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A B S T R A C T

Background: Banning smoking from public places may prevent adolescent smoking, but there is little evidence
on impact of smoke-free policies (SFPs) from low and middle-income countries. This study assessed to what
extent the adoption of local SPFs in Indonesia between 2007 and 2013 associated with adolescent smoking.
Methods: Data on 239,170 adolescents (12–17 years old) were derived from the 2007 and 2013 national health
surveys in 497 districts and 33 provinces. This study compared 2013 survey respondents living in districts/
provinces that adopted SFPs between 2007 and 2013, with 2007 respondents and 2013 respondents in districts/
provinces that did not adopt policies. Multilevel logistic regression analysis assessed whether SFP was associated
with daily and non-daily smoking. We controlled for survey year, SFP in 2007, socio-demographics, and district
characteristics.
Results: Strong district SFPs was significantly associated with lower odds of daily smoking (OR:0.81, 95
%CI:0.69-0.97), but non-significantly with non-daily smoking (OR:0.89, 95 %CI:0.76-1.05). Strong provincial
SFPs was not associated with daily smoking (OR:1.02, 95 %CI:0.84–1.25), but was associated with higher odds
of non-daily smoking (OR:1.22, 95 %CI:0.99-1.51). Moderately strong SFPs did not consistently show associa-
tions in the same direction. For example, moderately strong provincial SFP was associated with higher odds of
daily smoking (OR:1.27, 95 %CI:1.11-1.46) and lower odds of non-daily smoking (OR:0.82, 95 %CI:0.72-0.93).
Conclusion: We did not detect a consistent short-term effect of district and province-level smoke-free policies on
adolescent smoking in Indonesia. Weak implementation and poor compliance may compromise effectiveness,
which would call for improvement of SFP implementation in Indonesia.

1. Introduction

In 2016, 40 million adolescents aged 13–15 years worldwide were
estimated to use tobacco products (Drope et al., 2018). Two thirds of
smoking adolescents globally live in low- and middle-income countries
(LMICs) (Drope et al., 2018), and in most LMICs, youth smoking pre-
valence is higher than 20 % (Xi et al., 2016). Implementation of tobacco
control policies will be needed in these countries to prevent adolescent
smoking and diminish the future burden of smoking-related diseases.
Banning smoking from public places may be an important example of
such policies.

Evidence from several high-income countries (HICs) demonstrates a
decline in adolescent smoking after implementation of smoke-free

policies. An Australian repeated cross-sectional study, using data from
1990 to 2005, found a decline in youth smoking prevalence after the
implementation of strong smoke-free legislation (White et al., 2011). A
longitudinal study from the United States showed that a smoking ban in
restaurants hampered the progress from experimental smoking to es-
tablished smoking among adolescents (Siegel et al., 2008). In the
United Kingdom, smoke-free policies reduced smoking prevalence
among girls by 4.3 % according to a repeated cross-sectional time-series
study (Katikireddi et al., 2016).

Few studies from LMICs have assessed the impact of smoke-free
policies. An ecological cross-sectional study from 43 LMICs showed that
countries with national smoke-free policies in schools had lower ado-
lescent smoking prevalence rates than countries that did not implement
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such policies (Agaku et al., 2014). A study in Turkey found no asso-
ciations between SFP in schools and smoking cessation in high-school
students (Demir et al., 2015). Other studies from LMICs focussed on
reductions in second-hand smoke exposure after implementation of
smoke-free in public places policies (Blanco-Marquizo et al., 2010;
Thrasher et al., 2013), but did not study changes in adolescent smoking
behaviour. Therefore, the impact of smoke-free policies on adolescents’
behaviour in LMIC settings needs further assessment.

