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Natalie joined BMC after having completed an MSc in
Environmental Health at the Cyprus International Institute, in
Association with the Harvard School of Public Health, USA where
she completed courses including global climate change,
environmental epidemiology, sustainable development and
exposure assessment.  Prior to this, she gained her BSc in
Environmental Science at the University of Indianapolis, USA.

Natalie has been Editor of BMC Public Health since 2007, also having worked on
several biology and medical journals since this time. She has a keen interest in the use
of research evidence to underpin public health policy and to advance the Sustainable
Development Agenda. She is an Editor of the BMC Series blog and an ambassador of
the Sustainable Development Goals for the BMC Series journals.
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Superiore Sant’Anna, Pisa, Italy). After her PhD she worked in
research institutes, universities and life science companies in Italy
and in the UK, including the Italian National Cancer Institute
"Regina Elena" in Rome, "Sapienza" Università di Roma, Rome,
Italy, and the University of Cambridge, Cambridge, UK. Her
research focused on cardiovascular regeneration, role of
microRNAs and circRNAs in cancer, assessment of new cancer
drug in vitro and in vivo, and development of new technologies.

Before joining BMC Public Health in September 2022, Lorena was an Associate Editor
at PLOS ONE in the Public Health and Medicine Team.
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Chris I. Ardern

Chris I. Ardern is an Associate Dean of Research and Innovation in
the Faculty of Health at York University (Toronto, Canada) and
Associate Professor in the School of Kinesiology and Health
Science. Chris’ primary interest is in the epidemiology of obesity
and 24-hour movement behaviors (sleep, sedentary time, and
physical activity) in relation to cardiometabolic risk, microvascular
dysfunction, and dementia. Most recently, his work has focused

on the health risks associated with weight stigma, and the use of risk algorithms and
behavioral profiling for the identification of high-risk subgroups of the population.
This work incorporates both social and physical determinants, drawing on large scale
open data infrastructure, national surveys, and administrative healthcare data to
conduct time-to-event and geospatial analyses, to move knowledge into action with
collaborating healthcare groups. He holds a Research Scientist position at Southlake
Regional Health Centre, is member of the York University Centre for Aging Research
and Education (YU-CARE), and is active in obesity organizations at the local to national
level. Professor Ardern joined the Editorial Board of BMC Public Health in 2017, and
has been a Senior Editor since 2019.
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examinations of mental health. Her work appears in the booklets
Life gets under your skin and Never too early, never too late
published by her research group, the International Centre for

Lifecourse Studies in Society and Health (ICLS). She currently works on her ESRC
funded project, UK-Japan Social relationships and well-being across ageing nations 
(UK-Japan SWAN) to establish early career researchers' networks between the UK and
Japan. Dr. Cable joined the Editorial Board of BMC Public Health as Section Editor in
2019.
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Jennifer Emond

Jennifer is Associate Professor in the Departments of Biomedical
Data Science and Pediatrics at the Geisel School of Medicine at
Dartmouth College and co-Director of the Media & Health
Behaviors Laboratory at Dartmouth College. Jennifer’s research
focuses on the development of health behaviors during early
childhood including dietary behaviors, physical activity and sleep.

Jennifer’s research also examines the role of child-directed food marketing on shaping
children’s dietary behaviors. She is actively involved in teaching in the Quantitative
Biomedical Sciences graduate program at Dartmouth College and greatly enjoys
mentoring others within statistical methodology.

Youcheng Liu

Youcheng is currently an Associate Professor at Wayne State University School of
Medicine. He trained in medicine and public health with specialties in industrial
hygiene, environmental health, occupational health and epidemiology. His research
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focuses on assessing occupational and environmental exposures
to chemical hazards and biological agents, evaluating the
resultant health outcomes (asthma, COPD, cardiovascular
diseases and diabetes) and identifying effective and feasible
measures and strategies to reduce exposures and prevent
diseases. Current research projects include dermal exposure to
nicotine in migrant tobacco farm workers in Kentucky and the

development of a barrier cream and other intervention methods to reduce exposure
and green tobacco sickness, isocyanate exposure in neonates and the identification of
user barriers of Powered Air-Purifying Respirators (PAPRs) in health care workers. He
joined the Editorial Board of BMC Public Health in 2010.

