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Abstract 

Backgrounds:  The majority of risk factors for cardiovascular diseases (CVDs) are modifiable. Continuous monitoring 
and control of these factors could significantly reduce the risk of CVDs-related morbidity and mortality. This study 
estimated the prevalence of modifiable risk factors in Indonesia and its co-occurence of multiple risk factors stratified 
by prior CVDs diagnosis status and sex.

Methods:  Adult participants (> 15 years, N = 36,329, 57% women) with median age of 40 years were selected from a 
nationwide Indonesian cross-sectional study called Basic Health Research or Riset Kesehatan Dasar (Riskesdas) con-
ducted in 2018. Thirteen risk factors were identified from the study, including smoking, a high-risk diet, inadequate 
fruit and vegetable consumption, a low physical activity level, the presence of mental-emotional disorders, obesity, a 
high waist circumference (WC), a high waist-to-height ratio (WtHR), hypertension, diabetes, a high total cholesterol 
level, a high low-density lipoprotein (LDL) cholesterol level, and a low high-density lipoprotein (HDL) cholesterol level. 
Age-adjusted prevalence ratios stratified by CVDs status and sex were calculated using Poisson regression with the 
robust covariance estimator.

Results:  CVDs were found in 3% of the study population. Risk factor prevalence in the overall population ranged 
from 5.7 to 96.5% for diabetes and inadequate fruit and vegetable consumption respectively. Smoking, a high-risk 
food diet, and a low HDL cholesterol level were more prevalent in men, whereas a low physical activity level, the pres-
ence of mental-emotional disorders, obesity, a high WC, a high WtHR, hypertension, diabetes, a high total choles-
terol level, and a high LDL cholesterol level were more prevalent in women. Approximately 22% of men and 18% of 
women had at least 4 risk factors, and these proportions were higher in participants with prior CVDs diagnosis.

Conclusions:  There is a high prevalence of modifiable risk factors in the Indonesian adult population. Sex, age, and 
the presence of CVD are major determinants of the variations in risk factors. The presence of multiple risk factors, 
which are often inter-related, requires a comprehensive approach through health promotion, lifestyle modification 
and patient education.
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Background
Cardiovascular diseases (CVDs) is a major cause of mor-
bidity and mortality worldwide [1]⁠. Although the risk 
factors underlying CVDs are well known and, for the 
most part, preventable, the prevalence is still increasing 
[2]⁠. Prevention guidelines recommend lowering the risk 
by influencing modifiable risk factors to reduce mor-
bidity and mortality [3, 4]⁠. The prevalence of CVDs is 
also increasing in Southeast Asia, including Indonesia, 
increasing from 4.8 to 5.3% between 2014 and 2019 [5]⁠. 
In Indonesia, the prevalence of CVDs varies according 
to geographic and demographic characteristics, includ-
ing between men and women, presumably due to differ-
ences in exposure to risk factors [6]⁠. Furthermore, there 
are significant gender differences in the presence risk 
factors and the occurrence of CVDs. Although men have 
a higher risk of coronary heart disease (CHD), women 
have an equal or even higher risk for stroke [7, 8]⁠.

Considerable evidence has shown that many cardio-
vascular risk factors are inter-correlated, and exposure to 
multiple factors significantly increases the risk of CVDs 
incidence [9]⁠. For example, hypertension, type 2 dia-
betes, hyperlipidemia, and obesity are closely related to 
unhealthy behavior and lifestyle such as smoking, high 
risk food diet, low physical activity,and stress [10]⁠.

Limited information is available regarding the varia-
tion, burden, and co-occurrence of cardiovascular risk 
factors in the Indonesian population. Reliable epidemio-
logical data of modifiable risk factors prevalence and var-
iation among the Indonesian population are fundamental 
in shaping the strategic approach to decreasing the risk 
of CVDs. Therefore, the aims of this study are (1) to pro-
vide up-to-date prevalence of modifiable risk factors, (2) 
to describe the variations in risk factor distribution in the 
populations with a prior CVDs diagnosis (secondary pre-
vention population) and without a CVDs diagnosis (pri-
mary prevention population), and sex. In addition, (3) to 
describe the extent of co-occurrence of multiple risk fac-
tors in the Indonesian adult population.