Indonesia is among the countries with the highest burden of youth
smoking worldwide (Aditama et al., 2008; Reitsma et al., 2017).
Smoking rates among Indonesian adolescents have increased; the World
Health Organization’s (WHO) Global Youth Tobacco Survey found that
cigarette smoking prevalence among 13−15 year olds in Indonesia
increased from 24.5 % in 2006 to 33.9 % in 2014 among boys, though it
remained low, from 2.3 % to 2.5 %, among girls (World Health
Organization, 2006, 2015). Although Indonesia has not yet ratified the
WHO Framework Convention on Tobacco Control (FCTC), tobacco
control has progressed. For example, tobacco advertising on broad-
casting media has been partially restricted since 2005 (Republic of
Indonesia, 2005) and graphic health warning labels on cigarette packs
have been introduced in 2014 (Republic of Indonesia, 2012). The
adoption of smoke-free policies has been de-centralised, meaning that
local policy makers in districts and provinces can autonomously adopt
smoke-free policies. This has led to a variation between local settings
across the country in whether smoke-free policies have been adopted,
and how far these policies have developed in terms of comprehensively
banning smoking from a range of public places.

This study aimed to examine the impact of local smoke-free policies
on daily and non-daily smoking behaviour among adolescents in
Indonesia. We used nationally representative survey data from 2007 to
2013 of more than 200,000 Indonesian adolescents aged 12–17 years,
in a repeated cross-sectional, multilevel analysis. In a quasi-experi-
mental design, we compared odds of smoking outcomes among re-
spondents of the 2013 health survey living in areas that adopted smoke-
free policies between 2007 and 2013, with 2013 respondent in areas
that did not adopt smoke-free policies and respondents to the 2007
health survey.

2. Methods

2.1. Data, study population, and study sample

Data were obtained from the 2007 and 2013 Riset Kesehatan Dasar
(RISKESDAS) national health survey, administered by the Indonesian
Ministry of Health. RISKESDAS is repeated on a cross-sectional national
sample every six years and represents all 33 provinces and 497 districts
of Indonesia (Ministry of Health, 2013). RISKESDAS is a household
survey with multistage cluster sampling, which was conducted through
face-to-face interviews among respondents aged above 10 years old. In
2007, RISKESDAS reached 98.8 % census block (17.150 out of 17.357),
93.1 % households (258,466 out of 277,630), and 85.8 % household
members (972,989 out of 1,134,225). In 2013, RISKESDAS surveyed
99.9 % census block (11,986 out of 12,000), 98.3 % households
(294,595 out of 300,000), and 93 % household members (1,027,763
respondents). Replacement sample for households (up to five per 25
households) was applied in RISKESDAS, in which if the initial house-
hold declined to participate or was not present, the replacement
household was asked to participate. In the current study, we only in-
cluded respondents who were 12–17 years old; 115,319 respondents in
2007 and 123,851 respondents in 2013. No missing data was observed
in the included variables.

2.2. Measurements

2.2.1. Individual-level measurements
Two dichotomous outcome variables we measured: daily smoking

and non-daily smoking. The survey included the question: “Did you
smoke in the past 30 day?”. Participants who responded “yes, smoked
daily” were considered daily smokers and were compared with non-
smokers (i.e. answering “no, but I smoked in the past” or “never
smoked”). Respondents answering “yes, occasionally” were considered
non-daily smokers, and were compared with non-smokers. Individual
characteristics included gender (female or male) and age (in years).

2.2.2. Measurements of provincial and district smoke-free policies
A systematic search was performed on the official governmental

online database network (Jaringan Dokumentasi Informasi dan Hukum;
JDIH) of SFP documents from districts and provinces. The search was
carried out between February and June 2016, and updated in March
2019. For two districts that were included in the RISKESDAS data, we
were unable to retrieve policy documents, even after directly contacting
district authorities. These districts were assumed not to have adopted
smoke-free policies by 2013.

Using the retrieved policy documents, a SFP score was created for
each district and province using the smoke-free domain in the Tobacco
Control Scale (TCS) (Joossens and Raw, 2014). This domain score
ranges from 1 to 22 points (see Supplementary Table 1)1 and includes
workplaces, cafes and restaurants, public transport, educational in-
stitution, health facilities, government buildings, and cultural places.
Higher scores indicate stronger, more comprehensive smoking bans
(i.e., smoking is banned in more places, without exceptions, and
without smoking rooms).

