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ABSTRACT

Heart disease remains a leading contributor to iliness and mortality among older adults globally,
including in Indonesia. Although smoking is a well-established cardiovascular risk factor, limited
national evidence has explored its relationship with heart disease among the Indonesian el-
derly. This study utilized data from 97,339 adults aged 260 years obtained from the 2023 Indo-
nesia Health Survey (Survei Kesehatan Indonesia/SKIl) to examine the association between
smoking status and physician-diagnosed heart disease, considering various sociodemographic
factors. Key variables included age, sex, education, marital status, place of residence, employ-
ment, and smoking behavior. Weighted bivariate analyses were conducted using chi-square
tests to account for the complex survey design. The overall prevalence of heart disease was
3.5%. Significant associations (p < 0.05) were observed across all sociodemographic charac-
teristics, including smoking status. Interestingly, heart disease prevalence was higher among
non-smokers (2.6%) than among smokers (0.9%), which may suggest reverse causality or
smoking cessation following diagnosis. These findings emphasize the influence of sociodemo-
graphic and behavioral factors on cardiovascular health among older Indonesians. Longitudinal
research is needed to better understand the causal mechanisms underlying these associations,
particularly regarding smoking behavior.

Keywords: Elderly, Cardiovascular risk, Heart disease, Smoking, Indonesia

ABSTRAK

Penyakit jantung tetap menjadi kontributor utama penyakit dan mortalitas di antara orang de-
wasa yang lebih tua secara global, termasuk di Indonesia. Meskipun merokok merupakan
faktor risiko kardiovaskular yang mapan, bukti nasional yang terbatas telah mengeksplorasi
hubungannya dengan penyakit jantung di antara orang tua Indonesia. Studi ini menggunakan
data dari 97.339 orang dewasa berusia 260 tahun yang diperoleh dari Survei Kesehatan Indo-
nesia 2023 (SKI) untuk memeriksa hubungan antara status merokok dan penyakit jantung yang
didiagnosis oleh dokter, dengan mempertimbangkan berbagai faktor sosiodemografi. Variabel
kunci meliputi usia, jenis kelamin, pendidikan, status perkawinan, tempat tinggal, pekerjaan,
dan perilaku merokok. Analisis bivariat tertimbang dilakukan dengan menggunakan uji chi-
square untuk memperhitungkan desain survei yang kompleks. Prevalensi keseluruhan penya-
kit jantung adalah 3,5%. Hubungan yang signifikan (p < 0,05) diamati di semua karakteristik
sosiodemografi, termasuk status merokok. Menariknya, prevalensi penyakit jantung lebih tinggi
di antara bukan perokok (2,6%) dibandingkan di antara perokok (0,9%), yang mungkin menun-
jukkan kausalitas terbalik atau berhenti merokok setelah diagnosis. Temuan ini menekankan
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pengaruh faktor sosiodemografi dan perilaku terhadap kesehatan kardiovaskular pada lansia
Indonesia. Penelitian longitudinal diperlukan untuk lebih memahami mekanisme kausal yang
mendasari hubungan ini, terutama terkait perilaku merokok.

Kata kunci: Lansia, Risiko kardiovaskular, Penyakit jantung, Merokok, Indonesia

INTRODUCTION

Cardiovascular disease (CVD) re-
mains the world’s leading cause of death,
claiming around 17.9 million lives each year,
or nearly one-third of all global deaths
(World Health Organization 2021). Within
this broad group, heart disease stands out
as a persistent public health concern, espe-
cially as populations grow older. Longer life
expectancy has brought undeniable social
and economic benefits, yet it has also in-
creased the number of people living with
chronic conditions such as heart disease
(Roth et al. 2020). The aging process itself,
together with years of exposure to behav-
ioral and metabolic risks, places older adults
at greater vulnerability. This combination of-
ten leads to higher medical needs and rising
healthcare costs (Donato et al. 2018; Liang
et al. 2021; Guo et al. 2022).

