Sheffield
Hallam _
University

Application of Cardiovascular disease (CVD) risk
assessment equations to the Thai population

KHATAB, Khaled <http://orcid.org/0000-0002-8755-3964>, INTHAWONG,
Rungkarn, WHITFIELD, Malcolm, COLLINS, Karen, RAHEEM, Maruf A and
ISMAIL, Mubarak

Available from Sheffield Hallam University Research Archive (SHURA) at:
https://shura.shu.ac.uk/23940/

This document is the Published Version [VOR]
Citation:

KHATAB, Khaled, INTHAWONG, Rungkarn, WHITFIELD, Malcolm, COLLINS,
Karen, RAHEEM, Maruf A and ISMAIL, Mubarak (2019). Application of
Cardiovascular disease (CVD) risk assessment equations to the Thai population.
Biostatistics and Epidemiology International Journal. [Article]

Copyright and re-use policy

See http://shura.shu.ac.uk/information.html

Sheffield Hallam University Research Archive
http://shura.shu.ac.uk



http://shura.shu.ac.uk/
http://shura.shu.ac.uk/information.html

OPEN @ ACCESS

Research Biostatistics and Epidemiology International Journal

Application of Cardiovascular disease (CVD) risk

assessment equations to the Thai population

Rungkarn Inthawong,' Khaled Khatab,** Malcolm Whitfield,> Karen Collins,® Maruf A. Raheem* and
Mubarak Ishmael?

'Loei Rajabhat University, Department of Public Health, Thailand

2Faculty of Health and Wellbeing, Sheffield Hallam University, Sheffield S10 2BP, UK
*Department of Arts and Sciences, Elson Hall 251 Zanesville, OH 43701, Ohio University, USA
“Department of Engineering and Mathematics, Sheffield Hallam University, Sheffield, S| | WB, UK

Correspondence: Khaled Khatab, Email k.khatab@shu.ac.uk
Received: December 10,2018 | Published: January 25,2019

Copyright© 2019 Inthawong et al. This is an open access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.

Abstract

Objective: The objectives of this study are: 1.) To calculate the probability of Cardiovascular Disease (CVD) events by applying three different equations, which
are: the Asia-Pacific Cohort Study (APCS) equation, the Framingham-Asia equation and the original Framingham equation, to the individual risk factors data
from the NHESIV, Thailand. 2) To estimate the number of 8-10 years CVD events. 3) To validate and identify the most suitable CVD risk equations for the Thai
population. The individual risk factors from the NHESIV dataset was entered into a Microsoft Excel spreadsheet as the baseline population.

Methods: Asia-Pacific Collaborative Cohort Study (APCCS) equations, the Framingham-Asia equation and the original Framingham equation, are applied to
calculate the probability of 8 to 10 years CVD events by age groups and gender. The CVD events in this analysis refer to all fatal and non-fatal CVD events
(ICD10, 100-199), which include Ischemic heart disease (IHD) (ICD10, 120-125) and stroke (ICD10, 160-169).

Results: The 4th National Health Examination Survey IV 2009 (NHESIV) dataset has been entered into a Microsoft Excel spreadsheet as the baseline population.
APCCS, the Framingham-Asia and the original Framingham equations, were applied to the NHESIV dataset. The APCCS equation calculated the average 8-years
probability of getting CVD as 8.3% in men and 7.8% in women. The 8-year likelihood of CVD in the Framingham-Asia equation was 7.2% in men and 8.1% in
women. The original Framingham equation showed the highest probability of 10-years CVD which were 18.8% in men and 11.1% in women.

Conclusions: The original Framingham equation overestimated the risk of CVD in the Thai population in all age groups. The Asia-Pacific Cohort Study
(APCCS) and the Framingham-Asia equations, both performed better estimation than the original Framingham equation in both men and women.