The median TCS score among those districts and provinces that had
any SFP adopted by 2013 was 12 points. For the variable ‘district SFP
adopted by 2007′, participants from both surveys in 2007 or 2013 were
categorised into ‘no policy’ when they resided in districts and provinces
without policy adoption up to 2007, ‘moderate-strength’ when the TCS
score was 12 or lower, and ‘strong’ when the TCS score was larger than
12. For ‘district SFP adopted between 2007 and 2013′, all participants
from the 2007 survey were classified into ‘no policy’, as none of them
were exposed to policies adopted between 2007 and 2013. Participants
to the 2013 survey were categorised into ‘no policy’ when the district of
residence had not adopted a policy between 2007 and 2013 or when an
existing policy had not been amended since 2007. Participants in 2013
were classified into ‘adoption of moderate-strength SFP’ when smoke-
free policies were adopted between 2007 and 2013 and the TCS score
was ≤12 in 2013. They were categorised into ‘adoption of strong SFP’
when the TCS score was>12. The same approach was taken for pro-
vinces as for districts. There were no provinces or districts that changed

Table 1
Description of districts (N = 497) and provinces (N = 33), in percentages
unless otherwise specified.

Districts Provinces

Smoke-free policies (SFP)
SFP adopted by 2007
No policy 97.7 97.0
Moderately strong policy 2.3 3.0
SFP adoption 2007–2013
No policy adoption 85.1 75.7
Moderately strong policy 8.2 15.2
Strong policy 6.6 9.1
District characteristics
Population density (x1000 persons/km2)a 1.1 (2.5) –
GDP Per-capita (x1000 USD)a 2.1 (3.4) –
Tobacco Production
No production 71.7 –
Low 14.3 –
High 14.1 –
Type of residence
Rural 80.1 –
Urban 19.9 –

a Mean (SD).
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their policy from moderate to strong.
A total of 57 districts have been splitted from larger districts be-

tween 2007 and 2013, which increased the number of districts from
440 districts in 2007 to 497 districts in 2013. For new districts, the
2007 adoption status in the parent district was used.

2.2.3. Other district-level measurements
District-level covariates included Gross Domestic Product (GDP)

per-capita (in USD), population density (in persons/km2), type of re-
sidence (urban or rural), and district tobacco production (in tonnes
tobacco leaf produced/inhabitant). Data on population density and
GDP per-capita in 2007 and 2013 were obtained from Statistics
Indonesia. Districts were grouped into urban or rural according to the
classification in Indonesia’s sub-national governing structure that dis-
tinguishes municipal (urban) and regency (rural) districts (Republic of
Indonesia, 2014). Data on district tobacco production in 2007 and 2013
were derived from annual reports of the Indonesian Ministry of Agri-
culture (Ida Yunia Soependi et al., 2016). The median amount produced
in districts with any production was 0.27 tonnes per inhabitant. To-
bacco production was categorised into ‘no production’, ‘low’ (< 0.27
tonnes/inhabitant), and ‘high’ (≥0.27 tonnes/inhabitant).

2.3. Statistical analysis

Multilevel logistic regression models were performed to assess the
associations of daily and non-daily smoking with policy adoption at
district and province level. The multilevel structure accounted for
hierarchical clustering of the repeated cross-sectional data (individual
at level 1, district at level 2, and province at level 3). For each outcome,
four models were assessed: Model 1 included survey year, district SFP
adopted by 2007, district policy adoption between 2007 and 2013, and
individual characteristics (age, gender, and education); Model 2 in-
cluded survey year, provincial SFP adopted by 2007, provincial policy
adoption between 2007 and 2013, and individual characteristics; Model
3 included all covariates of Model 1 and Model 2; Model 4 additionally
included all district-level covariates (GDP per-capita, population den-
sity, tobacco production, and type of residence). Odds ratios with 95 %
confidence intervals (95 %CI) were derived, and the intraclass corre-
lation coefficient (ICC) was calculated for each model to quantify the
variation in smoking outcomes between districts and between pro-
vinces.

