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Background

Acute Myocardial Infarction(AMI): Coronary Artery blood flow reduces or stops.

ST-segment elevation myocardial infarction(STEMI): abnormal elevation of the ST segment 

on the electrocardiogram.

Risk factors include hypertension, smoking, diabetes, lack of exercise, obesity, 

hypercholesterolemia, and excessive alcohol(Mehta et al, 2015; Thomas et al, 2018).

Introduction

Rising burden of AMI
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AMI’s global damage: 8.9 million deaths in 2019 (WHO)

In Singapore: Afflicts 10,000 Singaporeans annually, and the incidence is expected to increase by 

59% by 2030 (AMI-HOPE project, NUS).

Young AMI patients in Singapore: 94% are male, mean age of 40.2 years(Wong et al, 2012).



Background

Chinese(74.0%), Malay(13.5%),Indian(9.0%) & Other(3.4%).

Singapore Risident Population

AMI in Singapore (2018)

AMI Expected Trends in next 25 years

Incidence rate:
Age - ≥65 (1,380cases / 100,000 people); 40~64 (286 / 100,000); 15~39 (11 / 100,000).
Gender - Male (483 / 100,000people, diabetes and smoking); Femal (228 / 100,000, overweight and hyperlipidemia).
Race - Chinese (58 / 100,000), Malays (114 / 100,000), Indians (126 / 100,000).
30d and 1yr mortality rates -  Chinese (15% and 21%), Malays (13% and 18%), Indians (9% and 13%) 

(Zheng et al, 2019).

Incidence rate would increase by 194.4%:
Age - ≥65: +28.3%; 40~64: +114.0%; 15~39 +93.2%.
Gender - Male: +211.9%; Female: +169.5%.
Race - Chinese: +202.8% ; Malay: +216.4% ; Indians: +147.4%

 (Chew et al. 2023)
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Data Source : National Registry of Diseases Office (2007–2021)
Key Indicators : 1y all-cause mortality of AMI (STEMI) patient

 (outcome, from symptom onset to death)

COHORT STUDY

Statistical Methods

Model

Variables & Results

Bayesian Proportional Hazards Models (Paolucci et al, 2023)

Multi distribution models to triangulate Hazard Ratios and Failure Time

Markov Chain Monte Carlo chains.

Gender, age group, comorbidity, BMI(Body Mass Index, Asian standard)

Hazard Ratios/Mean of AFT & 95% Credible Intervals

Reference:
Paolucci, I., Lin, Y. M., Albuquerque Marques Silva, J., Brock, K. K., & Odisio, B. C. (2023). Bayesian parametric models for survival prediction in medical applications. BMC medical research 
methodology, 23(1), 250. https://doi.org/10.1186/s12874-023-02059-4



Operation Codes

bayes, nchains(3) mcmcsize(1000) burnin(500/100) rseed(1390):

streg i.OnsetAge5Groups, GENDER, RACE, GRACE_Killip, BMI_Asian HT DM RENAL

distribution(exponential/gomperz/weibull/loglogistic)  「time」 frailty(gamma)

Bayesian Survival Models

「Stata 19.0」Statistics function ➡ Bayesian analysis ➡ ️ Regression 

models ➡ ️ Survival models ➡ ️ Parametric survival models [lauch] ➡  

Independent variables: [next page] ️️

Procedure in Stata



Survival Analysis Results

Invoke 3 mcmc chains 
Generate 1000 samples simultaneously
Burn-in first 500 initial iteration results
Retain 1000 posterior probability samples. 
Name the seed [1390].

Assume: survival time follows EXP distribution.

frailty(gamma):  correct "unobserved individual 
heterogeneity", overcome bias.

Processing...
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Descriptive Results

AMI onset mortality(all STEMI patients)

Age Alive Alive (%) Death Death (%) Total

<30 81 94.19% 5 5.81% 86

30-39 921 97.36% 25 2.64% 946

40-49 4483 96.06% 184 3.94% 4667

50-59 9023 93.76% 600 6.24% 9623

>=60 13925 82.52% 2950 17.48% 16875

Total 28433 88.31% 3764 11.69% 32197

Age Male Male(%) Female Female(%) Total

<30 79 91.86% 7 8.14% 86

30-39 871 92.07% 75 7.93% 946

40-49 4271 91.51% 396 8.49% 4667

50-59 8720 90.62% 903 9.38% 9623

>=60 11694 69.30% 5181 30.70% 16875

Total 25635 79.62% 6562 20.38% 32197

AMI onset mortality(gender)



️Smoking:
Inverted U-shape

Diabetes(Type 2): Monotonous Increase

Risky factor trends



Survival Analysis Results: Exponential Regression

Compared to the <30 age group:[30,59] group has lower HR**
Age ≈ protective factor  <30 group has highest Haz. Ratio.

