
D l t f l CVDDevelopment of novel CVD 
score for Thai populationp p

The Rama-EGAT study groupThe Rama EGAT study group



Coronary artery disease

Major cause of death 
and disability in the 
developed worldp

I i f iIncreasing frequency in 
the developing world



Coronary artery disease

Multiple risk factorsp

Prevention better than 
t t ttreatment



Coronary disease risk predictionCoronary disease risk prediction 
score

The Framingham heart 
study has been a leader 
in the development of 
multivariable models to 
estimate the risk of 
coronary heart disease.



Coronary disease risk predictionCoronary disease risk prediction 
score 

Determining risk g
factors intervention

Motivating patients 
to change behaviorsto change behaviors 



Coronary artery disease riskCoronary artery disease risk 
prediction score



Coronary artery disease riskCoronary artery disease risk 
prediction score



Framingham Function

External validity?External validity?





Framingham function and CMCS



Question

? Predictive value of the Framingham 
heart score in Thai population
Should we develop our own score?Should we develop our own score?
? Predictive accuracy between 
F i h d Th iFramingham and Thai score



Development of Thai risk score 

Data from Thai study
Regression coefficients from Cox proportional hazard model
Means and proportions of risk factorsMeans and proportions of risk factors
Average 10-year survival

Need a cohort studyNeed a cohort study



EGAT Study: since 1985EGAT Study: since 1985

Professor Somchart LochayaProfessor Somchart Lochaya Professor Vichai TanphaichitrProfessor Vichai Tanphaichitr

•• Largest & Longest Cohort study in ThailandLargest & Longest Cohort study in Thailand

•• 66,,500500 subjects:subjects: 1717 years followyears follow--upup66,,500 500 subjects: subjects: 17 17 years followyears follow upup

•• Complete medical history, physical exam & lab testComplete medical history, physical exam & lab test

•• Primary end point: CV deaths & eventsPrimary end point: CV deaths & events





EGAT 1/3 study 

17 year historical cohort study (1985 -2002)
Cardiovascular events and risk factorsCardiovascular events and risk factors
3499  personnel of the Electricity 
Generating Authority of Thailand (EGAT)
2702 male and 797 female participants2702 male and 797 female participants



2702 male participants
without CAD

(1985) 17 years Hard coronary events(1985)
Known risk factors

Rama-EGAT heart score
(Male)(Male)



Hard coronary events

1 Definite MI  
1.1 participants who had final diagnosis of MI 

from medical record (based on The MONICA 
criteria for definite MI)
1.2 participants who had history or symptoms of p p y y p

MI or heart attack or CAD plus EKG changes 
that fulfilled the criteria for definite MI (Minnesota (
codes 1.1.1-1.2.8)  



Operational definitionsOperational definitions

2   Silent MI
2.1 Participants who had no history or 

symptoms of MI or heart attack but had EKG 
changes that fulfilled the criteria for definite MI 
(Minnesota codes 1.1.x)

3    Revascularization  PCI and CABG
4 Hard coronary event = fatal MI SUD nonfatal4    Hard coronary event  fatal MI, SUD, nonfatal 

MI and revascularization 



Hard coronary events

Fatal MI 30 (41.1)

SUD 14 (19.2)

Nonfatal MI 20 (27.4)( )

Revascularization 9 (12 3)Revascularization 9 (12.3)



Classical risk factors

AgeAge
Blood pressure
Total cholesterol
HDL cholesterolHDL cholesterol
Current smoker 
Diabetes



N i k f tNew risk factors

Current drinker

TG BMITG, BMI

Abdominal obesity (waist y (
circumference>90cm. (man))



Univariate analysis

Score df Sig.

y

Variables not in the Equation(a)

AGE85 22.337 1 .000

SBP85 19.860 1 .000

TC85 7.226 1 .007

HDL85 13 735 1 000HDL85 13.735 1 .000

DM85C98A 22.126 1 .000

CUR2 SM 885 1 347CUR2_SM .885 1 .347

CUR_AL85 14.093 1 .000

BMI85 23.262 1 .000

WAIST85 24.121 1 .000

TG85 4.049 1 .044



Multivariate analysis
Variables in the Equation (step 8)Variables in the Equation (step 8)

95.0% CI for 
Exp(B)

B SE Wald df Sig. Exp(B)

Exp(B)

Lower Upper

AGE85AGE85 .077 .023 10.984 1 .001 1.080 1.032 1.130

SBP85 .019 .007 7.739 1 .005 1.019 1.006 1.032

TC85 .005 .003 4.010 1 .045 1.005 1.000 1.010

HDL85 -.037 .013 8.883 1 .003 .963 .940 .987

DM85C98A 785 298 6 921 1 009 2 193 1 222 3 935.785 .298 6.921 1 .009 2.193 1.222 3.935

CUR2_SM .554 .246 5.082 1 .024 1.740 1.075 2.817

WAIST85 .029 .014 4.446 1 .035 1.030 1.002 1.058

CUR_AL85 791 243 10 583 1 001 454 282 730_ -.791 .243 10.583 1 .001 .454 .282 .730



B SE Wald df Sig. Exp(B)