Keywords: Cardiovascular Disease (CVD), Asia-Pacific Collaborative Cohort Study, (APCCS) equations, Framingham-Asia equations

the Framingham CVD risk prediction equation, to adapt it for use
in specific populations. For example, the QRISK(cardiovascular
risk calculator) score in the United Kingdom and the Asia Pacific
Collaborative Cohort Studies (APCCS).!""'2In Thailand, to date, there
is only one CVD risk score, which has been derived from the EGAT

Introduction

Cardiovascular disease (CVD), a set of disease affecting either the
heart or blood vessels, is a global health problem, the prevalence
of which has led to an increased epidemiological transition of the

disease from high-income countries to low-middle income countries.
CVD risk prediction models have been developed in many studies, as
a tool to predict the levels of CVD in the future. The most influential
prediction models, using statistical multivariate analysis equations,
were derived from the Framingham Study.' Many studies found that
the Framingham’s function was suitable for predicting future CVD in
the middle-aged, US white population and others with similar profiles
of CVD risks.>® However, some studies showed an overestimated
prediction for groups which have different risk profiles and ethnicity
such as Asian and some EU populations.” '

Nevertheless, the Framingham equation gives a generalised prediction,
concerning the biomarker risk factors, such as blood pressure and
cholesterol level. Several studies have developed adjustments to

cohort study.”®*This study has followed-up 3,499 participants aged
35 to 54 years since 1985. Several studies found that RAMA-EGAT
risk score provided a better prediction of CVD than the Framingham
equation.™ Although the CVD risk score was derived specifically for
the Thai population, this cohort study was well representative only
for Thai middle-class men aged 35 years and over, but it was not well
represented in women.!

Given the limitation of the CVD risk equations for the Thai population,
the objectives of this study are: 1) To calculate the probability of
CVD events using the three difference equations, namely: the APCS
equation, the Framingham-Asia equation and the original Framingham
equation, to the individual risk factors data from the NHS, Thailand; 2)
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To estimate the number of 8-10 years CVD events; 3) To identify and
validate the most suitable CVD risk equations for the Thai population.

This research presents the results of the application of the CVD risk
assessment equations to the Thai populations and the probability of
CVD events using the three different equations, the estimated number
of non-fatal CVD events in the Thai people and the validation of
the mathematic model. The details of the analysis and CVD risk
assessment equations have been described in the previous study.

Materials and Methods

The 4" National Health Examination Survey IV(NHESIV),
2009dataset has been used as the baseline population and provided
the risk factors profile of the Thai population. This survey represents
the prevalence of chronic diseases and the potential health risk factors
to the Thai population. This survey is a national representative of the
Thai health status by age, gender, administrative area (urban/rural)
and geographic regions. TheNHESIV dataset has been used as the
study population.

Calculation of the CVD probability

The individual data and risk factors profile has been entered to an
Excel spreadsheet. The APCS, Framingham-Asia and the original-
Framingham equations have been applied to the data to calculate the
probability of getting CVD in each. Then, the mean of 8-10 years
probability has been calculated by age groups and gender. The
primary outcomes are the probability of IHD, stroke and all CVD
events. The Asia-Pacific Collaborative Cohort Study equations
(APCS equation), had used the concept of the Cox’s proportional
hazard model, which had been derived from 172,077 participants
of the cohort studies around Asia and 25,682 Chinese cohorts. The
Electricity Generating Authority of Thailand (EGAT) cohort studies
also included in this APCS (Asia Pacific Cohort Studies Collaboration
et al. 2007)."*Second, the recalibrated Framingham’s equation or the
low information Framingham’s equation (Framingham Asia), has
applied the Cox’s proportional hazard model concept derived from
6,053 participants of the Framingham studies and adjusted for the
Asian population, where some risk data is not available (Asia Pacific
Cohort Studies Collaboration et al. 2007)." Third, the Framingham’s
equation (Framingham original), using the concept of the Weibull
accelerated failure-time models, which have been applied to the Thai

population.!*The main outcome prediction is the of probabilities of
CVD related events, such as stroke, heart attacks and heart failure.
Details of the equations and the process of calculations are described
in the appendix.

Outcome of interests

8 to 10 years probability of getting CVD, IHD or Stroke of the
individuals and the 8 to 10 years probability of getting CVD, IHD or
Stroke events by age groups and gender.

Estimated number of CVD events

The number of CVD events at the national level is estimated by
multiplying the CVD probability to the number of the mid-year
population in 2009, by age groups and gender, to obtain the number
of all CVD events over the next 8 to 10 year period. The probability
of CVD events includes both fatal and non-fatal CVD. The analysis
excluded those who died based on the statistical information. The
model deducted the number of people who are likely to die from
CVD, which will estimate the number of people who are alive with
the CVD conditions. The probability of dying from a CVD condition
is calculated from the national CVD mortality rate in Thailand, from
the national statistical report over the past decade.