Carol Maher

Carol is a Research Professor and Deputy Director of the Alliance
for Research in Exercise, Nutrition and Activity (ARENA) at the
University of South Australia.  Her research focuses on the links
between lifestyle behaviors (particularly physical activity,
sedentary behavior and sleep) and health and obesity in children
and adults. She is particularly interested in technology-based
approaches for measuring and improving health behaviors,

including wearables, smart devices, apps and online social media. Professor Maher
joined the Editorial Board of BMC Public Health in May of 2014.
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Monica Malta

Dr. Monica Malta is a researcher at the Centre for Addiction and
Mental Health (CAMH) and a professor at the University of
Toronto. She has been engaged in global health research
focusing on social and structural factors influencing health
inequalities and the impact of gender-based violence among
female-identified persons from Latin America. Her work
contributed to change local legislations and informed several
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interventions protecting the rights of people living with HIV, survivors of gender-
based violence and the LGBTQ2S community.

Isabelle Niedhammer

Isabelle is a Research Director at the French National Institute for
Health and Medical Research (INSERM, France). She is currently
working at the Research Institute for Environmental and
Occupational Health (IRSET-INSERM U1085). Her background is
in occupational health epidemiology. Her research topics are
related to occupational and social epidemiology and she is
particularly interested in job stress, psychosocial work exposures

and workplace violence, and their impact on health, as well as in the contribution of
these occupational exposures to social inequalities in health. She is the author of more
than 100 publications in international peer-reviewed journals and participated in the
writing of 8 books. She joined the Editorial Board of BMC Public Health in 2011.
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Patrick Palmieri

Dr. Patrick Palmieri is a global health expert and research
methodologist with more than 20 years work experience in
academia and industry. Dr. Palmieri leads two research centers
based in South America including the EBHC South America: A JBI
Affiliated Group and the South American Center for Qualitative
Research. He is a full professor and senior research scientist at the

Universidad Norbert Wiener (Peru), where he previously served as Vice Chancellor for
Research and Dean of the School of Nursing. In addition, Dr. Palmieri is an adjunct
professor in doctoral programs at A.T. Still University and Texas Woman's University.
Previously in Peru, he co-led a $300+ million project resulting in the largest private
vertically integrated health delivery system and led the first successful international
hospital accreditation. His research interests include generating evidence to guide
clinical practice through scoping and systematic reviews, applied psychometrics for
cross-cultural research, quality improvement projects, and qualitative inquiry. Dr.
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Palmieri is certified as a senior researcher by the Peruvian National Committee for
Science, Technology, and Innovation, and he is a fellow of the American Academy of
Nurses and the Royal College of Surgeons in Ireland.

Louisa Peralta

Louisa is a Senior Lecturer in the Sydney School of Education and
Social Work at the University of Sydney, Australia.  With a
background in health and physical education, her research
focuses on the design, implementation, and evaluation of school-
and community-based health promoting programs (particularly
focusing on physical activity) in children, adolescents and
postpartum women. She is particularly interested in the

implementation processes, including technology platforms, and the impact of these
interventions on a range of health knowledge, capabilities, and behaviours. Dr Peralta
joined the Editorial Board of BMC Public Health in 2018.

Back to top

David Rehkopf

David is an Assistant Professor of Medicine at Stanford University,
in the Division of Primary Care and Population Health, with an
appointment in Health Research and Policy, and affiliations with
the Stanford Center on Poverty and Inequality and the Stanford
Center for Population Health. He received his Masters in Public
Health in Epidemiology and Biostatistics from the University of
California, Berkeley, and his doctorate at the Harvard School of

Public Health in the Department of Health and Social Behavior. He was a Robert Wood
Johnson Health and Society Scholar at the University of California, Berkeley and the
University of California, San Francisco. His research focus is on understanding the
health effects of income and work policy on health, as well as understanding the
biological pathways through which the social and economic environment impacts
disease and death. He joined the Editorial Board of BMC Public Health in 2016.
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Akira Shibanuma

