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Abstract

Background: The prevalence among adult men in Indonesia is among the highest in the world. Objective: Our
study examines the hotspots and regional variation in smoking prevalence among 514 districts in Indonesia.

Methods: Taking advantage of the latest national health survey (Basic Health Research, Riskesdas 2018), which
included smoking prevalence representative at the district level. We assessed the smoking prevalence among male
and female adults (15+ years) and youth (13-14 years). We conducted geospatial analyses, using ArcMap 10.6,
including quintile analysis (mapping the smoking prevalence by quintile for each district) and hotspot analysis
(using Getis-Ord Gi* statistics to produce the hotspots, areas with a significantly higher density of advertisements).
We also conducted quantitative analyses, using Stata 15.1, on geographic disparity, including region and
urbanicity.

Results: We found huge disparity in smoking prevalence between districts, ranging from 9 to 81% for men, 0 to 50%
for, 0 to 41% for women, and 0 to 50% for girls. We found up to 62 and 47 smoking hotspots among males and
females, respectively. The poorest districts had significantly higher smoking prevalence among men but lower
smoking prevalence among boys, and less educated districts had higher smoking prevalence among women.

Conclusion: There were significant hotspots and regional variations among 514 districts in Indonesia.
Keywords: hotspots, disparity, smoking, youth, adult, Indonesia
1. Introduction

Globally, cardiovascular diseases (CVDs) contributed to over 17 million deaths and 353 million disability-adjusted
life years (DALYs) worldwide in 2016 (Hay et al., 2017; Naghavi et al., 2017). The second most important risk
factor to CVDs, smoking, contributed up to 155 million DALY lost (Gakidou et al., 2017). In Indonesia, the burden
is particularly high and increasing (Kusuma et al., 2019). Smoking was among the top contributors to DALY in
2017, particularly among Indonesian men (Mboi et al., 2018). Among adults (15+ years), the smoking prevalence
is among the highest in the world (67% and 2.7% among males and females, respectively) (World Health
Organization, 2018). Among youth (13-14 years), the prevalence was 36.2% and 4.3% among boys and girls,
respectively, in 2014 (Kusumawardani et al., 2016).

However, there is a lack of national tobacco control efforts, which is partly because the government has not signed
and ratified the Framework Convention on Tobacco Control (Kusuma et al., 2019). To date, the national program is
limited to the flagship smoke-free policy that bans smoking, advertising, promotion, and sale in selected areas,
including health facilities, educational facilities, places of worship, workplaces, public transport, markets, and
parks. However, only two-thirds of districts adopted the policy during 2012-2018, with the compliance rates varied
from 17% in Jayapura city to 78% in Bogor city (Wahidin et al., 2019; Wahyuti et al., 2019).

To help achieve the Sustainable Development Goals on reducing premature deaths (and disability) from CVDs,
understanding geographic and socioeconomic disparities in the risk factors, including smoking is much needed
(Capewell & Graham, 2010; Di Cesare et al., 2013). There are many studies from high-income countries such as
the United States, Canada, Germany, France, Japan, and Korea (Agaku, Odani, Okuyemi, & Armour, 2019;
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Bricard, Jusot, Beck, Khlat, & Legleye, 2016; Chang, Kang, Lim, Cho, & Khang, 2019; Nagelhout et al., 2012;
Reid, Hammond, & Driezen, 2010; Tabuchi & Kondo, 2017; Verlato et al., 2014; Vdlzke et al., 2006). Also, there
are several studies from low and middle-income countries (LMICs), including multi-country studies (Bosdriesz,
Mehmedovic, Witvliet, & Kunst, 2014; Hosseinpoor, Parker, Tursan d’Espaignet, & Chatterji, 2012; Li & Guindon,
2013), as well as country-specific studies from Indonesia, China, Pakistan, India, Morocco, Malawi, Ghana,
Romania, Turkey, Argentina, and Brazil (Amalia, Cadogan, Prabandari, & Filippidis, 2019; Ayo-Yusuf, Olutola, &
Agaku, 2015; Barreto, De Figueiredo, & Giatti, 2013; Cai, Wang, Fan, Cui, & Golden, 2019; Chisha, Nwosu, &
Ataguba, 2019; Doku, Darteh, & Kumi-Kyereme, 2013; El Rhazi et al., 2008; Hassoy, Ergin, & Kunst, 2014;
Kaleta, Usidame, Dziankowska-Zaborszczyk, & Makowiec-Dabrowska, 2015; Macias, Malmusi, & Borrell, 2013;
Masud & Oyebode, 2018; Santero, Melendi, Hernandez-Vasquez, & Irazola, 2019; Thakur, 2013; Thakur et al.,
2015; Yaya, Bishwajit, Shah, & Ekholuenetale, 2017).

