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Presentation Outline

● Legislative environment determines health outcomes
● Did smoke-free legislation reduce AMI in Singapore?
● Does smoke-free legislation reduce stroke around the world?
● Do Good Samaritan Laws increase BCPR in the real world?



World Justice Project Rule of Law Index 2024

2018 Global Law and Order Report. Gallup, Inc



Singapore, a law-abiding nation
@aloysiustay8 on Tiktok



Social Ecological Model



Social environment & health behaviors are 
the biggest determinants of health

McGovern et al. Health Affairs 2014



How about in emergency medical care - cardiac arrest?



How about in emergency medical care?

Nadarajan et al. Resuscitation 2018



Circumventing the KAP disconnect

Example:



Study #1 of 3



It is an offence “to inhale and expel the smoke of tobacco or any other substance and to hold any 
cigar, cigarette, pipe or any other form of tobacco product which is alight or emitting smoke”

Smoking (Prohibition in Certain Places) Act 1992



Correct as at 4th March 2025



Timeline of smoking controls (pg 1 of 2)
1992: Smoking (Prohibition in Certain Places) Act integrates previous smoking bans (buses, MRT, cinema).

1994: Smoking is banned in all air-conditioned private offices and factories.

1997: Smoking is banned on the compounds of all educational institutions - schools, junior colleges, polytechnics and covered 
buildings in universities.

2004: Graphic warnings on the dangers of smoking are required to be displayed on cigarette packs. Singapore ratifies the World Health 
Organisation Framework Convention on Tobacco Control, the first evidence-based global health treaty which came into force in 2005.

2007: Smoking is banned in all entertainment outlets including pubs, bars, dance clubs, lounges and nightclubs and their outdoor
refreshment areas.

2009: All Singapore duty-paid cigarettes (SDPCs) have to be labelled with SDPC marks and vertical bars on individual sticks.

2010: Smoking cessation counselling offered in schools, with full-time nurses stationed to counsel students in secondary schools, 
colleges and polytechnics.

2011: Ban on sale of tobacco products in shops that sell health-related products and those that offer youth-centric products or services 
such as game arcades, confectioners, candy, comic and toy stores.

National anti-smoking social movement I Quit launched by Health Promotion Board (HPB). It adopts a community-based personalised 
approach to build a network of support for smokers to quit.

2012: Blue Ribbon initiative launched by HPB to encourage and mobilise businesses and organisations like markets, food centres and 
hotels to support smoke-free environments given the harm of second-hand and third-hand smoke.



Timeline of smoking controls (pg 2 of 2) 
2013: Smoke-free places expanded to include public areas in residential areas including common areas of residential buildings 
(common corridors, void decks, staircases, stairwells and multi-purpose halls), covered walkways and linkways, pedestrian overhead 
bridges, a 5m radius from the edge of bus shelters, and hospital outdoor compounds.

2014: Ban on shisha.

2015: Ban on emerging tobacco products such as smokeless cigarettes and dissolvable tobacco or nicotine.

2016: Ban on point-of-sale display, customer loyalty programmes and promotional schemes involving tobacco products.

2017: Ban on smoking in private hire cars, trishaws and excursion buses, and compounds of autonomous universities, private 
educational institutions and within 5m of all educational institutions; food and beverage outlets no longer allowed to apply for new 
smoking corners.

Ministry of Health announces plan to increase minimum legal age for smoking from 18 to 21 by 2021.

2018: Ban on e-cigarettes and vaporisers; 10 per cent increase in excise duty for all tobacco products, including clove cigarettes, and 
other cigarettes containing tobacco and tobacco substitutes, which are now subjected to excise duty of 42.7 cents for every gram or 
part thereof of each cigarette, up from 38.8 cents previously. This came after cigarette and manufactured tobacco levies went up by 10 
per cent in 2014.

2019: Smoking in all public areas within Orchard Road precinct prohibited, but there are more than 50 designated smoking areas.



Did expansion of smoking control reduce AMI 2010-2019?

● Countries that enacted smoke-free laws have reported respiratory health 
benefits

● Majority of studies examined indoor smoking bans
● Our previous studies found that air quality triggered AMI within 4 days
● Did the series of smoking controls in Singapore reduce AMI incidence?
● Did certain subpopulations benefit more?