Validation of the CVD estimated events

The estimated number of CVD events are validated with the actual
number of CVD hospital admissions in Thailand in 2009. The number
of CVD cases are classified by the ICD-10 code in which 10-199 refers
to all CVD events, 120-125 refers to IHD and 160-169 relates to stroke.
The actual number of CVD admissions comes from the National
Health Security Office, Thailand (NSO) which covers 75% of all
hospital admissions in Thailand and includes the patients who were in
the universal coverage health care scheme.

Results
The probability of CVD events

Table 1 shows the comparison of the mean likelihood of CVD, which
has been calculated by using the APCS equation, the Framingham-
Asia equation and the original Framingham equation in the NHESIV
dataset. The mean probability of CVD has been estimated by age
groups and gender.

Table | The mean probability of CVD events by age groups and gender amongst APCS equation, the Framingham-Asia equation and the Framingham original

equation

8 years-probability of CVD

10-year probability of CVD

Age APCS Framingham-Asia Framingham original
(years)

Men Women Men Women Men Women
15-24 0.3% 0.2% 0.3% 0.2% 1.9% 0.8%
25-34 0.8% 0.5% 0.8% 0.4% 4.1% 1.6%
35-44 1.7% I.1% 1.6% 1.0% 6.8% 2.8%
45-54 3.6% 2.7% 3.2% 2.6% 11.5% 5.8%
55-64 7.8% 6.6% 6.7% 6.7% 19.5% 11.8%
65-74 14.4% 13.9% 12.1% 14.4% 30.5% 19.6%
275 26.0% 29.5% 22.4% 30.9% 47.6% 30.8%
Total 8.3% 7.8% 7.2% 8.1% 18.8% 11.1%
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When applying the APCCS equation, the overall mean of 8-year
CVD probability is 8.3% in men and 7.8% in women. The trend of
8-year probability increased according to age groups in both men and
women. The likelihood of CVD is lowest at age 15-24 years, and the
possibility of CVD starts to grow from the 45-54 years age group The
CVD probability in men is higher than in women from the ages 15 to
74 years; whereas, women have CVD probability higher than men at
age 75 years and over.

The mean 8-year probabilities of CVD when using the Framingham-
Asia equation are 7.2% in men and 8.1% in women. The minimum
CVD probability is at age 15-24 year. At age 45-54 years, the CVD
probability in men is 3.2% and 2.6% in women. The CVD probability
is equal to 6.7% in both men and women at age 55-64 years. The
CVD probability increases with an increase of age groups. Although
the trends of CVD probability of the Framingham-Asia equation are
similar to the CVD probability that is calculated with APCS equation,
the Framingham-Asia calculated the CVD probability in women as
higher than in men from age 65 years and over.The 8-year probability
of CVD is highest at age 75 years and over.

Regarding the original Framingham equation, the overall mean of 10-
year CVD probability is 18.8% in men and 11.1% in women. The
CVD probability in men is higher than in women in all age groups.
The lowest CVD probabilities are 1.9% in men and 0.8% in women at
age 15-24 years. The CVD probability continuously increases when
age increases, in both men and women. The CVD probability is two
times higher in men than in women at the age 35-44 and 45-54 years.

In old age groups, the 10-year CVD probability is higher than in the
younger age groups, and the highest likelihood of CVD is at age 75
years and over, which are 47.6% in men and 30.8% in women.

Table 2 shows the 10-year probabilities of CVD, which are calculated
by the Framingham original equation in the NHESIV data set. This
equation is capable of calculating three events, which are IHD, stroke,
and all CVD events. Table 2 presents the mean 10-year probability, by
CVD condition, age groups and gender.