However, previous studies, especially from LMICs, are limited in at least two ways. First, while the multi-country
studies included up to 63 countries, they used older data (almost two decades), including the Global Youth Tobacco
Survey Data (GYTS, 2000-2007) and the World Health Survey (WHS, 2002-2004) (Bosdriesz et al., 2014;
Hosseinpoor et al., 2012; Li & Guindon, 2013). Second, previous studies focused on the relationship between
smoking and socioeconomic indicators at the individual level. Analyses on the relationship at the higher level (e.g.,
district government) and geographic disparity are lacking. Such evidence is essential to monitor the progress of
tobacco control efforts at the lowest policy level (e.g., in decentralized governments). This limitation is because
many data sources were representative only at the national or regional level, including WHS, GYTS, Global
Tobacco Adult Survey (GATS), and Demographic and Health Survey (DHS). Thus, our study aims to address this
gap by examining the geographic and socioeconomic disparities in youth and adult smoking at districts in
Indonesia.

2. Methods

This is a cross-sectional study employing geospatial and quantitative analyses among 514 districts in Indonesia.
Geospatial analyses provided evidence on geographic variations of smoking prevalence, while the quantitative
analyses provided the associations between socioeconomic indicators and smoking. The smoking data were from
the Basic Health Research (Riskesdas) 2018, a nationally representative health survey conducted by the Ministry
of Health. The sampling for smoking was representative at the district level. Detailed survey design and instrument
are available elsewhere (National Institute of Health Research and Development, 2018). Smoking was defined as
current smoking status of respondents among boys and girls aged 13-14 years and men and women aged 15 years
and above, per the definitions of GYTS and GATS. The socioeconomic data were from the World Bank.

The geospatial analyses, conducted in ArcMap 10.6, included quintile and hotspot analysis. In the quintile analysis,
we divided the smoking prevalence into fifths (lowest/highest quintile refers to 20% lowest/highest prevalence)
and mapped the districts. In the hotspot analysis, we used the Hot Spot Analysis tool using Getis-Ord Gi* statistics
to produce the hotspots, areas with a significantly higher density of advertisements (at a 95% significance level).
Cold/hot spots are areas with significant spatial clustering of districts with higher/lower prevalence (at 95% level).
Because the prevalence data are polygons of districts, we used the Contiguity Edges Only method, which analyzed
only neighboring polygon features that share a boundary or overlap will influence computations for the target
polygon feature.

We also conducted quantitative analyses on geographic disparity, including region and urbanicity. The National
Planning Agency (Bappenas) divides the 34 provinces into seven regions, including Sumatera, Java, Kalimantan,
Sulawesi, Nusa Tenggara, Maluku, and Papua. The last three regions are in the most eastern part and the least
developed in the country. Moreover, we conducted quantitative analyses on socioeconomic disparity, including
income and education indicators by urban and rural. We defined cities as urban and regents as rural; we used
district-level poverty rate for income with the lowest rate as quintile 5; we used the net enrollment ratio of senior
secondary for education with the highest ratio as quintile 5. We performed quantitative analyses in STATA 15.1.