Akira is a Lecturer at the Department of Community and Global
Health, Graduate School of Medicine, the University of Tokyo. As
a social scientist, he has been involved in community health
research studies in low- and middle-income countries and Japan.
His research mainly focuses on health and healthcare service-
seeking behaviors, social determinants of health, and inequity in
health in the field of reproductive, maternal, newborn, child, and

adolescent health as well as migration and health. He currently works on research
projects regarding discrimination and wellbeing and the quality of healthcare service
provisions. He joined the Editorial Board of BMC Public Health in 2020.
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Henri Tilga

Henri is a Research Fellow of Sports Sciences in the Institute of
Sport Sciences and Physiotherapy, University of Tartu. The
theoretical background of his work is based mainly on the self-
determination theory. More specifically, he works on the topic of
teachers’ multidimensional autonomy-supportive and controlling
behaviours, students’ psychological need satisfaction and
frustration, and students’ autonomous and controlled forms of

motivation in the context of physical education. He has also developed and tested the
effectiveness of several intervention programs with the aim to improve psychological
need satisfaction and autonomous forms of motivation among students in the context
of physical education. He joined the Editorial Board of BMC Public Health in 2021.
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Shankar is an Assistant Professor of Biostatistics at the Albert Einstein College of
Medicine, in the Department of Epidemiology and Population Health. He received his
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Association between percentage 
of smokers and prevalence of smoking 
attributable morbidity in Indonesia: one decade 
after implementation of smoke‑free area 
regulation
Santi Martini1*   , Kurnia Dwi Artanti1   , Arief Hargono1   , Sri Widati1   , Abdillah Ahsan2    and 
Yayi Suryo Prabandari3    

Abstract 

Background:  For more than ten years, Indonesia has health law, one of which states that local governments are 
mandated to establish Smoke Free Area (SFA). The results of 2018 National Basic Health Research shows tobacco con-
sumption is still quite high and increasing compared to the results of 2007 and 2013 National Basic Health Research. 
The burden of disease in Indonesia is increasing every year. 

Methods:  This study aims to describe SFA regulation and analyze the relationship between the percentage of smok-
ers and the prevalence of smoking attributable morbidity. Data from the 2018 Basic Health Research in Indonesia with 
the number of units of analysis were 514 districts and cities level. The design of the study was cross-sectional study. 
The variables analyzed were the percentage of smokers, the prevalence of diabetes, hypertension, upper respiratory 
tract infections (URTI), pneumonia, lung tuberculosis, asthma, and mental emotional disorders. Geographical mapping 
of the distribution of District/City with Smoking-Free Areas was made using QGIS 3·16. 

Results:  Around 72% of districts/cities in Indonesia already had local regulations of SFA after more than ten years 
implementation of the regulation of the health law. There was a significant relationship between the high percent-
age of smokers and the high prevalence of diabetes (p value: 0·000, PR: 1·342, 95%CI 1·135 to 1·587), hypertension (p 
value: 0·000, PR 1·631, 95%CI 1·252 to 2·124), and lung tuberculosis (p value: 0·008, PR 1·219, 95%CI 1·049 to 1·417) at 
the District/City level. However, there was no significant association between URTI, pneumonia, asthma, and mental 
emotional disorders.

Conclusion:  The percentage of smokers in an area was associated with diabetes, hypertension, and lung tuberculo-
sis. The implementation of Smoke Free Area should be evaluated.

Keywords:  Smoking, Public health, Hypertension, Diabetes mellitus, Tuberculosis, Mental health
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Introduction
The proportion of the population aged 15 years who 
smoked and chewed tobacco in 2007 to 2013 in Indone-
sia tended to increase based on the 2007 National Basic 
Health Research by 34·2% and the 2010 National Basic 
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Health Research by 34·7% [1, 2]. While at National Basic 
Health Research 2013, the proportion of active smok-
ers every day at the age of ten years and over was 33·4% 
which then decreased in 2018 to 24·3%. Nevertheless, 
conditions in Indonesia at this time indicate that tobacco 
consumption is still quite high. There are 60·8  million 
adult men and 3·7  million adult women who are smok-
ers. The 2018 Basic Health Research showed that 62·9% 
of men and 4·8% of women aged 15 years and over were 
tobacco users [3]. In addition, the data also show an 
increasing trend of tobacco use among children and ado-
lescents. The prevalence of smoking in the 10–19 years 
age group has increased from 7·2% in 2013 to 9·1% in 
2018 or almost 20% higher than the prevalence in the 
previous five years.