The overall mean of 10-year IHD probability is 14.5% in men and
8.0% in women. The trend of IHD probability rises with an increase
in age groups. Men have more likelihood of getting IHD than women
in all age groups. The IHD probability is the lowest at age 15-24,
which are 1.9% in men and 0.7% in women. The likelihood of IHD at
age 25-34 is 3.9% in men and 1.4% in women. The IHD probability
in men continually increases in the middle period and elderly age
groups. At age 35-44 years, the IHD probability in men is nearly triple
that in women, which is 6.3% in men and 2.4% in women. The IHD
probability is twice as high in men as in women at age 45-54 years,
which is 10.2% in men and 4.8% in women. At age 55-64, the IHD
probability in men is 15.9% and 9.1% in women. The IHD probability
in elderly age groups, 65-74 years and 75 years and above is higher
than the IHD probability in younger age groups. At age 65-74 years,
there are 22.8% of men and 14.0% of women who have a chance of
getting IHD. The IHD probability reaches the highest at age 75 years
and over, which is 32.4% in men and 20.15 in women.

Table 2 The mean probability of CVD events by age groups, gender and CVD conditions using the original Framingham equations

10-years probability

(ytffs) THD Stroke CVD

Men Women Men ‘Women Men Women
15-24 1.9% 0.7% 0.1% 0.1% 1.9% 0.8%
25-34 3.9% 1.4% 0.2% 0.2% 4.1% 1.6%
35-44 6.3% 2.4% 0.5% 0.5% 6.8% 2.8%
45-54 10.2% 4.8% 1.5% 1.2% 11.5% 5.8%
55-64 15.9% 9.1% 4.5% 3.1% 19.5% 11.8%
65-74 22.8% 14.0% 10.6% 6.8% 30.5% 19.6%
>75 32.4% 20.1% 24.7% 14.6% 47.6% 30.8%
total 14.5% 8.0% 6.2% 3.8% 18.8% 11.1%

The average 10-years probability of stroke is 6.2% in men and 3.8% in
women. The graph shows that the stroke probability is below 1% from
age 15 to 44 years in both men and women. At age 45 — 54 years, there
is 1.5% probability in men and 1.2% of women who suffer a stroke.
The trend of stroke probability increase from the age of 55 years
and men are more likely to have a chance of suffering a stroke than
women. The stroke probability is 4.5% in men and 3.1% in women at
age 55-64 years. Then, the stroke probability increases in the elderly
age groups, which is 10.6% in men and 6.8% in women at age 65-
74 years. The stroke probability reaches 24.7% in men and 14.6% in
women at age 75 years and above. Compared to figure 5.3, the mean
of the 10-year likelihood of stroke is lower than the probability of
IHD, in both men and women in all age groups. The overall mean of
stroke probability is twice as high as the mean of IHD probability. In

men, the likelihood of IHD is 14.5% and stroke 6.2%. In women, the
possibility of IHD is 8.0%, while the chance of stroke is 3.8%.

Figure 1and Figure 2 compare the probability of CVD when applying
the three differences equations, APCCS equation, Framingham-Asia
equation and the original Framingham equation over an 8 to 10 years
period. The APCS and Framingham-Asia equations calculate the
risk of getting CVD for the next 8-years period, whilst the original
Framingham equation calculates the CVD probability for the next 10
years.

Figure 1 shows the mean of CVD probability in Thai men. The
original Framingham equation calculated the CVD probabilities as
two times higher than the CVD probability that is computed using the
APCS equation or the Framingham-Asia equation, in men. Overall
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the mean CVD probability in Thai men, when applying the original
Framingham equation is 18.8% within a 10-period. While the APCS
and the Framingham-Asia equations estimated the 8-year likelihood of
getting CVD in men as 8.3% and 7.2% respectively; comparing across
age groups, the trend of CVD probability increases with an increase
in age. However, the original Framingham equation presents a higher
likelihood of CVD than APCS or the Framingham-Asia equations
in all age groups. Additionally, the trend of 8-year CVD probability
is similar between the APCS equation and the Framingham-Asia
equation at age 15 to 54. However, the 8-year CVD probability using
the APCS is slightly higher than the Framingham-Asia equation at
ages more than 55 years.