2013 2016 2017



Methods

● Singapore MI registry (2010-2019) 
○ Mandatory notification by law

● Interrupted time-series, with SARIMA models
● Accounted for monthly population size (from mid-year estimate)
● Accounted for prevalence of obesity, hypertension, diabetes, hyperlipidemia 
● Accounted for prevalence of smoking (eg 13.9% in 2010, 10.1% in 2020)
● Accounted for tobacco retail prices
● Assessed effect modification by age & sex

Ho et al. BMJ Global Health 2023



Interrupted time series (1)

Counterfactual

Ho et al. BMJ Global Health 2023



Interrupted time series (2)

β=−0.6, 95% CI −1.0 to –0.3
2097 cases (95% CI 2094 to 2100) averted

Ho et al. BMJ Global Health 2023



Effect modification by age

Age≥65

Age<65

β=−5.9, 95% CI −8.7 to –3.1

β=−0.4, 95% CI −0.6 to –0.2

Ho et al. BMJ Global Health 2023



Findings

● AMI incidence fell following the 2013 smoking ban to housing estates 
(common areas, pedestrian linkways, overhead bridges, bus stops)

● Averted 2097 (95% CI 2094 to 2100) cases over 10 years
● Further expansion to parks, schools, buses and taxis did not show further 

protection 
● Non-significant increase in AMI in 2016 was unexpected (related to hs-TnT 

assay rolled out in 2014?)
● Elderly much more likely to benefit
● Limitation: causality

Ho et al. BMJ Global Health 2023



Cohort smoking ban?



Study #2 of 3

How are other cities’ smoking 
control doing in terms of 

protection against emergency 
health conditions?



Chua et al. Eur Stroke J 2024

Stroke 
admission

Stroke 
Mortality



Results

● Included 15 studies, of which 13 meta-analyzed
● Conducted between 2010 to 2023
● 6 Europe, 5 North America, 4 East Asia
● 6 studies analyzed country-wide bans, 4 state/province-wide, 5 city-wide
● 9 studies used ITS, 4 before-after with control, 2 before-after without control
● All were indoor bans
● Extent of ban:

○ Workplace, restaurants and bars (WRB): 12 studies
○ Workplace and restaurants (WR): 1 study
○ Workplace only (W): 1 study

Chua et al. Eur Stroke J 2024



Effect of smoke-free legislation (WRB) on stroke 
admissions

Chua et al. Eur Stroke J 2024



Effect of smoke-free legislation (WRB) on stroke mortality

Chua et al. Eur Stroke J 2024



Study #3 of 3 [Work in progress]

Research question:
1. Do Good Samaritan Laws impact bystander CPR?
2. If so, which features do that?



BCPR doubles survival in OHCA but barriers remain

KAP Survey, Singapore Heart Foundation 2024

Willingness to perform CPR: Barriers to perform CPR:

Okada et al. Resuscitation 2025



Good Samaritan Laws
● Review of GSLs in USA found substantial variations across states & time, as 

applied to drug overdose (Reader et al 2022)
● A before-after study in Shenzhen found that BCPR rates increased after 

Emergency Medical Aid Act, which has GSL components and more (Li et al 
2024)

● Review off Westlaw legal database 1989-2019 found many cases alleging 
battery & negligence in OHCA scenarios (Murphy et al 2019)

Murphy et al. 
Resuscitation 2019



How might we study the impact of GSLs on BCPR? 

A natural experiment exploiting inter-state legal 
heterogeneity in USA



Legal Protection Index
(0-100)

[Main exposure]

Individual-level BCPR
[Main outcome]

Study wording & 
implementation of GSL

Mixed model accounting 
for clustering in states
Adjusted for individual & 
group confounders



Legal Protection Index - a novel approach 





Stay tuned for results



Final thoughts

● Examined 3 CV emergencies, in 3 populations, using 3 methods
● Legislative environment impacts population-level health behaviors & 

outcomes
● Current challenges include how to scope legislation to balance effectiveness 

with intrusiveness
● Creating an evidence base helps us to move towards this ideal



Thank you for your attention!

My email: andrew.ho@duke-nus.edu.sg
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