3. Results

Table 1 shows district characteristics and smoking prevalence among youth and adults by district. In panel (a),
there are 97 urban cities and 417 rural regents. By income, 79% of urban areas are richer (4™ and 5™ quintiles),
while almost half (48%) of rural areas are poorer (1% and 2™ quintiles). Similarly, by education, 71% of the urban
areas are most educated, while 47% of rural areas are least educated. In panel (b), the national prevalence of adult
and youth smoking were 31.9% and 5.4%, respectively, with a huge difference by sex. The prevalence among adult
men and women was 61.4% and 2.3%, while that among youth boys and girls were 10.2% and 0.2%, respectively.
Also, the prevalence is generally higher in rural, but only the differences in prevalence among adults and men are
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statistically significant.

Table 1. Characteristics of districts and smoking prevalence by areas in Indonesia, 2018

All Urban Rural Difference

n % n % n % %

(1 121 31 [4] (51 [6] [71=[4-6]
(a) Characteristics (#)

Sample size district 514 100% 97 100% 417 100% 0%

Region
Papua 42 8% 2 2% 40 10% -8%
Maluku 21 4% 4 4% 17 4% 0%

Nusa Tenggara 32 6% 3 3% 29 7% -4%

Java 128 25% 35 36% 93 22% 14%

Sumatera 154 30% 33 34% 121 29% 5%

Kalimantan 56 11% 9 9% 47 11% -2%

Sulawesi 81 16% 11 11% 70 17% -5%
514 97 417

Income/poverty
Q1 poor 102 20% 3 3% 99 24% 21%
Q2 103 20% 5 5% 98 24% -18%

Q3 103 20% 13 13% 90 22% -8%

Q4 103 20% 22 23% 81 19% 3%

Q5 rich 103 20% 54 56% 49 12% 44%
514 97 417

Education
Q1 least 103 20% 0 0% 103 25% -25%
Q2 103 20% 11 11% 92 22% -11%

Q3 103 20% 17 18% 86 21% -3%
Q4 103 20% 29 30% 74 18% 12%
Q5 most 102 20% 40 41% 62 15% 26%
514 97 417
(b) Smoking prevalence (%)

Adult n/a 31.9% n/a  29.8% n/a 32.4% -2.5% *
Men n/a 61.4% n/a  58.0% n/a 62.2% -4.2% *
Women n/a 2.3% na  2.1% n/a 2.3% -0.2%

Youth n/a 5.4% n/a  53% n/a 5.4% -0.1%
Boys n/a 10.2% n/a  10.2% n/a 10.2% 0.0%
Girls n/a 0.2% n/a  02% n/a 0.2% 0.0%

Note. Q=Quintile, Urban=City, Rural=Regent. In panel (a), %=proportion of column total; in panel (b), %=mean smoking
prevalence. The median smoking prevalence for adult, youth, men, and boys are similar to the mean, but the median for
women (1.5%) and girls (0.0%) are different (indicating skewness). Data on district characteristics are from the World Bank
and that on smoking prevalence are from Basic Health Survey 2018. Income quintile used district-level poverty rate (e.g.
Q1=20% of districts with highest poverty rate). Bold numbers with asterisk (*) show statistically significance (at 5% level)
between urban and rural smoking prevalence. Adult = 15+ years and youth = 13-14 years (per GATS and GYTS definitions,
respectively).
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Table 2. Characteristics of districts with the lowest/highest quintile and cold/hot spots of smoking prevalence