——APCS = Framingham-Asia Framingham original

Figure | The mean of 8-10 years probability of CVD in men who aged = |5
years, NHESIV

Figure 2 shows the mean of CVD probability in Thai women aged 15
years and over when applying the APCS, Framingham-Asia and the
original Framingham equations. The mean of CVD probability overall
is 7.8% in the APCS equation, 8.1% in the Framingham-Asia equation
and 11.1% in the original Framingham equation. The trend of CVD
probability in women is similar when applying the APCS or the
Framingham-Asia equations, which shows a higher CVD-probability
in the older age groups. However, the original Framingham equation
presents the higher probability than in APCS and Framingham-Asia
equations, in all age groups. At ages 15 to 64, the CVD probability
in the original Framingham equation is twice as high as APCS or the
Framingham-Asia equations. In the senior women, at age 65 to 74, the
CVD probability, when applied the original Framingham equation is
19.6%, the APCS equation 13.9% and the Framingham-Asia equation
14.4%. Furthermore, at age 75 years and over, the CVD probability in
women in all three equations are virtually the same, which are 29.5%
in the APCS equation, 30.9% in the Framingham equation and 30.8%
in the original Framingham equation

=——APCS  emmFraminghsm-Asia Framingham original

Figure 2 The mean of 8-10 years probability of CVD in women who are aged
2 |5 years, NHESIV.

The estimated number of CVD events in the Thai
population over 8 to 10 year periods

This section presents the estimated number of CVD events when
multiplying the probability of CVD in an 8-year and 10-year period,
to the number of the national mid-year population in Thailand in
2009. The number of CVD events, which have been calculated using
three different equations, is the number of total CVD events which
included both fatal and non-fatal events of IHD and stroke. Therefore,
the number of estimated CVD events will deduct the number of
people who are dead from CVD, to obtain the number of people who
are alive with CVD. The number of deaths from CVD is estimated by
applying the average of 10-year CVD mortality probability, which has
been calculated from the national CVD mortality rate in Thailand over
a 10-year period (1996-2006).

Figure 3 shows the estimated number of men who are alive with CVD
in Thailand in 2017-2019. Overall, the APCS equation estimated 1.9
million, the Framingham Asia equation-estimated 1.6 million and the
original Framingham equation estimated 4.4 million, of men who
are alive with CVD. The graphs show that the original Framingham
equation estimated a higher number of CVD events than either the
APCS or the Framingham-Asia equations in all age group. The
number of estimated CVD patients increase according to age groups.
The APCS equation estimated the number of CVD cases as nearly
the same at ages 15 to 44 years. However, at age 45 year and above,
the APCS equation estimated number of CVD cases higher than the
Framingham-Asia equation. The lowest number of CVD cases is at
age 15 to 24 years. The number of CVD cases increases at age 45
years and above. The highest number of CVD cases is at ages 65 to
74.

12,04,887

638,402
13,26,697
65-74 606,792
7.20.850
) 952,964

33-64
E 43-34 1,02,500
= 113321
>
F 223,080

o 3,00,000 10,00,000

Number

15,00.000 20,00.000

Framingham criginal 10-years  Fremingham Asia $-years 5 APCS S-years

Figure 3 The estimated number of men who are alive with CVD in Thailand
in 2017-2019

Figure 4 shows the estimated number of CVD cases in women
in Thailand 2017 to 2019 when applying the 8-year and 10-year
probability of CVD from the APCS equation, the Framingham-Asia
equation and the original Framingham equation. The total number
of estimated CVD cases in women are 2.7 million when applied the
10-year probability of CVD from the original Framingham equation,
while, the Framingham-Asia equation estimated 2.0 million cases and
the APCS equation estimated 1.9 million cases overall in an 8-year
period. The graph shows that the original Framingham equation
estimated a higher number of CVD cases in women than either the
APCS equation or the Framingham-Asia equation in most age groups,
except at age 75 and over. The lowest number of estimated CVD cases
is at age 15 to 74 years. The APCS equation estimates the number
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of CVD cases in women higher than the Framingham-Asia equation
from age 15 to 54 years.

193,259

947019

110276
354 39675
547

0 1,00,000 2,00,000 3,00,000 4,00,000 5,00,000 6,00,000 700,000 5,00,000 9,00,000 10,00,000
Number

= Framingham original 10-years W Framingham Asia8-years B APCS S-years

Figure 4 The estimated number of women who are alive with CVD in
Thailand during the next 8-10 years

On the other hand, the Framingham-Asia equation estimated the
number of CVD cases higher than the APCS equation at age 55 years
and above. The original Framingham equations estimated the highest
number of CVD cases at age 65 to 74 years. However, at age 75
years and above the Framingham-Asia equation estimated the higher
number of CVD cases than the original Framingham equation or the
APCS equations.