AGE85 077 023 10 731 1 001 1 080AGE85 .077 .023 10.731 1 .001 1.080

BP_CLASS 6.655 4 .155

BP_CLASS(1) .119 .346 .118 1 .731 1.126

BP_CLASS(2) .333 .385 .746 1 .388 1.395

BP_CLASS(3) .516 .359 2.071 1 .150 1.676

BP CLASS(4) .958 .406 5.576 1 .018 2.608BP_CLASS(4) .958 .406 5.576 1 .018 2.608

TC_CLAS2 7.248 3 .064

TC_CLAS2(1) -.675 .753 .803 1 .370 .509

TC_CLAS2(2) -.100 .299 .112 1 .738 .905

TC_CLAS2(3) .631 .357 3.130 1 .077 1.880

HDL_CLS2 13.004 3 .005_

HDL_CLS2(1) .655 .267 6.007 1 .014 1.924

HDL_CLS2(2) -.298 .357 .698 1 .404 .742

HDL CLS2(3) 2 033 1 016 4 006 1 045 131HDL_CLS2(3) -2.033 1.016 4.006 1 .045 .131

DM85C98A .904 .298 9.199 1 .002 2.470

CUR2_SM .519 .246 4.455 1 .035 1.681

WAIS8090 .568 .255 4.979 1 .026 1.765

CUR_AL85 -.788 .244 10.406 1 .001 .455



Characteristics

Age                          42.90
SBP 122 04SBP                        122.04 
Total cholesterol     223.77
HDL cholesterol       45.32
DM                             0.07 
Smoker                      0.55
Waist > 90 cm 0.18Waist  90 cm           0.18
Current drinker          0.75

Average 10- year survival time = 0.9862



Coronary disease risk predictionCoronary disease risk prediction 
score

The Cox proportional hazard model (directThe Cox proportional hazard model (direct 
calculation)

Points system



Coronary disease risk predictionCoronary disease risk prediction 
score

Cox proportional 
h d d lhazard model



Coronary disease risk predictionCoronary disease risk prediction 
score

Points system



Development of EGAT risk scoreDevelopment of EGAT risk score 
in points system p y

Ri k Coef 2 S

0.077*5 = 0.385

Risk 
factor

Coef.2
EGAT

Set constant = risk at age increase 5 y

Score 1

Age 0.077

Score  1

g

Smoking 0.519 Score for smoking = 0.519/0.385 = 1

Diabetes 0.904
Score for diabetes = 0.904/0.385 = 2



                  risk factor        coefficients score       coefficients score

age          35 – 39 (37) -.385 -1g
              40 – 44 (42)

              45 – 49 (47)

0

.385

 0

 1( )

              50 – 54 (52) .770  2

BP       SBP<120,DBP<80                .119 0                         

0                     SBP 120 - 129 DBP 80 – 84

     SBP 130 - 139 DBP 85 – 89

             0

           .333

0                

1                

1                     SBP 140 - 159 DBP 90 – 99
     SBP > 160 DBP > 100

           .516
           .958

1                

2



           score         10 year risk (%)y ( )

                      < -3                              <1

                         -2                                1

                         -1                              1  

                          0                              1   

                          1                              2 

                          2                              3

                          3                              5                          3                              5

                          4                              7 

                          5                               10

                          6                             14

                       > 7                             > 20



Sample

ชายไทยอายุ 48 ป เปนเบาหวานมา 2 ป ความดนัโลหติ 

146/94 mmHg total cholesterol 320 mg% 
HDL h l t l % ไ  ื่  ไ  ี่HDL cholesterol 34 mg% ไมดมืเหลา ไมสูบบุหรี 

วัดรอบเอวได 92 ซม. 



ป ั ี่ ี่ปจจัยเสียง คะแนนความเสียง     

อาย 48 ป          1ุ          1

เปนเบาหวาน          2

ความดันโลหิต 146/94 mmHg          1

total cholesterol 320 mg%          2

HDL cholesterol 34 mg%          2HDL cholesterol 34 mg%          2

ไมดื่มเหลา          0

ไมสูบบุหรี่          0

รอบเอว 92 ซม.          1



         คะแนนรวม ความเสี่ยงตอโรคหลอดเลือดหัวใจที่สําคัญ 

ใน10ป (%)
                          < 3                             <1                          < -3                             <1

                            -2                                1

                            -1                              1  

                             0                              1   

                             1                              2 

                             2                              3

                             3                              5

                             4                              7 

                             5                               10

                             6                             14                             6                             14