Trends in the number of non-communicable diseases 
cause changes in the burden of disease in Indonesia. 
Cases of catastrophic disease or diseases that require 
special expertise and therapy in handling, using sophis-
ticated medical devices and/or requiring lifelong health 
services continue to increase [4]. It can be noticed from 
the absorption of health fund claims from the treatment 
of catastrophic diseases which is high in Indonesia. Each 
year, about 17–19% of the total cost of health care is for 
catastrophic diseases. The results of the National Health 
Insurance of Indonesia (BPJS Kesehatan) report on the 
use of catastrophic disease funds show that the total cost 
reached IDR 55·41 trillion or 18·58% of the total cost 
of health services in 2018 to 2020 [5]. The catastrophic 
disease with the highest cases and costs was heart dis-
ease with 13.041.463 cases and a cost of 10·2 trillion, in 
the second rank was cancer with 2.452.749 cases and 
cost of 3·5 trillion, and stroke in the third position with 
2.127.609 cases and a cost of 2·5 trillion [6]. Many risk 
factors related to catastrophic disease, but the main cause 
is unhealthy lifestyle. Most of these catastrophic dis-
eases are included in the list of diseases related to smok-
ing called Smoking-Attributable Morbidity (SAM). The 
Centers for Disease Control and Prevention (CDC) regu-
larly publish estimates of smoking-related mortality and 
the economic costs but the burden of smoking-related 
disease in the population has been less studied [7]. Esti-
mates of smoking-attributable morbidity in the United 
States in 2000 found that 8·6 million people had 12·7 mil-
lion smoking-attributable morbidity [8]. Diseases that are 
mostly the cause are chronic bronchitis and emphysema 
or are often classified as chronic obstructive lung disease 
(COPD).

The health and economic impacts of tobacco consump-
tion outweigh the overall contribution of the tobacco 
business. Data from the Indonesian Ministry of Health 
estimates that the total direct and indirect costs of smok-
ing reached almost IDR 440 trillion (USD 34  billion) in 

2015. Then, if added to the impact of exposure to sec-
ondhand smoke and the lost opportunity cost of spend-
ing on tobacco i.e. spending that can be used to buy other 
commodities such as essential food, is much higher com-
pare to the overall of the tobacco business. In addition, 
tobacco use also has a significant impact on public health 
because it can lead to the emergence of various chronic 
diseases in the productive age, which in turn causes high 
morbidity and premature mortality. Based on data from 
the World Health Organization [9], tobacco use in Indo-
nesia is estimated to be the biggest cause of death for 
smokers, with around 225.700 people dying prematurely 
or about 15% of all deaths.

Indonesia has several rules controlling tobacco such 
as Tobacco Advertising, Promotion, and Sponsorship 
(TAPS) ban and pictorial health warnings on the tobacco 
packaging and labeling. Another effort of the Indonesian 
government in preventing and overcoming the adverse 
effects of cigarette smoke is the application of Smoke 
Free Area (SFA) in accordance with Law Number 36 of 
2009 concerning Health which requires Local Govern-
ments to establish a Smoke Free Area. SFA is a room or 
area that is prohibited for production, sales, advertising, 
promotion or smoking. Smoke Free Area here in after 
abbreviated as SFA, is a room or area that is declared 
prohibited for smoking or producing, selling, advertis-
ing, and/or promoting tobacco products. Based on these 
regulations, the non-smoking areas include health ser-
vice facilities; place of teaching and learning process; 
where children play; worship place; public transporta-
tion; workplace; and public places and other designated 
places. The SFA designated as an effort to protect the 
community against the risk of health problems resulted 
of the polluted environment by cigarette smoke. The 
regional governments in Indonesia are obliged to estab-
lish a smoke-free area in each of its territory. As a policy 
concession, specifically for workplaces, public places, and 
other places, it may provide a certain place for smoking, 
which is commonly called a smoking room. Any person 
who intentionally violates the SFA as referred to the law, 
shall be subject to a maximum fine of Rp. 50,000,000.00 
(fifty million rupiah). Tobacco control regulations in vari-
ous countries have succeeded in protecting non-smokers, 
increasing smoking cessation, and reducing cigarette 
consumption [10]. Since this law was passed in 2009, var-
ious regions in Indonesia have begun to make regulations 
regarding SFA in their respective regions, but until now 
this rule has not been 100% implemented in all regions. 
In 2012 out of 497 regencies/cities in Indonesia, only 22 
regencies/cities had local regulations on SFA, and then in 
2014 the number of regencies/cities that had local regula-
tions on SFA increased to 49 spreads over 13 provinces 
(out of 34 provinces) in Indonesia [11].
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Cigarettes are still a problem in Indonesia with a high 
number of consumers. Smoke Free Areas as an effective 
form of protection from the dangers of cigarette smoke, 
provide a clean and healthy environment, and expected 
to control smoking behavior which can affect the number 
of smokers in each area. Cigarette taxes provide support 
to local governments to achieve better health services. 
This study aims to describe the Smoke Free Area regula-
tion and analyze the relationship between the percentage 
of smokers and the prevalence of smoking attributable 
morbidity.