We performed a sensitivity analysis in which we used continuous
SFP scores and changes therein between 2007 and 2013 instead of
categorizations. Four post hoc sensitivity analyses were undertaken: 1)
main analysis stratified by two age groups, 2) two different definitions
of the dependent variables in which smokers are compared to never-
smokers and ex-smokers (i.e., non-smokers who are ever-smokers), 3)
the cut-off point of SFP to distinguish the policy level was increased

from 12 to 16 points, as this score generally reflects a distinction be-
tween complete bans vs. bans with some exceptions, 4) alternative SFP
scores in which one included only public places, public transportation,
and café/restaurant (without workplaces), and one that only includes
public places (i.e., educational institution, health facilities, and places
of worship). All regression analyses were performed using R version
3.4.4 with the lme4 package (Bates et al., 2018).

3. Results

Table 1 describes the 497 districts and 33 provinces included in this
study. By 2007, 2.3 % of districts had adopted moderate-strength SFP.
Between 2007 and 2013, 8.2 % adopted a moderate-strength SFP and
6.6 % adopted a strong SFP. Three percent of provinces had adopted
moderately strong SFP by 2007, and 15.2 % and 9.1 % of provinces
adopted moderately strong and strong smoke-free policies, respectively,
between 2007 and 2013. No districts or provinces had adopted strong
policies by 2007. The average population density of districts was 1100
persons/km2 and mean GDP per-capita was 2100 USD. The majority of
districts 71.7 %) had no tobacco production. Eighty percent of districts
were categorised as rural areas.

Detailed information on the adoption of smoke-free policies in dis-
tricts and provinces in each major Indonesian island is presented in
Supplementary Table 21. Java had the highest number of districts that
had adopted smoke-free policies by 2007 (nine districts) and by 2013
(40 districts) followed by Sumatra, Kalimantan, and Sulawesi. In 2013,
Sumatra counted three provinces that had adopted smoke-free policies,
followed by Java and Kalimantan with both two provinces, and Bali-
Nusa Tenggara Islands with one province.

Table 2 describes the individuals included in this study. Re-
spondents were on average 14.3 years old in 2007 and 14.4 years old in
2013. In both years, 48.9 % were girls. In 2013, the prevalence of daily
and non-daily smoking was 3.7 % and 3.6 %, respectively. In 2007, 8.6
% of boys reported daily smoking compared with 7.5 % in 2013. The
corresponding prevalence was 0.4 % and 0.1 %, respectively, in girls.

Table 3 presents the results of the multilevel logistic regression
models for daily smoking. Across models, the odds of daily smoking
were significantly lower in 2013 than in 2007 (Model 4: OR:0.82, 95
%CI:0.78–0.87). The odds of daily smoking were higher among ado-
lescents residing in districts and provinces that had adopted smoke-free
polices by 2007. Odds of daily smoking were lower among respondents
exposed to adoption of strong district SFP between 2007 and 2013
(Model 4: OR:0.81, 95 %CI:0.69–0.97), but not with moderately strong
policy (Model 4: OR:1.07, 95 %CI:0.92–1.25). Daily smoking was po-
sitively associated with the adoption of moderately strong provincial
policies (Model 4, OR:1.27; 95 %CI:1.11-1.46), but not with strong
provincial policies (Model 4, OR: 1.02; 95 %CI: 0.84–1.25). In Model 4,
the ICC was 7.5 % at the district-level and 2.9 % at the province-level.

Table 2
Description of the study population and smoking prevalence.