The development of heart disease is
influenced by many factors. Some cannot be
changed, such as age, sex, and genetic
background, while others are modifiable, in-
cluding high blood pressure, obesity, poor
diet, physical inactivity, and tobacco use
(Benjamin et al. 2019). Among these, smok-
ing has long been recognized as one of the
most preventable yet persistent causes of
cardiovascular problems. Cigarette smoke
damages blood vessels, triggers inflamma-
tion, and promotes oxidative stress, pro-
cesses that gradually accelerate atheroscle-
rosis and other heart complications (Raggi
et al. 2018; Addissouky et al. 2024).

Despite decades of public health cam-
paigns, smoking remains widespread in
many low- and middle-income countries,
where cultural habits and social acceptance
continue to shape behavior (Richa et al.
2025). Indonesia is a clear example. The
country faces a dual burden of disease,
dealing with both infectious illnesses and a
rapid rise in non-communicable diseases
such as heart disease (Siswati et al. 2022).
Smoking is deeply ingrained in daily life,

especially among men. According to na-
tional data from Basic Health Research
(Riskesdas), more than 60% of adult males
are current smokers (World Health Organi-
zation 2024).

Efforts to reduce smoking, including
health warnings and media campaigns,
have made some progress but have not yet
changed long-standing social norms. Older
adults, in particular, tend to continue smok-
ing or have a long history of smoking behav-
ior. Yet, surprisingly little research has ex-
amined how this habit relates to heart dis-
ease in Indonesia’s elderly population using
large-scale national data. Understanding
this connection is essential, not only for
health professionals but also for policymak-
ers designing strategies to protect an aging
society (Akter et al. 2024).

Indonesia’s rapidly growing elderly
population presents a pressing challenge.
As rates of heart disease rise, so do ques-
tions about how demographic and lifestyle
factors, such as age, gender, education,
marital status, employment, and smoking,
interact to influence cardiovascular health
(Cini et al. 2024; Rusyda 2025).

This study therefore aims to explore
the relationship between smoking status
and diagnosed heart disease among older
Indonesians, drawing on nationally repre-
sentative data from the 2023 Indonesia
Health Survey (Survei Kesehatan Indone-
sia/SKIl). Beyond documenting prevalence,
the study seeks to clarify how various social
and behavioral factors shape heart disease
risk in late life. The findings may help inform
targeted prevention programs and equitable
health policies for Indonesia’s aging popula-
tion (Pengpid and Peltzer 2019; Wihatno et
al. 2025).

MATERIAL AND METHODS
Data Source and Study Design

This research adopted a cross-sec-
tional study design using secondary data
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from the 2023 Indonesia Health Survey
(Survei Kesehatan Indonesia, SKI), which
was carried out by the Ministry of Health of
the Republic of Indonesia. The SKIl is a na-
tionally representative survey designed to
collect comprehensive demographic and
health-related information from households
across the country. It employs a multistage,
stratified, probability sampling technique,
ensuring that diverse regions and population
groups are proportionally represented. The
dataset used in this study was obtained
through an official request and approval pro-
cess via the Ministry’s data-sharing platform
(https://www.ba-
dankebijakan.kemkes.go.id/data-mikro-
ski/). While cross-sectional data cannot es-
tablish causality, it allows researchers to ex-
amine significant associations between key
variables within a large, nationally repre-
sentative sample.

Study Population

The study population consisted of in-
dividuals aged 60 years and above who par-
ticipated in the 2023 SKI. From this dataset,
only respondents with complete information
on smoking status and diagnosed heart dis-
ease were included in the analysis. This se-
lection ensured that all variables necessary
for the statistical procedures were consist-
ently available, improving the reliability of
the findings.

Inclusion and Exclusion Criteria
Participants were eligible for inclusion
if they were aged 60 years or older at the
time of data collection and had provided
complete responses for all essential study
variables, including age, sex, educational at-
tainment, marital status, employment status,
smoking status, area of residence, and heart
disease diagnosis. Respondents who were
younger than 60 years or who had missing
or inconsistent responses for these varia-
bles were excluded from the analysis. This
approach ensured that the final dataset re-
flected only valid and complete cases.

Variables and Measurements

The dependent variable in this study
was diagnosed heart disease, determined
from participants’ self-reported responses to
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whether a health professional had ever di-
agnosed them with heart disease. Re-
sponses were coded as “Yes” (1) for those
with a confirmed diagnosis and “No” (0) for
those without.