Method
This study uses a quantitative method with a cross-sec-
tional design. Secondary data was obtained from the 2018 
Basic Health Research national survey data. Basic Health 
Research is a 5-year survey conducted by the Ministry of 
Health of the Republic of Indonesia that describes infor-
mation on health status and information on the mag-
nitude of the problem of risk factors related to health 
status, as a consideration in formulating health develop-
ment policies in Indonesia. Until this manuscript was 
compiled, the latest Basic Health Research and the data 
officially published is in 2018. The unit of analysis used in 
this study was 514 districts/cities in Indonesia. The varia-
bles studied were the percentage of smokers and outcome 
of this study were the prevalence of smoking-attributable 
morbidity, namely diabetes, hypertension, upper respira-
tory tract infections (URTI), pneumonia, asthma, lung 
tuberculosis, and mental emotional disorders. The meas-
urement result category of these variables is divided to 
be high if the percentage or prevalence of smokers and 
smoking-related diseases is above the national figure. 
The percentage of smoking is categorized as high if the 
percentage of smokers is above national percentage, was 
> 24·5% for the 2018 National Basic Health Research. 
While the diseases prevalence was categorized as high if 
the prevalence of diabetes was > 1·5%; hypertension was 
> 8·36%; URTI was > 4·4%; pneumonia was > 2·0%; lung 
tuberculosis was > 0·42%; asthma was > 2·4%; and men-
tal emotional disorders was > 9·8%. On the other hand, 
it is said to be low if the percentage of smokers and the 
prevalence of smoking-attributable morbidity are below 
the national figures. Data analysis using Chi-Square Test 
and Prevalence Ratio.

Smoker variable is population with smoking habit every 
day in the last one month which was asked to respond-
ents with age more than ten years. The diseases variable 
was asked to respondents aged > 15 years. Diagnosed of 
diabetes mellitus based on American Diabetic Asso-
ciation criteria, hypertension based on Joint National 
Committee (JNC) VII, asthma based on medical doctor 
examination, lung tuberculosis based on thorax photo or 

sputum examination or both, pneumonia based on three 
questions (thorax photo, medical doctor examination 
and, symptoms), URTI based on two questions (medical 
doctor examination and symptoms), and mental emo-
tional disorders based on 20 questions of Self-Reporting 
Questionnaire (SRQ). All of those data could be accessed 
on the official website https://​www.​litba​ng.​kemkes.​go.​id/​
lapor​an-​riset-​keseh​atan-​dasar-​riske​sdas//. Furthermore, 
the mapping was made using the QGIS 3·16 applica-
tion and District/City data with the 2021 SFA regulation 
sourced from data from the Indonesian Health Service 
Association (ADINKES) [12]. The Indonesian Health 
Service Association (ADINKES) is an association organi-
zation established to meet the aspirations and participa-
tion of Health Offices throughout Indonesia. ADINKES 
has a vision to become the main partner of the Govern-
ment and Regional Governments throughout Indonesia 
in realizing the Health Service and its Technical Imple-
mentation Units as a trusted and reliable health affairs 
implementer.