2007 (N = 115,319) 2013 (N = 123,851)

% population % daily smokers % non-daily smokers % population % daily smokers % non-daily smokers
Total 100 4.4 4.2 100 3.7 3.6
Individual characteristics
Age 14.3 (1.7)a 14.4 (1.7)a

12 19.1 0.4 0.9 19.1 0.2 0.5
13 19.1 0.9 1.5 17.7 0.5 1.1
14 16.3 1.8 2.7 16.8 1.7 2.4
15 15.8 4.5 5.3 15.6 3.9 4.9
16 15.1 8.3 7.2 15.2 7.5 6.9
17 14.7 13.1 9.9 15.6 11.5 8.3
Gender
Girls 48.9 0.4 0.6 48.9 0.1 0.1
Boys 51.1 8.6 7.9 51.1 7.5 7.2

a Mean (SD).
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The results for non-daily smoking are presented in Table 4. Odds of
non-daily smoking were lower in 2013 than in 2007 (Model 4: OR:0.86,
95 %CI:0.81–0.91). Living in a district or province that had adopted
SFP by 2007 was not significantly associated with non-daily smoking.
Adoption of moderately strong district SFP was significantly associated
with higher odds of non-daily smoking (Model 4: OR:1.19, 95
%CI:1.03–1.37), but adoption of strong policy was not significantly
associated (Model 4: OR:0.89, 95 %CI:0.76-1.05). Adoption of moder-
ately strong provincial SFP in 2013 was associated with lower odds of
non-daily smoking (Model 4: OR:0.82, 95 %CI:0.72–0.93), but adoption
of strong provincial SFP was not significantly associated with non-daily
smoking (Model 4: OR:1.22, 95 %CI:0.99-1.51). In Model 4, the ICC
was 5.6 % and 2.8 % for districts and provinces, respectively.

Tables 3 and 4 show that the odds of daily and non-daily smoking
were higher among older than younger adolescents, and higher in boys
than girls. Those who lived in districts with lower GDP per-capita had
lower odds of daily smoking (OR:0.97, 95 %CI:0.94–0.99) and non-
daily smoking (OR:0.96, 95 %CI:0.94–0.99). Adolescents in districts
with high tobacco production, compared to no production, had higher
odds of daily smoking (OR:1.26, 95 %CI:1.07–1.49).

Results of the sensitivity analysis, in which we used the continuous

TCS score, are presented in Supplementary Table 31. The TCS score in
2007, in districts and provinces, was not significantly associated with
daily smoking or non-daily smoking. A 10-point increase in the district
TCS score between 2007 and 2013 was significantly associated with
daily smoking (OR:0.92, 95 %CI:0.85–0.99), but not with non-daily
smoking (OR:0.99, 95 %CI:0.91–1.07). A 10-point increase in pro-
vincial TCS score between 2007 and 2013 was not significantly asso-
ciated with daily smoking (OR:1.09, 95 %CI:0.99–1.18) or non-daily
smoking (OR:0.97, 95 %CI:0.89–1.06).

Results of a sensitivity analysis stratified by two age groups is pre-
sented in Supplementary Table 41. Results for daily and non-daily
smoking among adolescents aged 15–17 were comparable with the
main analysis. For 12−14 year olds, the confidence intervals widened
when compared to the main results, due to the lower smoking pre-
valence in this group.

In Supplementary Table 51, we compared current smokers to never-
smokers and ex-smokers, respectively. Similar results were found as in
the main analysis when comparing smokers to never-smokers. When
comparing smokers to ex-smokers, we found generally stronger nega-
tive associations with SFP adoption between 2007 and 2013 than were
found in the main analysis.

Table 3
Multilevel logistic regression for daily smoking.