The independent variables included
several sociodemographic and behavioral
characteristics: age group (60-69, 70-79,
and 80-112 years), sex (male or female),
educational level (no formal education, pri-
mary, lower secondary, upper secondary,
and higher education), marital status (never
married, married, or divorced), place of res-
idence (urban or rural), employment status
(currently working or not working), and
smoking status (smoker or non-smoker). All
variables were coded as categorical to align
with the analytic framework used in this
study.

Statistical Analysis

Descriptive statistics were used to
summarize the respondents’ sociodemo-
graphic and health characteristics. Associa-
tions between independent variables and
the outcome variable, diagnosed heart dis-
ease, were assessed using the Chi-square
(x®) test. All statistical analyses were per-
formed using IBM SPSS Statistics version
27.0.1, with statistical significance deter-
mined at p < 0.05. To account for the SKl’s
complex survey design, sampling weights
provided in the dataset were applied. These
adjustments accounted for stratification,
clustering, and unequal selection probabili-
ties, ensuring that the results were repre-
sentative of the national elderly population.

Ethics Approval

This study was conducted in accord-
ance with established ethical guidelines for
secondary data analysis, particularly con-
cerning the confidentiality and protection of
participant information. The use of SKI data
was formally approved under ticket number
240675B7CC9C4327, with an accompany-
ing confidentiality = agreement  (No.
FRM/SMKI-PUSDATIN/70/0108/2024).
Data access was granted through the official
website of the Ministry of Health of the Re-
public of Indonesia (https://www.ba-
dankebijakan.kemkes.go.id/data-mikro-
ski/).
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RESULTS AND DISCUSSION

Result
Respondent Characteristics

A total of 97,339 elderly respondents
aged 60 years and above were included in
the analysis. The largest proportion of par-
ticipants were in the 60-69 year age group
(68.3%), followed by those aged 70-79
years (24.9%) and 80 years or older (6.8%).
The gender distribution was nearly bal-
anced, with 49.0% men and 51.0% women.

Regarding educational attainment,
42.0% of respondents had completed pri-
mary school, while 26.7% reported having
no formal education, and only 7.0% had
reached higher education. In terms of
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marital status, the majority were married
(68.4%), with 30.4% divorced and a small
proportion (1.3%) never married.

More than half of the elderly partici-
pants resided in urban areas (54.1%), while
45.9% lived in rural settings. Most respond-
ents (67.8%) were still working, indicating
continued economic participation in later life.
Additionally, 28.5% of the sample identified
as current smokers, suggesting that tobacco
use remains relatively common among Indo-
nesia’s older population.

The overall prevalence of diagnosed
heart disease among these elderly respond-
ents was 3.5%, reflecting a notable but still
moderate burden of cardiovascular morbid-
ity within this demographic group.

Table 1. Distribution of Respondent Characteristics Among Elderly Individuals in Indonesia (n = 97,339)

. Frequency Percent
Variables (n) (%)

Age Group (Years)

(60-69) 66.435 68.3%

(70-79) 24.282 24.9%

(80-112) 6.622 6.8%
Sex

Male 47.662 49.0%

Female 49.677 51.0%
Education Attainment

No Formal Education 25.982 26.7%

Primary School 40.880 42.0%

Lower Secondary 10.431 10.7%

Upper Secondary 13.188 13.5%

Higher Education 6.858 7.0%
Marital Status

Never Married 1.222 1.3%

Married 66.554 68.4%

Divorced 29.563 30.4%
Area of Residence

Urban 52.671 54.1%

Rural 44.668 45.9%
Employment Status

Not Working 31.329 32.2%

Currently Working 66.010 67.8%
Smoking Status

Yes 27.750 28.5%

No 69.589 71.5%
Diagnosed Heart Disease

Yes 3.395 3.5%

No 93.944 96.5%
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Bivariate Analysis

The Chi-square test revealed several
significant associations between respond-
ents’ sociodemographic characteristics and
the prevalence of diagnosed heart disease.
Age was strongly associated with heart dis-
ease (p = 0.001), with the highest propor-
tions observed among older age groups,
specifically, 1.0% among individuals aged
70-79 years and 0.2% among those aged
80 years and above. Sex also showed a sta-
tistically significant relationship (p = 0.002),
where men (1.8%) had a slightly higher
prevalence compared to women (1.7%).