Lowest/Highest Quintile of Smoking Prevalence Cold and Hot Spots of Smoking Prevalence
Men Boys Women Girls Men Boys Women Girls
Ql Q5 Ql Q5 Ql Q5 Ql Q5 Cold  Hot Cold  Hot Cold Hot Cold Hot
(1] (2] (4] (5] (71 (8] (1o}  [11] [12]  [13] (141 [15] (161 [17] (18] [19]
N 103 102 125 96 103 100 369 15 54 62 33 36 - 47 - 6
Region
Papua 20 3 31 5 9 21 40 2 23 1 22 1 - 18 - 6
Maluku 1 8 9 1 5 4 21 0 0 0 0 0 - 1 - 0
Nusa Tenggara 3 12 6 5 15 1 32 0 0 4 0 0 - 0 - 0
Java 24 26 8 46 33 20 103 10 11 18 0 29 - 10 - 0
Sumatera 17 42 35 23 25 19 90 1 7 30 10 6 - 0 - 0
Kalimantan 22 0 20 4 2 18 33 0 13 0 1 0 - 12 - 0
Sulawesi 16 11 16 12 14 17 50 2 0 9 0 0 - 6 - 0
Income
Poorest quintile 22 28 46 14 41 24 81 2 25 13 24 5 - 14 - 5
Q2 13 26 23 21 29 16 69 1 5 19 4 6 - 5 - 1
Q3 8 24 22 21 14 18 81 1 4 14 5 13 - 12 - 0
Q4 24 21 15 25 10 26 78 6 6 14 0 10 - 8 - 0
Richest quintile 36 3 19 15 9 16 60 5 14 2 0 2 - 8 - 0

Note. Q=Quintile; - =not applicable. Columns 1-11 show results for lowest and highest quintile; columns 12-19 show cold spots and hot spots of smoking
prevalence. Income quintile used district-level poverty rate (Q1=20% of districts with highest rate).
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Note: The horizontal line is districts. The prevalence was sorted from the lowest to highest. The lowest (highest) values for men are 9.3%
(81%), for bays 0% (50%), for women 0% (41.3%), and for girls 0% (50%). There are 125, 67, and 499 districts with zero prevalence among
boys, women, and girls (including 130 missing values for girls). Adult = 15+ years and youth = 13-15 years.

Figure 1. The prevalence of adult and youth smoking by districts in Indonesia, 2018
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Note: Red/blue bars show districts (province) with the top/bottom ten in smoking prevalence. There are 123, 67, and 499 districts with zero prevalence among boys, women, and girls
fincluding 130 missing values for girls); so, the districts shown are the first ten in alphabetical order. Adult = 15+ vears and yourh = 13-15 years.

Figure 2. Top and bottom 10 of smoking prevalence by districts in Indonesia, 2018

Figure 1 shows the smoking prevalence by districts sorted from the lowest to highest for men (red line), boys

(gray), women (orange), and girls (blue). Results show a huge disparity in the prevalence by district with the

lowest (highest) values for men 9.3% (81%), for boys 0% (50%), for women 0% (41.3%), and for girls 0% (50%).

While all districts have higher prevalence for men, many districts with zero prevalence including 125 districts for

boys, 67 for women, and 499 for girls. To better understand the extreme ends, Figure 2 shows the top ten and
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bottom ten districts. The red and blue bars show ten districts (province) with the highest and lowest prevalence.
There are only four districts (1%) with a prevalence for men less than 30% (about the average smoking prevalence
among adult men in lower-middle-income countries) [38], leaving 510 districts (99%) with higher prevalence. It is
notable that up to five districts in Papua had the highest smoking prevalence for men, boys, women, and girls.
Results also show five districts in Central Java and East Java provinces (which host the most powerful tobacco
manufacturers in the country) that had the highest prevalence among boys.

Men

I 9.3 - 55.1
[ 155.2-80.0
[ 160.1-64.4
[ ]64.5-688
I 68.9-81.0

; 88-12.1
1 122-16.7

Note: Numbers show smoking prevalence among adult men/women (15+ years) and youth boys/girls (13-15 years).
Red and blue show districts with highest (quintile 5) and lowest prevalence (quintile I).