% daily smoking OR (95 %CI)

Model 1 Model 2 Model 3 Model 4

Year
2007 4.4 Ref Ref Ref Ref
2013 3.7 0.85 (0.81–0.90) 0.82 (0.79–0.86) 0.83 (0.78–0.87) 0.82 (0.78–0.87)

Smoke-free policies (SFP)
District SFP adopted by 2007

No policy 4.0 Ref Ref Ref
Moderately strong 5.3 1.34 (0.89–2.02) 1.39 (0.83–2.34) 1.78 (1.07–2.96)

District SFP adoption 2007–2013
No adoption 4.1 Ref Ref Ref
Moderately strong policy 3.9 1.02 (0.88–1.19) 1.02 (0.88–1.19) 1.07 (0.92–1.25)
Strong policy 3.3 0.80 (0.68–0.95) 0.80 (0.67–0.95) 0.81 (0.69–0.97)

Provincial SFP adopted by 2007
No policy 4.1 Ref Ref Ref
Moderately strong 4.3 1.27 (0.64–2.51) 0.91 (0.39–2.14) 1.34 (0.55–3.23)

Provincial SFP adoption 2007–2013
No adoption 4.2 Ref Ref Ref
Moderately strong policy 3.3 1.26 (1.10–1.45) 1.27 (1.11–1.46) 1.27 (1.11–1.46)
Strong policy 2.8 0.98 (0.81–1.20) 1.02 (0.84–1.24) 1.02 (0.84–1.25)

Individual characteristics
Age (12–17 years old) – 2.20 (2.16–2.24) 2.20 (2.16–2.24) 2.20 (2.16–2.24) 2.20 (2.16–2.24)

Gender
Boys 0.2 Ref Ref Ref Ref
Girls 8.0 52.6 (46.4–59.8) 52.6 (46.4–59.7) 52.6 (46.4–59.7) 52.4 (46.1–59.4)

District characteristics
Population density (per 1000 persons/km2) – 0.97 (0.94–1.01)
GDP per-capita (per 1000 USD) – 0.97 (0.94–0.99)

Tobacco Production
No production 3.8 Ref
Low 4.5 1.09 (0.93–1.28)
High 4.8 1.26 (1.07–1.49)

Type of residence
Rural 4.2 Ref
Urban 3.7 0.89 (0.75–1.05)

District variance (SD) 0.215 (0.464) 0.219 (0.468) 0.216 (0.464) 0.192 (0.438)
District intraclass correlation (%) 7.9 8.1 8.0 7.5
Province variance (SD) 0.066 (0.257) 0.072 (0.269) 0.072 (0.267) 0.073 (0.271)
Province intraclass correlation (%) 3.1 3.2 3.1 2.9
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Supplementary Table 61 presents results of a sensitivity analysis in
which the cut point to distinguish the policy level was increased from
12 to 16 points. Odds ratios were of similar direction and magnitude as
in the main analysis (e.g., OR for strong vs. no SFP is 1.12, for which the
inverse is 0.89).

In Supplementary Table 7, we present associations with two alter-
native SFP scores one that excluded workplaces, and one that only in-
cluding public places (i.e., educational institution, health facilities, and
places of worship). SFP excluding workplaces was similarly associated
with smoking outcomes as the original SFP score. Associations for the
alternative SFP score that only included public places showed some
differences with our main results. Most notably, we found that the
negative association between adoption of moderately strong district
SFPs and daily smoking was stronger (OR:0.69, 95 %CI:0.55-0.87) than
the original result (OR:1.07; 95 %CI:0.92-1.25).

4. Discussion

4.1. Key findings

Both daily smoking and non-daily smoking among adolescents in

Indonesia declined between 2007 and 2013. Adoption of strong district
smoke-free policies between 2007 and 2013 was associated with lower
odds of daily smoking and but not with non-daily smoking. Adoption of
strong provincial SFP between 2007 and 2013 was not associated with
daily smoking, but was associated with higher odds of non-daily
smoking. Adoption of moderately strong SFP did not consistently show
associations in the same direction as strong smoke-free policies.
Adoption of moderately strong provincial smoke-free policies was as-
sociated with higher odds of daily smoking and lower odds of non-daily
smoking while moderately strong district smoke-free policies were as-
sociated with higher odds of non-daily smoking and not associated with
daily smoking.

4.2. Evaluation of potential limitations

This study has some limitations that need to be taken into account
when interpreting the results. First, we have not been able to assess the
implementation of smoke-free policies, but only measured their adop-
tion and strength of the policy on paper, by reviewing the contents of
the policy documents. This means that we measured the official year of
adoption, but not when exactly and to what extent the policy was

Table 4
Multilevel logistic regression for non-daily smoking.