Educational attainment demonstrated
a clear gradient (p = 0.001); respondents
with no formal education (0.6%) and those
who completed only primary school (1.1%)
reported higher rates of heart disease than
those with more advanced education levels.
A similar pattern appeared in relation to mar-
ital status (p = 0.002), with married individu-
als exhibiting the highest prevalence of
heart disease (2.4%) compared to those

who were divorced (1.1%) or never married
(0.0%).

Significant differences were also
found by place of residence (p = 0.001). Par-
ticipants living in urban areas had a higher
prevalence of heart disease (2.5%) than
their counterparts in rural areas (0.9%), pos-
sibly reflecting variations in access to
healthcare and diagnostic services. Employ-
ment status was another factor significantly
related to heart disease (p = 0.001); those
who were currently working showed a prev-
alence of 2.0%, while non-working individu-
als had a slightly lower prevalence (1.4%).

An unexpected pattern emerged in re-
lation to smoking status (p = 0.001). The
prevalence of diagnosed heart disease was
lower among smokers (0.9%) than among
non-smokers (2.6%). This counterintuitive
finding may suggest reverse causality,
where individuals cease smoking after being
diagnosed with heart disease, or may be in-
fluenced by early mortality among long-term
smokers.

Table 2. Bivariate Association Between Respondent Characteristics and Heart Disease (Chi-Square

Test, n = 97,339)

Diagnosed Heart Disease

Variabel Yes No p-value
N (3.395) (3,5%) N (93.944) (96,5%)
Age Group (Years) 0.001*
(60-69) 2.169 (2.2%) 64.266 (66.0%)
(70-79) 986 (1.0%) 23.296 (23.9%)
(80-112) 240 (0.2%) 6.382 (6.6%)
Sex 0.002*
Male 1.750 (1.8%) 45.912 (47.2%)
Female 1.645 (1.7%) 48.032 (49.3%)
Education Attainment 0.001*
No Formal Education 579 (0.6%) 25.403 (26.1%)
Primary School 1.098 (1.1%) 39.782 (40.9%)
Lower Secondary 450 (0.5%) 9.981 (10.3%)
Upper Secondary 786 (0.8%) 12.402 (12.7%)
Higher Education 482 (0.5%) 6.376 (6.6%)
Marital Status 0.002*
Never Married 20 (0.0%) 1.202 (1.2%)
Married 2.346 (2.4%) 64.208 (66.0%)
Divorced 1.029 (1.1%) 28.534 (29.3%)
Area of Residence 0.001*
Urban 2.480 (2.5%) 50.191 (51.6%)
Rural 915 (0.9%) 43.753 (44.9%)
Employment Status 0.001*
Not Working 1.401 (1.4%) 29.928 (30.7%)
Currently Working 1.994 (2.0%) 64.016 (65.8%)

61



J Bioteknol Biosains Indones — Vol 13 No 1 Thn 2026

Diagnosed Heart Disease

Variabel Yes No p-value
N (3.395) (3,5%) N (93.944) (96,5%)

Smoking Status 0.001*
Yes 878 (0.9%) 26.872 (27.6%)
No 2.517 (2.6%) 67.072 (68.9%)

Note: *p = <0.05

Discussion

This study demonstrated that several
sociodemographic factors, age, sex, educa-
tional level, marital status, area of resi-
dence, employment status, and smoking be-
havior, were significantly associated with the
prevalence of diagnosed heart disease
among older adults in Indonesia. Although
smoking is widely recognized as a modifia-
ble risk factor for cardiovascular disease, an
unexpected pattern emerged: non-smokers
showed a higher prevalence of heart dis-
ease than smokers. This finding may reflect
reverse causality, in which individuals quit
smoking after being diagnosed with heart
disease, or the effect of smoking-related
early mortality, where heavy smokers die
before reaching older age (Jeong et al.
2021; Nabi Husain et al. 2023; Rahman et
al. 2025).