The validation of the mathematical model

This section presents the validation of the mathematical model. The
estimated number of people who are alive with CVD calculated
from the APCS, the Framingham-Asia and the original Framingham
equations have been validated against the actual number of CVD
events in Thailand.

The national hospitalisation data in 2009 from NSO, Thailand, have
been used to validate the model which covers the in-patient’s hospital
admissions for the whole country.Thein-patient’s admissions from
the universal coverage health care scheme (UC), which accounts for
75% coverage of the all hospitalisation data in Thailand. The average
number of the estimated CVD patients per year has been calculated to
make it comparable with the 1-year hospital admissions in Thailand
and is compared by age groups and gender. The CVD conditions have
been identified by using the ICD-10 code, which 100-199 refers to all
CVD, 120-125 refers to IHD and 160-169 refers to stroke.

Figure Sshows the validation of the estimated number of CVD patients
among Thai men which has been calculated from the APCS equation,
Framingham-Asia equation and the original Framingham equation.
The actual number of hospital admission from CVD in 2009 in Thai
men, has been used to validate the estimated number of CVD patients
using each equation. The APCS and the Framingham-Asia equations
estimated the total number of patients closer to the actual number than
the original Framingham equation. The original Framingham equation
overestimated the number of CVD patients by a factor of two.

When comparing across age groups, the APCS equation and the
Framingham-Asia equation underestimated the number of patients
from age 15 to 54 years and overestimated the number of patients at
age 65 years and over. The APCS equation and the Framingham Asia
equation performed a close estimation at age 55 to 64 years.

Although the original Framingham equation overestimated the
number of CVD patients in almost all age groups, it performed a close

estimation at age 45 to 54 years. However, the original Framingham
equation overestimated the number of CVD patients as twice as high
as the actual number at age 55 to 64 years and estimates are triple the
exact numbers at age 65 to 74 years and 75 years and over.

Figure 5 Comparing the actual number of CVD hospital admissions
with the estimated number of CVD patients in the three different
equations amongst Thai men by age groups, in 2009

120489

275

1,52,670
63.74

25-34

0 20,000 40,000 60,000 80,000 100000 120000 140,000 160000 1380000

L] It original L] it Asia BAPCS B Actual num ber

Figure 5 The estimated number of women who are alive with CVD in
Thailand during the next 8-10 years

Figure 6 presents the comparison of the actual number of hospital
admissions due to CVD and the estimated number of CVD patients
when calculated using the APCS equation, the Framingham-Asia
equation and the original Framingham equation, in women. Overall,
the three equations overestimated the number of CVD patients in
women. When comparing across age groups, all three equations
underestimated the number of CVD patients at age 15 to 54 years.
Also, at age 55 to 64 years, the APCS equation and the Framingham-
Asia equation both closely estimate the actual number of CVD
patients. Whereas, the original Framingham equation overestimated
the number of CVD events. In the elderly age groups, all three
equations have exceeded the number of CVD patients.

275

63-74

25-34

0 20,000 40,000 60,000 80,000
Number

1,00,000 1,20,000

nFreminghan origindl  wFramingham Asa  WAPCS  mActual mumber

Figure 6 Comparing the actual number of CVD hospital admissions with
the estimated number of CVD patients in 3 different equations among Thai
women by age groups in 2009

Discussion

The probability of CVD events, which are calculated by the APCS
equation, the Framingham-Asia equation and the original Framingham
equation, increases accordingly with an increase in the age groups, in
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both men and women. However, the original Framingham equation
projects a higher CVD probability than either the APCS equation or
the Framingham-Asia equation, in both men and women at all age
groups. This might be because the original Framingham equation
was derived from the Framingham cohort, who have different
characteristics of CVD risk factors and ethnicity, compare to the
Asian population. Many studies have found that the Framingham’s
function was suitable for predicting future CVD in middle-aged US
white populations, and others with similar profiles of CVD risks.>
However, some studies showed an overestimated prediction for groups
which have different risk profiles and ethnicity, such as Asian and
some EU populations.”*!7 The APCS equation was derived from the
pooled data of the cohort studies around Asia and included the EGAT
cohort study in Thailand. Hence, the Framingham-Asia equation was
also recalibrated with the APCS cohort. Therefore, the APCS equation
and the Framingham-Asia equation are more suitable than the original
Framingham equation, when applied to the Thai population.