Figure 3. Disparity of smoking prevalence by district and sex in Indonesia, 2018
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To observe the overall district-level geographic disparity, Figure 3 maps the districts by the prevalence quintile and
highlights those with the highest (quintile 5, red color) and lowest (quintile 1, blue color). For accuracy, we
coupled the results with Table 2 that shows the characteristics of districts in each highlighted quintile (columns
1-11). Results show different geographic patterning in the prevalence among men, boys, women, and girls. For
men, out of a total of 103 “blue districts” (Q1) and 102 “red districts” (QS5), there are red districts in all regions
except for Kalimantan, which has 21 blue districts. For boys, out of 125 blue and 96 red districts, there are red
districts in many parts of Java (46 districts) and Sumatera (23 districts). For women, out of 103 blue and 100 red
districts, there are noticeable “red districts” in all regions except for Maluku and Nusa Tenggara. For girls, out of
15 red districts, ten are in Java, and two in Papua and Sulawesi.

So far, the results have not taken into account spatial clustering. Figure 4 maps the districts by hot spots (red color)
and cold spots (blue color) of smoking prevalence. For accuracy, we coupled with Table 2 that shows the
characteristics of hot/cold spot districts (columns 12-19). For men, out of 54 “cold districts” (cold spots) and 62
“hot districts” (hot spots), there are 13 and 23 cold districts in Kalimantan and Papua, respectively, while 18 and 30
hot districts in Java and Sumatera. For boys, out of 33 cold and 36 hot districts, there are 20 cold districts in Papua
and 29 hot districts in Java. For women, out of 47 hot districts, there are 10, 12, and 18 hot districts in Java,
Kalimantan, and Papua. For girls, out of 6 hot districts, all are in Papua.

Table 3. Regional and socioeconomic disparity in smoking prevalence

All districts Urban Rural

Men Boys Women Girls Men Boys Women Girls Men Boys Women Girls

(1] (2] (3] (4] (3] (6] (7] (8] [9] (to]  [11] [12]

Region
(a) Papua 533% 4.7% 53% 1.4% 489% 33% 17%  0.0% 53.6% 4.7% 5.5% 1.4%
Maluku 66.7% 7.1% 22%  0.0% 61.4% 12.7% 2.6%  0.0% 67.9% 5.8% 22%  0.0%

Nusa
Tenggara  65.7% 9.8% 0.8% 0.0% 60.8% 12.6% 0.6% 0.0% 66.2% 9.5% 0.8% 0.0%

Sulawesi  61.6% 10.0% 2.2%  0.2% 56.6% 10.8% 3.1%  0.2% 62.4% 99% 21%  02%
Kalimantan 56.3% 8.4% 3.1%  0.0% 49.9% 49% 13%  0.0% 57.5% 9.1% 3.4%  0.0%
Sumatera  63.6% 9.9% 1.8%  0.0% 60.0% 9.6% 1.7%  0.0% 64.6% 10.0% 1.9%  0.0%

Java 61.6% 13.9% 1.8%  0.2% 58.4% 11.9% 24%  0.5% 62.7% 14.7% 1.6%  0.1%
(b) Papua (ref) (ref) (ref)
Maluku 13.3* 24 -3.1*  -14 12.5% 9.3 1 0 14.3* 1 -33%  -14
Nusa
Tenggara  12.4* 5.1* -4.5%  -1.4*% 11.9* 9.2 -1.1 0 12.7*  4.8% -4.7*  -14%
Sulawesi ~ 8.2%  9.3*  -3.5%  -1.2% 9.5* 85 0.7 0.5 9.2*  10.0% -3.9*  -1.4*
Kalimantan 10.3* 53*  -3.5%  -1.4*% 11.1* 6.3 0.1 0 11.0*  53* 3.6 -14%
Sumatera 2.9 3.7 22% -1.4* 1.1 1.6 -0.3 0 3.9% 43* -2.1* -1.4*
Java 83* 53* 3.1*  -1.2% 7.7 7.4 1.5 0.2 89* 51* -34*  -1.3%
Income
(¢) QI poor 60.6% 8.0% 2.8%  0.7% 54.2% 10.0% 0.9%  0.0% 60.8% 8.0% 2.8%  0.7%
Q2 63.6% 10.1% 1.6%  0.0% 60.7% 9.7% 2.9%  0.0% 63.7% 10.1% 1.6%  0.0%
Q3 63.4% 10.6% 2.2%  0.0% 571% 6.8% 13%  0.0% 643% 11.1% 23%  0.0%
Q4 61.4% 11.6% 2.6%  0.1% 57.9% 11.5% 2.0%  0.0% 62.4% 11.6% 2.8%  02%