The strong association between heart
disease and older age groups is consistent
with previous evidence indicating that aging
is one of the most important non-modifiable
risk factors for cardiovascular disease. With
age, cumulative exposure to behavioral and
metabolic risks, along with physiological de-
cline, increases susceptibility to cardiovas-
cular pathology (Zhou et al. 2022; Zhao et
al. 2024). The slightly higher prevalence of
heart disease among males compared with
females also mirrors global patterns. Biolog-
ical differences in lipid metabolism and hor-
monal protection, combined with behavioral
factors such as smoking and occupational
stress, may help explain this trend (Hernan-
dez-Hernandez et al. 2022; Lindsey et al.
2024).

Education emerged as another signifi-
cant determinant. Individuals with lower ed-
ucational attainment had a higher preva-
lence of heart disease, reinforcing the role of
education as a social determinant of health.
Education influences a person’s ability to ac-
cess information, adopt healthy behaviors,
and seek timely medical care (Khaing et al.

2017). Similarly, marital status was related
to heart disease risk, with married individu-
als showing higher prevalence than di-
vorced or never-married respondents. This
pattern may partly reflect age differences,
since married individuals tend to be older,
but could also indicate greater diagnosis
rates due to higher health awareness or ac-
cess to medical services among those living
with a partner (Dhindsa et al. 2020).

The study also revealed differences
based on residential area. Urban residents
were more likely to report a diagnosis of
heart disease than rural residents. This
could reflect better access to diagnostic fa-
cilities and healthcare in cities rather than
true differences in disease burden, suggest-
ing the possibility of underdiagnosis in rural
regions (Fanaroff et al. 2022; Pierce et al.
2025). A notable pattern was also found for
employment status, respondents who were
still working showed a higher prevalence of
heart disease compared with those not
working. Occupational stress, lifestyle hab-
its, and selection bias in self-reporting may
partly explain this observation (Virtanen et
al. 2017; Kubera et al. 2022).

Although smoking is a well-docu-
mented risk factor for cardiovascular mor-
bidity and mortality, the finding that non-
smokers had higher heart disease preva-
lence requires cautious interpretation. Pos-
sible explanations include behavioral
changes following diagnosis, underreporting
of smoking habits, or residual confounding
from unmeasured factors such as diet, phys-
ical activity, or healthcare access. Further,
smoking-related premature mortality could
have reduced the number of high-risk smok-
ers in the elderly sample, producing a mis-
leading inverse association.

Several limitations should be acknowl-
edged. First, the cross-sectional design pre-
vents causal inference. Second, the meas-
ure of heart disease relied on self-reported
diagnosis, which may be affected by recall
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or reporting bias. Third, smoking was classi-
fied using a binary variable, without details
on smoking duration, intensity, or cessation
history. Fourth, potential confounders such
as diet, physical activity, or comorbidities
were not captured. Lastly, reverse causality
remains a plausible explanation, particularly
for the unexpected relationship between
smoking and heart disease.

Despite these limitations, the findings
underscore the importance of addressing
cardiovascular health among Indonesia’s el-
derly population, particularly for groups with
low educational attainment, men, and urban
residents. Public health initiatives should not
only promote smoking cessation but also
strengthen screening and diagnostic efforts
across both urban and rural areas. The
counterintuitive findings related to smoking
further highlight the need for longitudinal
studies that incorporate more nuanced
measures of smoking behavior to clarify
causal pathways.

CONCLUSION

This study identified significant associ-
ations between various sociodemographic
factors and the prevalence of diagnosed
heart disease among older adults in Indone-
sia. Age, sex, education, marital status, res-
idence, employment, and smoking status
were all meaningfully related to heart dis-
ease. Although causality cannot be inferred
due to the study design, these findings pro-
vide valuable insight into the characteristics
of elderly individuals most at risk for cardio-
vascular conditions. The evidence may help
guide health policymakers and practitioners
in developing equitable, context-specific
prevention and intervention strategies
aimed at reducing cardiovascular risk
among Indonesia’s aging population.
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