrated
Framingham score is not yet satisfactory, it is necessary to develop a
risk function for the Taiwanese population.
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