Results
In 2021, out of 514 districts/cities in Indonesia, there are 
369 districts/cities (71·8%) that already had SFA regula-
tions in their regions and as many as 145 districts/cit-
ies (28·2%) did not have regulations on SFA in the area 
(Fig. 1). The number was much higher than the number 
of the districts/cities with SFA regulation before 2009. 
These regulations can be in the form of local regulations; 
regent’s or mayor’s regulations; or decrees. Local regula-
tions were formed based on an agreement between the 
government (executive role) and parliament (legislative 
role). While other regulations are made only by the gov-
ernment (executive role) without involving parliament.

The condition of the prevalence of Smoke Attribut-
able Morbidity from 2007 to 2018 shows the difference 
between before the regional regulation on Non-Smoking 
Areas in 2009 and the allocation of cigarette taxes for the 
health sector was implemented, with the condition after 
the enactment of regional regulations on non-smoking 
areas that have been implemented by most regions in 
Indonesia, as well as affirmation of the allocation of ciga-
rette taxes for the health sector (Fig. 2). The data is ana-
lyzed from 72% districts/cities that have SFA which the 
total is 344 districts/cities (districts/cities with expansion 
and missing data in 2007 are not included). The trendline 
of each Smoke Attributable Morbidity shows the number 
of districts/cities with hypertension, pneumonia, asthma, 
and TB in the high category has increased. Meanwhile, 
the number of districts/cities with diabetes, URTI and 
mental emotional disorders in the high category has 
decreased.

https://www.litbang.kemkes.go.id/laporan-riset-kesehatan-dasar-riskesdas//
https://www.litbang.kemkes.go.id/laporan-riset-kesehatan-dasar-riskesdas//
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Overview of Smoking Attributable Morbidity in Districts/
Cities of Indonesia
The percentage of smokers in districts or cities accord-
ing to 2018 National Basic Health Research with a 
high category was 217 districts/cities (43·8%) after ten 
years implementation of Health Law. It showed that as 
many as 217 districts or cities in Indonesia had more 
than 24·3% of smokers. The number of districts/cit-
ies which had high prevalence of diabetes were 322 
districts/cities (64·5%). It meant that 322 districts/cit-
ies had prevalence of diabetes more than 1·5% as the 
national figure. The number of districts/cities which 
had high prevalence of hypertension were 218 dis-
tricts/cities (44·6%). It meant that 218 districts/cities 
had prevalence of hypertension more than 8·36% as the 
national figure. The number of districts/cities which 
had high prevalence of lung tuberculosis were 196 dis-
tricts/cities (45·3%). It meant that 196 districts/cities 
had prevalence of lung tuberculosis more than 0·42% 
as the national figure. While the disease with the high 
category and the lowest number was pneumonia with 
151 districts/cities (30·4%). It meant that 151 districts/
cities had prevalence of pneumonia more than 2·0% as 
the national figure (Table 1).

The Association between Smoking 
and Smoking‑Attributable Morbidity in Districts/Cities 
of Indonesia
Result of the analysis of the association between the 
percentage of smokers and the prevalence of smoking-
attributable morbidity showed significant results with 
p value < 0·005 on the variables of diabetes mellitus 
(p = 0·000), hypertension (p = 0·000), and lung tuberculo-
sis (p = 0·008). Districts/Cities with a high percentage of 
the category had a risk of 1·342 times (CI; 1·135-1·587) 
to be districts/cities with a high prevalence of diabetes, 
1·631 times (CI: 1·252-2·124) with high prevalence of 
hypertension, and 1·219 times (CI: 1·049 − 1·417) with 
high prevalence of lung tuberculosis as well. However, 
URTI, pneumonia, asthma, and mental emotional disor-
ders were not associated significantly with the percentage 
of smokers. Although pneumonia (p = 0·051) and mental 
emotional disorders (p = 0·061) had p values that were 
close to significant value (Table 2).

Discussion
Smoke Free Area regulation is one of the govern-
ment’s efforts to control diseases caused by smoking 
and exposure to cigarette smoke in the environment. 