QS5 rich 58.0% 10.7% 2.1%  0.2% 582% 10.5% 23%  0.4% 57.8% 10.8% 1.9%  0.0%
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(d) QI poor (ref) (ref) (ref)
Q2 3.0 2.1 -1.1* -0.7 6.5 03 2 0 29* 22 -1.2* -0.7
Q3 2.8 2.6 -0.6 -0.7 29 32 04 0 3.5% 32 -05 -0.7
Q4 0.8 3.6 -02 -0.5 3.6 1.5 1.1 0 1.6 3.7% 0.1 -0.5
Q5 rich -2.6% 2.6* -0.6 -0.5 39 0.5 1.4 0.4 -3 2.8 -0.9 -0.7

Education

(e) QI least 61.6% 102% 3.7%  0.8% n/a n/a n/a n/a 61.6% 102% 3.7%  0.8%
Q2 61.8% 10.8% 2.1%  0.1% 55.4% 10.5% 19%  0.4% 62.6% 10.8% 2.1%  0.0%
Q3 62.4% 9.8% 19%  0.0% 56.5% 8.6% 2.0%  0.1% 63.5% 10.0% 1.9%  0.0%
Q4 60.6% 10.5% 1.9%  0.1% 585% 11.2% 23%  0.5% 61.5% 102% 1.8%  0.0%
QS5 most 60.6% 9.8% 1.7%  0.0% 58.9% 10.0% 2.0%  0.1% 61.7% 9.6% 1.5%  0.0%

) QI least (ref) (ref) (ref)
Q2 0.2 0.6 -1.6*  -0.7 0 0 0 0 1 0.6 -1.5%  -0.7
Q3 0.8 -04  -1.7* 0.8 1.1 -1.9 0 -0.3 1.9 -02 -1.7* -0.8
Q4 -1 0.3 -1.7%  -0.6 3.1 0.7 0.4 0.1 -0.1 0 -1.9*  -0.8
QS5 most -1 -04  -2.0*  -0.7 3.6 -0.5 0.1 -0.3 0.1 -0.6  -22* 0.8
N 514 514 514 384 97 97 97 71 417 417 417 313

Note. Q=Quintile. Panels a, c, e = prevalence; panels b, d, f = differences in prevalence. Bold and * = statistical significance
using OLS regression (5% level). Income quintile used district-level poverty rate (Q1=20% of districts with highest rate).

Using quantitative analyses, Table 3 provides regional and socioeconomic disparities in smoking by district.
Panels a, ¢, and e show the prevalence level by region, income, and education; panels b, d, and f show the
prevalence differences compared to the reference districts (i.e., Papua, the poorest income quintile, and the least
educated quintile). Compared to that in Papua, districts in all other regions had significantly higher smoking
prevalence among men and boys, but they had a lower prevalence among women and girls. This patterning was
particularly true in rural districts. Compared to that in the poorest income quintile, districts in the richest quintile
had significantly lower smoking prevalence among men but had higher prevalence among boys. Compared to
districts in the least educated quintile, districts in the most educated quintile had generally lower smoking
prevalence among all groups but only among women that show significance.
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=4
Note: Red/blue districts show hot/cold spots that have significantly (95% level) higher/lower smoking prevalence.
Hot Spot Analysis was in ArcMap 10.6. Adult men/women are 15+ years and yvouth boys/girls are 13-15 years.