% non-daily smoking OR (95 %CI)

Model 1 Model 2 Model 3 Model 4

Year
2007 4.2 Ref Ref Ref Ref
2013 3.6 0.85 (0.81–0.89) 0.87 (0.83–0.91) 0.87 (0.82–0.91) 0.86 (0.81–0.91)

Smoke-free policies (SFP)
District SFP adopted by 2007

No policy 3.9 Ref Ref Ref
Moderately strong 4.2 1.10 (0.77–1.57) 1.12 (0.71–1.76) 1.31 (0.83–2.04)

District SFP adoption 2007–2013
No adoption 3.9 Ref Ref Ref
Moderately strong policy 4.0 1.14 (0.99–1.31) 1.14 (0.99–1.31) 1.19 (1.03–1.37)
Strong policy 3.2 0.89 (0.76–1.04) 0.88 (0.74–1.03) 0.89 (0.76–1.05)

Provincial SFP adopted by 2007
No policy 3.9 Ref Ref Ref
Moderately strong 3.9 1.05 (0.57–1.95) 0.94 (0.44–2.02) 1.38 (0.63–3.01)

Provincial SFP adoption 2007–2013
No adoption 4.0 Ref Ref Ref
Moderately strong policy 3.5 0.82 (0.72–0.92) 0.82 (0.72–0.93) 0.82 (0.72–0.93)
Strong policy 2.6 1.19 (0.96–1.47) 1.21 (0.98–1.50) 1.22 (0.99–1.51)

Individual characteristics
Age (12–17 years old) – 1.75 (1.72–1.77) 1.75 (1.72–1.77) 1.75 (1.72–1.77) 1.75 (1.72–1.77)

Gender
Girls 0.4 Ref Ref Ref Ref
Boys 7.6 26.7 (24.3–29.5) 26.7 (24.3–29.5) 26.7 (24.3–29.5) 26.7 (24.2–29.5)

District characteristics
Population density (per 1000 persons/km2) – 0.98 (0.95–1.01)
GDP per-capita (per 1000 USD) – 0.96 (0.94–0.99)

Tobacco Production
No production 3.8 Ref
Low 4.2 1.02 (0.89–1.18)
High 4.3 1.09 (0.94–1.27)

Type of residence
Rural 4.0 Ref
Urban 3.8 1.09 (0.94–1.27)

District variance (SD) 0.148 (0.385) 0.150 (0.387) 0.149 (0.386) 0.135 (0.367)
District intraclass correlation (%) 5.6 6.0 5.9 5.6
Province variance (SD) 0.047 (0.217) 0.060 (0.244) 0.059 (0.243) 0.059 (0.242)
Province intraclass correlation (%) 2.8 3.0 3.0 2.8
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implemented and enforced. This lack of detail may have led to a po-
tential overestimation and underestimation of the impact. Second, we
have not adjusted for provincial characteristics, as the number of pro-
vinces with smoke-free policies was limited. Third, adolescents com-
pleted the survey in a household setting, often in the presence of adult
family members. Smoking may therefore be underreported. This un-
derreporting may be substantial, given that we observed lower smoking
prevalence rates than in previous studies (World Health Organization,
2006, 2015). This underreporting may have biased our estimations of
the association with smoke-free policies, but only if the degree of un-
derreporting differed between districts/provinces that did and did not
adopt smoke-free policies.

4.3. Interpretation of the results

We found a substantial impact of the adoption of strong district
smoke-free policies on adolescent daily smoking and adoption of
moderately strong province-level SFP on adolescent non-daily smoking.
Although these negative associations are in line with studies from HICs
on national smoke-free policies (Katikireddi et al., 2016; Siegel et al.,
2008; White et al., 2011), our results included non-significant and po-
sitive associations as well. The results are therefore overall inconsistent.