Fig. 1  The distribution of SFA regulations at the District/City level in Indonesia in 2021
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A meta-analysis research shows that smoke free area 
regulation as implementation of WHO’s recommended 
tobacco control policies (MPOWER) was associated 

with substantial benefits to health especially on perina-
tal and children health, especially who got in tobacco 
smoke exposure [13, 14]. The WHO MPOWER recom-
mendation were able to reduce the adult daily smoking 
prevalence significantly the countries with higher ini-
tial tobacco control preparedness and higher smoking 
burden [15]. Children were among the most exposed to 
cigarette smoke or become passive smokers compared to 
other age groups. Other research show that smoking reg-
ulation associated with reduction in severe asthma exac-
erbations requiring hospital admission [16]. The Smoke 
Free Area regulation was expected to have an effect on 
reducing the number of smokers. This is in accordance 
with Rahajeng’s research in 2015 which stated that the 
application of SFA regulations and legislation can reduce 
the proportion of smokers every day. One of the areas, for 
example the Special Region of Yogyakarta, the number of 
smokers every day from 2007 to 2013 decreased by 2·6% 
[17]. Even though the regulation of Smoke Free Area had 
been implemented since 2009, the number of smokers 

Fig. 2  Trendline of the prevalence of Smoke Attributable Morbidity from 2007 to 2018

Table 1  Description of Districts/Cities with percentage of 
Smokers and Prevalence of Smoking Attributable Morbidity in 
Indonesia

Variable District and City
(n = 514)

Missing data

High (%) Low (%)

Smoking 217 (43·8) 279 (56·3) 18

Diabetes Mellitus 322 (64·5) 173 (35·5) 1

Hypertension 218 (44·6) 278 (55·4) -

URTI 184 (36) 312 (64) -

Pneumonia 151 (30·4) 345 (69·6) -

Lung TBC 196 (45·3) 298 (54·7) -

Asthma 222 (39·5) 274 (60·5) 2

Mental emotional disorder 203 (41·2) 293 (58·8) -



Page 6 of 8Martini et al. BMC Public Health         (2022) 22:2202 

in Indonesia was still high. It showed that there was low 
compliance on the regulation due to poor enforcement, 
as the study result of Ravara et al. (2013) [18]. This was 
also related to Smoking-Attributable Morbidity which 
was also still a large disease burden for the country.

The results showed that districts/cities with high smok-
ing category had a high prevalence of diabetes mellitus, 
hypertension, and lung tuberculosis. The strong associa-
tion between smoking and the diabetes is consistent with 
studies and the development of micro and macrovascu-
lar complications. Smoking causes changes in insulin 
secretion by pancreatic cells and can also cause insulin 
resistance associated with impaired glucose metabolism. 
In addition, smoking-induced endothelial dysfunction 
has a key role in the development of vascular complica-
tions in this condition [19]. Smokers had a 2·30 (95%CI 
1·47 to 3·60) risk of developing diabetes mellitus than 
non-smokers [20]. In this study, districts/cities with high 
smoking category had a risk of 1·631 times (95%CI 1·252 
to 2·124) to become districts/cities with high prevalence 
of diabetes mellitus.

The results showed that districts/cities with a high per-
centage of smokers had a high prevalence of hypertension 
as well (95%CI 1·252 to 2·124). Smoking was significantly 

correlated with higher blood pressure, especially among 
former smokers and new smokers [21]. Hypertension 
had been common and is still considered as one of the 
main risk factors for coronary heart disease. Endothelial 
dysfunction, increased arterial stiffness, and changes in 
platelet function caused by smoking exposure contribute 
to increased blood pressure, which is strongly associated 
with hypertension. The results of another study [22] also 
showed that cigarette smoke is a factor that can cause 
functional damage, especially to the endothelium due to 
the effects of nicotine and carbon monoxide.

Meanwhile, the high percentage of smokers in districts/
cities also showed a significant relationship with a high 
prevalence of lung tuberculosis (95%CI 1·049 to 1·417). 
Previous studies have stated that excessive tobacco con-
sumption in men (⩾20 cigarettes per day) was a risk fac-
tor for tuberculosis (OR: 4·509; CI: (1·971–10·859) [23]. 
However, Ghambir et.al’s study explains that the associa-
tion between smoking and tuberculosis can be influenced 
by confounding factors such as socioeconomic condi-
tions, population density at home, previous contact with 
tuberculosis patients, previous TB infection, malnutri-
tion, use of intravenous drugs, alcohol consumption, and 
high-risk occupations [24].