                > 7                > 20



Model evaluation



17- year risk (%) 

25

20
Framingham   +243.14%

CMCS - 12 26%
15 Framingham

CMCS

CMCS  - 12.26%

EGAT + 21.47%

10 Actual

E t
5

Egat

0

first second third forth fifth

Quintile of predicted risk based on original Framingham score



ROC Curve
1.00

.75

.50 Source of the CurveAUC  

y .25

EC_RIS17

CH RIS17

CMCS = 0.619 

Framingham = 0.699

EGAT (classic) = 0 760

Se
ns

iti
vi

ty

0 00

CH_RIS17

E2_RIS17

FR RIS17

EGAT (classic) = 0.760

EGAT (waist+alc) = 0.772   

1 Specificity

1.00.75.50.250.00

S 0.00 FR_RIS17

Diagonal segments are produced by ties.

1 - Specificity



Simple score

Age
HT ( / )

Age
Bl d HT (y/n)

Very high chol (>280)
Blood pressure
Total cholesterol

Current smoker
DM (y/n)

HDL cholesterol
Current smoker 

Waist 90/80
Sex

Diabetes
Waist>90cmWaist 90cm
Alcohol



ปจจัยเสี่ยง คะแนน

1.อายุ       35-39 

              40-44

              45 49

-2

0

2              45-49

              50-54

2

4

2. เพศ      หญิง 0

              ชาย 3

3. Chol    < 280

                > 280

0

4                > 280 4

4. บุหรี่     ไมสูบ

              ยังสูบบุหรี่

0

2

5. เบาหวาน  ไมเปน

                เปน

0

5

ั โ ิ ไ  ป6. ความดันโลหิตสูง  ไมเปน

                         เปน

0

3

7.รอบเอว  ชาย  > 90  cm / หญิง > 80 cm7.รอบเอว  ชาย   90  cm / หญง 80 cm     
                           ไมใช

                            ใช

0

3



คะแนนความเสีย่งรวม โอกาสเกิดโรคเสนเลือดหัวใจตีบรุนแรงในเวลา 10 ป 

(%)

                            -2 0

0 0

1 1

2 1

3 1

4 1

5 15 1

6 1

7 27 2

8 2

9 2

10 3



11 4

12 4

13 5

14 6

15 8

16 9

17 11

18 14

19 16

 >20 20



ตัวอยาง
ชายไทยอายุ 48 ป ความดันโลหิต 

ื ไ ั 
ปจจัยเสี่ยง         คะแนนความเสี่ยง

146/94  เคยตรวจเลือด ไขมันนอย

กวา 250 สูบบุหรี่วันละ 1 ซอง วัด

ไ 

อายุ 48 ป                     2 

เพศชาย                       3  รอบเอวได 92 ซม. เพศชาย                       3  

ความดันเลือด 146/94          3 

ไขมันไมสูง 0 

ไมเปนเบาหวาน               0 ไมเปนเบาหวาน               0 

สูบบุหรี่                       2

รอบเอว 92 ซม.               4



11 4

12 4

13 5

14 6

15 8

16 9

17 11

18 14

19 16

 >20 20



Very simple score (no blood test)

Age
HT ( / )

Age
Bl d HT (y/n)Blood pressure
Total cholesterol

Current smokerHDL cholesterol
Current smoker 

Waist 90/80
Sex

Diabetes
Waist>90cmWaist 90cm
Alcohol



simple risk factors (no blood test)simple risk factors (no blood test)

AgeAge
Blood pressure
Smoking status (no occSmoking status (no, occ, 
everyday) 
Waist circumferenceWaist circumference 
(75,90 cm)



Waist circumference & TC

235
240

220
225
230

205
210
215 total cholesterol(mg%)

195
200

<75 75-90 >90



Waist circumference & TC > 280

14
16
18

8
10
12

TC>280(%)

4
6
8 TC>280(%)

0
2

<75 75-90 >90



Waist circumference & HDL

48

50

44

46

HDL ( %)

40

42
HDL (mg%)

38

40

<75 75-90 >90



Waist circumference & HDL cat.