Methods
Study design and data source
The current study is based on the National Basic Health 
survey, or Riset Kesehatan Dasar (Riskesdas). This five-
year cross-sectional study began in 2007 and was con-
ducted throughout the country by the Ministry of Health, 
the Republic of Indonesia. The principal aim of the 
Riskesdas was to provide information to the Indonesian 
government concerning population health status and 

associated risk factors [6]⁠. Detailed information about 
the study design, data management, and methods of the 
Riskesdas has been described previously [11]⁠. In brief, the 
target sample was 300.000 households from 30.000 pre-
listed census blocks (CBs) provided by the Indonesian 
Central Bureau of Statistics. These CBs are distributed 
among 34 provinces in 514 districts/cities throughout 
Indonesia. Recruited and well-trained enumerators vis-
ited every randomly selected household and invited all its 
members to participate in a questionnaire-based inter-
view. Furthermore, height, weight, waist circumference 
(WC), and blood pressure measurements were obtained.

Adult household members (15 years and older) from 
2500 CBs in 26 provinces were sub-sampled to represent 
national-level prevalence estimates for blood examina-
tions (fasting [FBG] or random blood glucose [RBG] and 
cholesterol profiles). The response rate for blood exami-
nation was 77.7%, and in the present study, we included 
only participants for whom blood samples were available 
(N = 36,329).

Data collection
The presence of CVDs, smoking, food consumption, 
physical activity, and mental-emotional state were self-
reported. Body mass index (BMI), WC, waist-to-height 
ratio (WtHR), and blood pressure (BP) were measured by 
the surveyor. Blood samples were collected at the time of 
the interview to detect FBG or RBG and total cholesterol, 
low-density lipoprotein (LDL) cholesterol, and high-den-
sity lipoprotein (HDL) cholesterol levels.

We categorized participants as smokers if they cur-
rently smoked (daily or occasionally). High-risk food was 
defined as sweet food and drinks, salty food, oily food, 
grilled food, preserved food, seasonings, soft drinks, 
energy drinks, and instant food/noodles. A “high-risk 
diet” was defined as consuming of three or more types of 
high-risk food at least once a day. Participants’ fruit and 
vegetable consumption was categorized as “inadequate” 
if intake was less than five portions/day according to 
the World Health Organization (WHO) standard [12]⁠. 
Physical activity was defined based on the WHO Global 
Physical Activity Questionnaire (GPAQ) and categorized 
as “low” if participants did not meet the WHO stand-
ard for adequate physical activity [13]⁠. Mental and emo-
tional disorders were measured using the WHO 20-item 
self-reporting questionnaire (SRQ-20) [14]⁠, which was 
previously validated for the Riskesdas. We defined the 
presence of mental and emotional disorders as a score of 
6 or above as it is already validated in the other study in 
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Indonesia (with positive predictive value 60%, negative 
predictive value 92%) [15]⁠, and was used in the Riskesdas 
national report.

Participants’ anthropometric indices, namely, their 
weight, height, and WC, were measured using appropri-
ate measuring tools. A digital weight scale with a pre-
cision of 100 g was used to measure weight; height was 
measured using a portable stadiometer with a precision 
of 0.1 cm, and WC was measured using a measuring 
tape with a precision of 0.1 cm at the midline between 
the inferior margin of the ribs and the superior bor-
der of the iliac crest. Participants with BMI ≥25 kg/m2 
were considered “obese” [16]⁠, and a WC > 90 cm in men 
and > 80 cm in women was considered “high risk” [17]⁠. In 
addition, the WtHR was also calculated, and a score > 0.5 
was considered “high risk” [18]⁠.