When comparing genders, the original Framingham equation
calculated the higher probability of CVD in men than in women.
Conversely, the likelihood of CVD in women is higher than in men in
the Framingham Asia equation. This might because the Framingham
Asia equation was reported to overestimate the risk of CVD by an
average 4% in women and underestimate the CVD risk by an average
2% in men, in the non-Chinese cohorts.'® Also, the prevalence of
regular smoking in women is lower than in men, which might have
an impact and affect the calculations. There are some metabolic risk
factors in women which are higher than men. For example, the mean
of BMI in men and women is 23 kg/m2 and 24.36 kg/m? respectively.
The mean of total cholesterol in women and men are respectively,
5.58 mmol, and 5.27 mmol. Hence, the prevalence of diabetes in
women is 10.9% but in men is 9.3%.

Concerning the mathematical equations, there are some limitations
of using the APCS equation, the Framingham-Asia equation and
the original Framingham equation. Firstly, the type of mathematical
models is different. The APCS equation and the Framingham-Asia
applied the Cox’s model, but the original Framingham equation was
derived from the Weibull’s model. Secondly, the input parameters
of the risk factors in the APCs, and the Framingham-Asia equations
are limited because the APCS and the Framingham-Asia were trying
to derive equations that can be used with the limited sources of
information and also apply to many countries around Asia. Therefore,
the APCS and the Framingham-Asia equation used BMI, age, gender,
blood pressure and total cholesterol to project the CVD events.

On the other hand, the original Framingham equation included all of
those variables and diabetes status, which is another potential risk
factor of CVD. Thirdly, the time frame differences, the APCS and
the Framingham Asia equations are both based on an 8-years cohort
study, while the original Framingham equation is based on 10-years
of the follow-up period. Therefore, when conducting the validation
of the mathematical models, the average number of CVD patients per
year has been used to compare the number of actual CVD hospital
admissions in a single year.

In term of the outcome limitations, the APCS equation and the
Framingham-Asia equation estimated only the number of all CVD
events but cannot predict the CVD conditions separately. The original
Framingham equation is more flexible in being able to calculate

the CVD events separately for IHD or Stroke. However, all three
equations calculate both fatal and non-fatal events together, which
cannot identify the exact number of people who die from or are alive
with CVD. Therefore, the CVD mortality probability is applied to the
number of all CVD events, to get the number of people who are likely
to die from CVD. Then, deduct this number from the number of all
CVD events to obtain the number of people who are alive witha CVD
condition.

When validating the equations against the actual number of hospital
admissions due to CVD in Thailand, the APCS equation and the Asia-
Framingham equation both jointly estimated the total number of CVD
patients. The original Framingham equation overestimated the total
number of CVD patients in both men and women. However, all three
equations underestimated the risk in the young adult population and
exceeded the uncertainty in the older community, because the CVD
risk equations are derived from the middle age group’s people. The
APCS and the Framingham Asia equations are derived from cohort’s
age 30 to 75 years. The original Framingham equation was derived
from cohorts aged 30 to 62 years. When applying them to the younger
age groups, they might underestimate the CVD events. Additionally,
the younger generation in Thailand may have a different lifestyle than
the older generation, such as undertaking less physical activity and
an unhealthy diet. Moreover, there are a limited number of studies
that derived CVD risk equations for a population aged less than 30
years old.

Furthermore, there are some limitations on the availability of data
in Thailand for undertaking the validation. As mention above, The
Chronic disease surveillance system did not capture all CVD events for
the whole country. The data only included out-patients admissions in
public hospitals in 43 provinces, which was not segregated by gender.
Hence, the number of CVD patients is not available to compare by
gender. The number of in-patients hospitalisation data covered 75%
of the hospital admissions in Thailand. This data, however, did not
take account of approximately 8% of the Thai population who are in
the social security health care scheme, 8% who are in the civil servant
health care scheme and the other 9% who are in the private health
insurance system, for which data was not available to access.