50

60

30

40 <35
35-49 (%)

10

20 50-59
>60

0

10

<75 75-90 >90



Waist circumference & DM

12

14

8

10

4

6 DM(%)

0

2

<75 75-90 >90



Variables in the Equation

B SE Wald df Sig. Exp(B) 95.0% CI for Exp(B)

Lower Upper

AGE85 .079 .023 11.438 1 .001 1.082 1.034 1.133
Variables in the Equation

BP_CLASS

6.941 4 .139

BP_CLASS(1) .173 .345 .251 1 .616 1.189 .604 2.338

BP_CLASS(2) .254 .384 .437 1 .509 1.289 .607 2.736

BP_CLASS(3) .600 .354 2.884 1 .089 1.823 .912 3.645

BP_CLASS(4) .938 .401 5.464 1 .019 2.556 1.164 5.612

WAIS7590 13.399 2 .001

WAIS7590(1) .676 .445 2.315 1 .128 1.967 .823 4.700

WAIS7590(2) 1 435 469 9 379 1 002 4 199 1 676 10 520( ) 1.435 .469 9.379 1 .002 4.199 1.676 10.520

SM85RANK 7.037 2 .030

SM85RANK(1) .374 .338 1.223 1 .269 1.453 .749 2.816

SM85RANK(2) .803 .317 6.404 1 .011 2.232 1.198 4.157



Very simple score (no blood test)

Age
HT ( / )

Age
Bl d HT (y/n)Blood pressure
Total cholesterol

Current smokerHDL cholesterol
Current smoker 

Waist 90/80
Sex

Diabetes
Waist>90cmWaist 90cm
Alcohol



17- year risk (%) 

25

20
Framingham

15 CMCS

Actual

10 Egat

i l
5

simple

very simple

0

first second third forth fifth

Quintile of predicted risk based on original Framingham score



ROC CurveROC Curve
1.00

.75

.50
Source of the Curve

25

CH_RIS17

V1_RIS17

en
si

tiv
ity

.25

0 00

E3_RIS17

E2_RIS17

FR RIS17

1 - Specificity

1.00.75.50.250.00

Se 0.00 FR_RIS17

Diagonal segments are produced by ties.

1 - Specificity













Tools

Modified Rama EGAT score
Kiosk (NECTEC)







RAMA-EGAT CAVI score

แบบคํานวณความเสี่ยงที่จะพบโรคหลอดเลือดเลี้ยงหัวใจ

ตีบ ณ เวลาปจจุบัน โดยประเมินจากปจจัยเสีย่งตางๆ 

 ั ั  CAVI ( di klรวมกับการวัดคา CAVI (cardio-ankle 
vascular index)vascular index)



Arterial stiffnessCardio-ankleArterial stiffnessCardio-ankle 
vascular index



ปจจัยเสี่ยงปจจยเสยง
< 44 45-49 50-54 55-59 60-64 65-69 >70

0 2 4 6 8 10 12
อายุ

ความดนัโลหิตสูง   4ู

โรคเบาหวาน  4

Chol>280 2Chol>280 2

เพศชาย  8

รอบเอวเกนิ (90/80) 3

ี่สูบบุหรี  1



โอกาสพบโรคหลอดเลือดเลี้ยงหัวใจตีบคาํนวณจากปจจัยเสี่ยงโอกาสพบโรคหลอดเลอดเลยงหวใจตบคานวณจากปจจยเสยง

0-8 9-12 13-16 17-19 >20คะแนนรวม 0 8 9 12 13 16 17 19 >20

6.4% 14.5% 27.2% 29.1% 47.7%6.4% 14.5% 27.2% 29.1% 47.7%



โอกาสพบโรคหลอดเลือดเลี้ยงหัวใจตีบคาํนวณจากปจจัยเสี่ยงโอกาสพบโรคหลอดเลอดเลยงหวใจตบคานวณจากปจจยเสยง

รวมกับคา CAVI

คะแนนรวม 0-8 9-12 13-16 17-19 >20

CAVI < 7.2 3.8% 2.3 % 3.2% 5.1% 5.3%

CAVI > 7 2 8 9 1 6% 9 6% 14 4% 8 9% 20 7%CAVI > 7.2-8.9 1.6% 9.6% 14.4% 8.9% 20.7%

CAVI >8.9 17.3% 35.5% 68.6% 76.6% 85.2%% % % % %





Th R EGAT t kThe Rama-EGAT stroke 
score

The Rama-EGAT study groupThe Rama EGAT study group



Multivariate analysis



                  risk factor       coefficients score                  risk factor       coefficients score

age         35 – 39 (37) -.365 -2

              40 – 44 (42)

              45 49 (47)

0

365

 0

 2              45 – 49 (47)

              50 – 54 (52)

.365

.730

 2

 4

DM         no      0 0

yes .830 4



      risk factor       coefficients score

HT           no 0 0

yes .896 5

DM         no      0 0DM         no 

yes 

     0

.830

0

4

smoking   no

yes   

0

427

0

2yes   .427 2



           score 22 year risk (%)

                         -2   1.12

                         -1 1.61

                          0  2.31

                          1 3 31                          1 3.31

                          2 4.73

                          3  6.75

                          4  9.58

                          5   13.5

                          6 18 9                          6 18.9

7 26.0



           score 22 year risk (%)

8 35.2

>9 >40



Model evaluationModel evaluation

AUC  0.668



22- year risk (%) 

Quintile of predicted risk 



CVD