BP was measured with a digital sphygmomanometer at 
least two times on the upper left arm while the patient 
was in a relaxed condition, and average systolic and dias-
tolic BP was calculated to represent the participant’s BP. 
An average systolic BP of ≥ 140 mmHg and or an average 
diastolic BP of ≥ 90 mmHg, self-reported hypertension 
diagnosed by a physician, or the use of a BP-lowering 
medication was defined as “hypertension” [19]⁠. Further-
more, for participants with hyperglycemia symptoms 
and RBG level ≥ 200 mg/dL or FBG level > 125 mg/dL, a 
self-reported diagnosis of diabetes or use of anti-diabetic 
medication was defined as “diabetes” [20]⁠. FBG and RBG 
data were collected using a point-of-care test (POCT) 
glucometer. Lipid profiles (total, LDL, and HDL choles-
terol levels) were measured in mg/dL. Blood samples 
collected from participants were sent to the National 
Laboratory in Jakarta to analyze lipid profiles using enzy-
matic assays, and total cholesterol ≥ 200 mg/dL, LDL 
cholesterol ≥ 160 mg/dL, and HDL cholesterol < 40 mg/
dL were defined as “high risk” [21]⁠.

The Riskesdas study was approved by the Ethical Com-
mittee of Health Research, NIHRD, Ministry of Health, 
the Republic of Indonesia, with the reference number 
LB.02.01/2/KE.267/2017. Informed consent was obtained 
from all participants or their legal guardians (for partici-
pants aged 15 years old) who participated in the study.

Statistical analysis
We conducted descriptive analyses to estimate the preva-
lence of CVDs (coronary heart disease and stroke) and its 
modifiable risk factors. Due to the complex survey meth-
odology, adjustment with a sampling weight to address 
unequal sampling probabilities related to non-responses 
and sampling design was performed. Age-adjusted 
prevalence ratios by CVDs status (no prior and a prior 
CVDs diagnosis) and sex were calculated using Poisson 
regression with the robust covariance estimator [22]⁠. 

Categorical variables are expressed as percentages, and 
chi-square tests were performed to compare the propor-
tions of risk factors between groups. Independent t-tests 
or Mann–Whitney tests were used for continuous varia-
bles to compare mean distributions between two groups.

Eight modifiable risk factors, namely, smoking, a high-
risk diet, a low physical activity level, the presence of 
mental-emotional disorders, a high WtHR, hypertension, 
a high blood glucose level or diabetes, and a high LDL 
cholesterol level, were included in the calculation of the 
participant’s cumulative number of risk factor presented. 
We excluded inadequate fruit and vegetable consump-
tion because of the high similarities between sex and 
age groups (homogeneous). BMI and WC were excluded 
because of their collinearity with WtHR in predicting 
obesity risk and thus the risk for CVDs. Furthermore, we 
included LDL cholesterol levels and excluded total and 
HDL cholesterol levels in the cumulative number of risk 
factor calculations. The analysis was performed using 
SPSS version 27 (IBM Corp. Armonk, NY).

Results
Study population characteristics
A total of 36,329 participants were included in our anal-
ysis, and the study population characteristics are pre-
sented in Table 1. The median ages of participants with 
and without a prior CVDs diagnosis were 54 and 40, 
respectively, and more than half were women in both 
groups. The weighted prevalence of CHD and stroke were 
2.1% (95% CI 1.9–2.3) and 1.0% (95% CI 0.9–1.1), respec-
tively, and the prevalence of combined CHD and stroke 
was 3.0% (95% CI 2.8–3.2). The prevalence increased 
with age in both men and women. The CVDs prevalence 
by 10-year age intervals and sex is presented in Fig. 1.