Figure 4. Hot spots and cold spots of smoking prevalence by districts and sex in Indonesia, 2018

4. Discussion and Conclusion

In Indonesia, we found a very high smoking prevalence among adult men (61.4%) with a huge range of almost nine
times (from 9.3% to 81%). Unfortunately, except for the four outlier districts with a prevalence of less than 30%,
all 510 districts had higher prevalence. Similarly, we found a relatively high prevalence among boys (10.2%) with
a huge range from zero (in 125 districts) to 50% prevalence. Among females, while we found relatively lower
overall prevalence among women and girls, there are many districts with relatively high prevalence. Ten districts
had a prevalence among women at 10% or more and five districts with the prevalence among girls at 5% or more.
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For policy, this evidence supports the need for more tobacco control efforts among men in all districts, boys in a
majority of districts, and women and girls in selected districts.

We also found a significant geographic disparity in the prevalence of smoking. For men and boys, districts in all
other regions had higher prevalence than districts in the Papua region (the most disadvantaged region in the
country). These associations still hold even after controlling for income and education indicators. Moreover, 29%
and 48% of hot spot districts were in the Sumatera and Java regions (among the most developed regions). While
the fact that the two regions have the largest number of districts may partly explain this, the evidence is still
supportive of the need for more tobacco control efforts in those areas. A recent study on the smoke-free policy
showed that only 69% of districts in Java and Sumatera adopted during 2012-2018, compared to 75% and 83% in
Kalimantan and Sulawesi (Wahidin et al., 2019). Also, there is a potential to learn from other regions such as
Kalimantan and Papua with more cold spot districts.

In contrast, districts in Papua had a higher prevalence of smoking among women and girls than districts in all other
regions. In the top ten districts with the highest prevalence among women and girls, five and two districts were
from Papua. Moreover, 38% and 100% of hot spot districts for women and girls were in the Papua. The very low
prevalence of current smokers among females may be due to under-reporting in areas where smoking is considered
an unacceptable practice among females for cultural or religious reasons, similar to the evidence from South Korea
and Iran (Jung-Choi, Khang, & Cho, 2012; Sarraf-Zadegan, 2004). For policy, more efforts should be made,
especially in the many districts with relatively high prevalence. A recent study showed a very low compliance rate
(17%) to the smoke-free policy among selected facilities in Jayapura city (Wahyuti et al., 2019). Also, there is a
potential to learn from other regions that have relatively lower prevalence.

Moreover, in terms of socioeconomic disparities, we found significant income disparities in smoking by district
among men and boys. Districts in the poorest quintile had a higher smoking prevalence among men, but, in
contrast, districts in the richest quintile had higher prevalence among boys. For policy, this might be due to more
exposure to tobacco advertising and retailers including in the new media. Studies have shown high visibility of
outdoor tobacco advertising around educational facilities in Surabaya city (East Java) and Semarang city (Central
Java) (Megatsari, Ridlo, Amir, & Kusuma, 2019; Nurjanah et al., 2020). Another study has also shown a higher
density of cigarette retailers around formal and informal educational facilities in Depok city (West Java)
(Adisasmito et al., 2020). Moreover, we also found significant educational disparities in smoking only among
women with districts in the most educated quintile had lower smoking prevalence. However, these results are only
statistically significant in rural districts. While this may be due to the lower sample of urban cities (97 urban cities,
417 rural regents), this may also indicate less variations in the cities in terms of smoking, income indicator, and
educational indicator.

To our knowledge, this is the first study to examine geographic and socioeconomic disparities at the district level
(the second level below national). It was possible because the data sampling was representative not only at the
national level but also at the district level. Also, this is highly relevant for national planning as well as local
policymaking, especially in decentralized settings. Our study has at least two limitations. First, because the
analysis was broken down by youth/adult and then further by male/female, there were 130 districts with missing
values for girls (13-14 years). Second, given the ecologic study design, the results should not be interpreted at the
individual level. Despite these limitations, our findings have important policy implications for Indonesia and
beyond.
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