Regarding the mortality data, the number of deaths from CVD may
be underestimated, because the average 10-year CVD mortality
probability has been calculated from the national CVD mortality
rate in Thailand during 1996 to 2006, but the estimation is based on
the year 2009. Hence, the death registry in Thailand might be under-
reporting or miss classifying the causes of death in its data. Moreover,
the CVD mortality rate in 2009 was presented as a total mortality
rate, but not given by age groups and gender. Therefore, the 10-years
mortality from 1996 to 2006 was used instead because it was the best
available data during the period of this study.

Conclusions

The original Framingham equation overestimated the risk of CVD in
the Thai population in all age groups. The APCS and the Framingham-
Asia equation both performed better estimation than the original
Framingham equation in both men and women.
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Appendix

The main outcome prediction is the of probabilities of CVD related events, such as stroke, heart attacks and heart failure.Details of the equations
are described below.

The APCS cohort equation
The Asia cohort CVD risk prediction equations (APCS equation)
The probability of getting a cardiovascular event within 8 years in Asian men is:

p(®) =1-5(8) exp{0.065(age, ~ age) + 0.027(SBP, — SBP) + 0.095(TC. ~ TC) + 0.33(smoke, —smoke)}  Equation.]

For Asian women is:
p®), =1-s8)  exp{0.072(age - age) + 0.023(SBP — SBP) +0.027(TC. ~ TC)+0.3 I(smoke —smoke)}  Equation 2

1) The Framingham’s equation for estimating the probability of getting a cardiovascular event within 8 years (Framingham’s Asia)

For men is:

p(®) =1-5(8) exp{0.068(age, ~ age) + 0.021(SBP. — SBP) +0.015(TC, ~ TC) + 0.37(smoke _— smoke)} Equation 3

For women is

p®), =1-s8)  exp{0.078(age ~ age) + 0.017(SBP, — SBP) + 0.014(TC, - TC) + 0.55(smoke_— smoke)} Equation 4
When:

s(8) = The survival free from the cardiovascular event. (in the 8 years average)
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_ . . . . 0
age = The mean age of the NHESIV participants u is the interim variables (Is this the same as m above?)

age - The age of the individual ¢t is the time of follow-up in years

SBP = The mean systolic blood pressure of the NHESIV participants p is the predicted probability of IHD/Stroke by time t

Male IHD risk at 10 years

m = 8.39 —0.37age — 0.0057C — 0.461CM — 0.009SBP — 0.384SM
Eql

SB]T = The systolic blood pressure of the individual
TC = The mean of total cholesterol of the NHESIV participants
T C[ = The total cholesterol of the individual

smoke = The prevalence of regular smoking of the NHESIV —u = loglo—% Eq2
participants ’

smoke = The smoking status of the individual (1=being a regular

smoker _ 0=not smoking) Female IHD risk at 10 years

m =9.32-0.036age — 0.0067C — 0.695DM — 0.01SBP — 0.221SM
Eql
3) The Framingham’s equation (Framingham original)

m
Using the Framingham’s equation for the Thai population from u =logl0——— Eq2

Weibull accelerated failure-time model regression coefficients.'® 0.83

Male Stroke risk at 10 years

m = constantl + 2.7 Byx, Equation 5 m =12.70 - 0.081age — 0.391DM — 0.019SBP — 0.413SM  Eql
log(t)—m
=7 Equation 6
constant2 quation u=1logl0— m Eq2
0.87
M
p=1l-e¢ Equation 7

Female Stroke risk at 10 years

m =11.25-0.06age — 0.684DM —0.017SBP - 0.4885M Eql

CVDrisk =1—-(1—- P, 1-p ) Equation 8

stroke

when; m is the interim variables u =logl0— % Eq2

x; are the risk factors

P are coefficients estimated from the Framingham study

Surmityour Aficle | ologyjourals.com/subrmitaricle Citation: Inthawong R, Khatab K, Whitfield M, et al. Application of Cardiovascular disease (CVD) risk assessment
<Of2 »Ology ﬂ m (v | equations to the Thai population. Biostatistics Epidemiol Int J. (2019);2(1):1-8. DOI: 10.30881/beij.00013

Press.