Table 2  Analysis between percentage of smokers and prevalence of smoking attributable morbidity in Indonesia based on Districts/
Cities as unit of analysis

Variable Number of Districts/Cities with 
High Percentage of Smokers

Missing data p PR 95% CI

Yes No

Prevalence of Diabetes

  High 161 161 18 ·000 1·342 1·135–1·587

  Low 56 117

Prevalence of Hypertension

  High 115 103 1 ·000 1·631 1·252–2·124

  Low 102 176

Prevalence of URTI

  High 79 105 - ·779 ·981 ·856–1·123

  Low 138 174

Prevalence of Pneumonia

  High 76 75 - ·051 1·125 ·997–1·270

  Low 141 204

Prevalence of Lung TBC

  High 100 96 - ·008 1·219 1·049–1·417

  Low 116 100

Prevalence of Asthma

  High 103 119 2 ·285 1·092 ·928- 1·284

  Low 114 160

Prevalence of Mental Emotional Disorder

  High 99 104 - ·061 1·153 ·991–1·343

  Low 118 175
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The high blood glucose associated with diabetes can 
damage the blood vessels and nerves that control the 
heart. Over time, this damage can lead to heart dis-
ease. Heart disease is associated with various compli-
cations of other diseases, from stroke to kidney failure 
[25, 26]. Complications of diseases such as these are 
more likely to cause disability and loss of productiv-
ity, especially if they occur in people of productive age. 
Meanwhile, the total health care expenditure due to 
Smoking-Attributable diseases is 5·7% of global health 
expenditure or reaches US$422  billion if calculated 
according to Purchasing Power Parity (PPP) in 2012 
[27].

There were 706  million DALYs (Disability Adjusted 
Life Year) worldwide attributable to non-communica-
ble diseases in 2017 and diabetes is one of the top five 
causes of DALYs by association with major risk [28]. 
The Global Burden of Diseases, Injuries, and Risk Fac-
tors Study (GBD) 2017 showed that stroke was the 
third leading cause of death and disability combined 
(measured by disability-adjusted years of life [DALYs]). 
Meanwhile in Indonesia, the main causes of DALYs in 
2016 were ischemic heart disease, cerebrovascular dis-
ease, diabetes, and lung tuberculosis which took the 
fourth position. Diabetes recorded an average rate from 
2006 to 2016 of 54·9%, after previously in 1990–2006 it 
was 81·6% [29].

Many areas with SFA regulations are not followed 
by a good public health status as well. This can be seen 
from the high percentage of smokers and the high prev-
alence of smoking-related diseases. So, it’s time not 
only to add regions that have SFA regulations but also 
to apply the regulations correctly, which will be effec-
tive in reducing smokers and the diseases they cause. 
Although in this study asthma was not associated sig-
nificantly with smokers, as we know there were many 
studies showed that there are association between ciga-
rette smoke exposure and asthma, as the result showed 
that smoking from younger age is a dominant factor in 
the incidence of Chronic Obstructive Pulmonary Dis-
ease, such as asthma [30, 31].

The data in this research is secondary data which 
based on 2018 Basic Health Research, the smoking var-
iable was defined as anyone smoking every day in the 
last month which was asked to respondents above 10 
years old, however, the disease’s variable was asked to 
respondents aged > 15 years, this is the limitation of the 
study. In addition, the number of smokers aged 10–15 
is 0.7%. The prevalence data of smoking-related mor-
bidity/diseases consist of diseases which age manifes-
tations mostly on people aged > 30 years, therefore, we 
may consider this will not give much differences affect 
the analysis.

Conclusion
This study showed that around 72% of districts/cities 
in Indonesia already have local regulations of Smoke 
Free Area. There was a significant association between 
the high percentage of smokers with high prevalence of 
smoking attributable morbidity, such as diabetes melli-
tus, hypertension, and lung tuberculosis in the District/
City in Indonesia. Certainly, Smoke Free Area should 
be evaluated in the implementation. It will have an 
impact on the health status of the people in the area at 
this time and in the future considering that the disease 
is a chronic disease and requires very high treatment 
costs.
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