We considered two main reasons for a lack of a consistent short-
term effect. First, the majority of district smoke-free policies in
Indonesia had been adopted one or two years before the RISKESDAS
survey was conducted in 2013 (Septiono et al., 2019). Therefore, we
could only measure short-term effects, while the impact of smoke-free
policies on youth smoking trajectories may take time to develop.
Longitudinal studies are needed to measure the effectiveness of the
smoke-free policies in longer-term. Second, the implementation of
smoke-free policies may be weak and there likely was low compliance
by smokers. Lower compliance may be driven by the positive social
norm towards smoking among the general public (Anderson et al.,
2016; Kaufman et al., 2015). In addition, studies showed that com-
pliance is low for many public policies in Indonesia (Kaufman et al.,
2015; Tandilittin and Luetge, 2013).

Both daily and non-daily smoking were more prevalent among boys.
In Indonesia and other Asian countries, there is a large male-female gap
in smoking prevalence, both among adults and adolescents. Indonesian
young males usually perceive smoking as a masculine behaviour that is
considered to be attractive for the opposite sex (Ng et al., 2007). In
contrast, female smoking is culturally less acceptable and often stig-
matised (Amos et al., 2011; Ng et al., 2007). Positive perceptions
among boys may need to be addressed in future tobacco control ac-
tivities. For example, tobacco control strategies may include a ban on
tobacco advertising, which currently still portrays smoking as a mas-
culine behaviour.

We found an inverse association between district GDP and adoles-
cent smoking. This reflects the widely reported socioeconomic gradient
in smoking, in which groups in more deprived areas (Kusumawardani
et al., 2018), and individuals with lower income (Allen et al., 2017;
Huisman et al., 2005) and lower educational attainment (Huisman
et al., 2005) are more likely to smoke. In Indonesia, those living in
districts with lower GDP may have less knowledge and understanding
of the risks of smoking due to lower education and illiteracy (Huisman
et al., 2005). Tobacco control policies may be particularly important in
these areas, but the adoption of policies is slower in poorer areas
(Septiono et al., 2019).

Daily smoking was more prevalent in districts with high tobacco
production than in those without or with low tobacco production.
Indonesia is the fifth biggest producer of tobacco in the world (Hurt
et al., 2012; Rosser, 2015). Despite partial bans on tobacco industry
sponsorship and advertising, the tobacco industry actively promotes
cigarettes to attract young people. For example, the tobacco industry
has been reported to sponsor events, provide scholarships to students,
establish sport clubs (e.g., badminton), and fund commodities such as

water supply and health care (Djarum, 2019; Hurt et al., 2012;
Tandilittin and Luetge, 2015; Thabrany and Sarnantio, 2012). These
activities portray a positive image and normalise tobacco and smoking
in society (Tandilittin and Luetge, 2015). Our results suggest that such
promoting of youth smoking may not only occur at the national level,
but also be influenced by presence of tobacco industry at the district
level.

Our sensitivity analysis suggested that there may be a differential
effect of smoke-free policies between different public places. This may
be due to the frequency with which adolescents visit these various
places. Also this secondary result needs further study, enforcing smoke-
free policy in public places that are regularly visited by adolescents may
increase the effectiveness of these policies among adolescents. A sen-
sitivity analysis showed stronger negative associations when comparing
current smokers only to ex-smokers (instead of never smokers). This
suggests that the adoption of SFPs may be more strongly associated
with smoking cessation than with smoking initiation among adolescents
in Indonesia. Further studies are needed to confirm this secondary
finding.

5. Conclusions

Even though we found some evidence for an effect of implementa-
tion of local smoke-free policies in Indonesian districts on adolescent
smoking, the evidence was inconsistent. The lack of consistent effect
may be due to the short time span of our evaluation and inadequate
implementation of and compliance to smoke-free policies. Further
studies are needed to determine how implementation and compliance
may be improved compared with practices used between 2007 and
2013, and to assess the longer-term impact of local smoke-free policies.
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