➡️ They are young but the disease onset is very severe?

Malay female with comorbidities has higher HR**.
Other: ≈3.5% but insignificant - creditable interval includes 1.

BMI shows negative correlation. - need more confirmation.

GRACE_killip: Risk stratification in acute coronary syndrome
(Tscherny et al, 2020)

Reference:
Tscherny, K., Kienbacher, C., Fuhrmann, V., van Tulder, R., Schreiber, W., Herkner, H., & Roth, D. (2020). Risk stratification in acute coronary syndrome: Evaluation of the GRACE and CRUSADE scores in the setting of a tertiary 
care centre. International journal of clinical practice, 74(2), e13444. https://doi.org/10.1111/ijcp.13444



Survival Analysis Results: Exponential AFT (Mean)

Compared to <30:
30-39: Mean = 2.66** ➡ ️TR = exp(2.66) ≈ 14.9**, lower risk.
40-49: Mean = 1.51** ➡️ TR = exp(1.51) ≈ 4.5**
50-59: Mean = 0.65** ➡ ️TR = exp(0.65) ≈ 1.9**
≥60: Mean =-1.87** ➡ ️TR = exp(-1.87) ≈ 0.15**

ln(theta): 0, same individual; ±♾️, individual difference.

Female: TR ≈ 0.27**; Malay/Other include 0, show no significance.

Grace_killip TR➡️ ≈0.17**, 0.057**, 0.016** - higher risk.

BMI ➡️ ≈4.1**, 9.9**, 15.6** - 



Survival Analysis Results: Gompertz Regression

Age increases while hazard decreases(except age ≥ 60)

Female**, Malay(no significance)

BMI - protective factor.

Renal insufficiency HR > 5, strongest independent risk factor.

The shape parameter ➡️ risk decreases over time, possibly from 

deliberate efforts.



Survival Analysis Results: Weilbull Regression

Age, Gender, Race, Killip, BMI(obesity paradox) and comorbidities,
differences and significance still exist

ln_p = - 0.81, shape parameter (p) ≈ 0.44



Survival Analysis Results: Weibull  AFT (Mean)

Compared to <30:
30-39: Mean = 2.66** ➡ ️TR = exp(2.66) ≈ 14.9**, longer life.
40-49: Mean = 1.51** ➡️ TR = exp(1.51) ≈ 4.5**
50-59: Mean = 0.65** ➡ ️TR = exp(0.65) ≈ 1.9**
≥60: Mean =-1.87** ➡ ️TR = exp(-1.87) ≈ 0.15**, shorter life.

Female**, 
Malay and Other race**, 
Thin but dangerous**.



Survival Analysis Results: Log-logistic AFT(Mean)

non-monotonous

Age, Gender, Race, BMI(obesity paradox) and comorbidities,
differences and significance still exist



Survival Analysis Results: Log-normal AFT(Mean)

non-monotonous & long-tail

Age, Gender, Race, BMI(obesity paradox) and comorbidities,
differences and significance still exist



Age <30, Female, Malays
(may have low BMI or other unhealthy lifestyle, comorbidities)

BMI＜18.5 = 1.6 m～ 47 kg

Analysis Results - Target Profile
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Aware of 

“Thin Outside, Fat Inside”

Mindfulness Circles

Peers & Interaction Influencers 

Social Contagion

High-pressure workplace.

Few wellness Break

Few Smoking Session

Nasi Lemak, Santan, Goreng...

Healthy food unacessible. 

Discussion & Recommendations

Behavioural
Change

Outsetting
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Conclusions & Recommendations

Individual
Behavior
Change

Eating 
Habits

Social 
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Workplace
Culture
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Support

Muscle-Centric 
NutritionFor All
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