Prevalence of modifiable risk factors by CVDs status
The prevalence of cardiovascular risk factors based on 
a history of CVDs diagnosis is presented in Fig.  2. The 
prevalence in the overall population ranged from 5.7% for 
diabetes to 96.5% for low fruit and vegetable consump-
tion. Participants with CVDs had significantly higher 
prevalence for most of the risk factors, except for smok-
ing, than those with no prior CVDs (PR: 0.64, 95% CI 
0.55–0.75, p < 0.001); there was no significant difference 
in the prevalence of a high-risk diet (PR: 0.93, 95%CI 
0.87–1.00, p = 0.056) and inadequate fruit and vegeta-
ble consumption (PR:0.98, 95%CI 0.96–1.03, p = 0.103) 
between the groups. The highest prevalence difference 
between the groups was for mental-emotional disor-
ders, for which participants with prior CVDs had a sig-
nificantly higher prevalence (PR: 2.05, 95% CI 1.79–2.35, 
p < 0.001).
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Table 1  Characteristics of the participants by prior diagnosis of CVDs status

Age is presented in median (IQR), participant characteristics (sex, location, marital status, and education) are presented in weighted percentage (%), measurements 
(BMI, blood pressures, blood glucose, and lipid profile) presented with a mean (with standard deviation); significant values were derived from t-test or Mann-Whitney 
tests for continuous variables, and chi-square test for categorical variables; p-values less than 0.05 were considered statistically significant

CVDs Cardiovascular disease, CI confidence interval, IQR interquartile range, SD standard deviation, BMI body mass index, WC waist circumference, WHtR waist to 
height ratio, FBG fasting blood glucose, RBG random blood glucose, LDL low-density lipoprotein, HDL high-density lipoprotein

Characteristics Prior CVDs Diagnosis (% weighted) p

No (n = 35,129) Yes (n = 1200) Total (n = 36,329)

Age (years); median (IQR) 40 (24) 54 (19) 40 (23) < 0.001

Sex
  Men 43.3 41.4 43.2 0.323

  Women 56.7 58.6 56.8

Location
  Urban 63.8 69.3 63.9 0.001

  Rural 36.2 30.7 36.1

Marital status
  Not Married 16.5 6.1 16.2 < 0.001

  Married 74.1 74.9 74.2

  Divorced 2.1 1.7 2.1

  Widowed 7.2 17.3 7.5

Education
  Not / Never School 5.9 8.9 6.0 < 0.001

  Not Finished Primary 13 18.1 13.1

  Primary School 29.3 30.1 29.3

  Junior Highschool 20.9 16.9 20.8

  Senior Highschool 25.1 19.9 24.9

  Undergraduate School 2.3 2.3 2.3

  Finished Higher Education 3.6 3.7 3.6

Occupation
  Not Working 35.5 49.0 35.9 < 0.001

  Schooling 6.1 2.3 6.0

  Government Employee 1.3 1.6 1.4

  Private Employee 8.9 4.7 8.8

  Enterpreneur/Enterpriser 14.8 15.5 14.8

  Farmer 15.9 13.5 15.8

  Fisherman 0.3 0.1 0.3

  Daily labour 12.0 6.6 11.8

  Other 5.2 6.7 5.2

Measurements; mean (SD)

  BMI score 23.9 (4.8) 24.6 (5.1) 23.9 (4.8) < 0.001

  WC (cm) 79.9 (12.2) 84 (13.6) 80 (12.3) < 0.001

  WHtR 0.52 (0.08) 0.54 (0.09) 0.52 (0.1) < 0.001

  Systolic (mmHg) 131.2 (23.7) 145 (29.6) 131.5 (24.2) < 0.001

  Diastolic (mmHg) 83.8 (12.6) 88 (15.4) 83.9 (12.8) < 0.001

  FBG (mg/dL) (n:10083) 102.1 (31.9) 111.1 (45.4) 102.4 (32.5) < 0.001

  RBG (mg/dL) (n:26246) 112.1 (45.2) 120.5 (56.6) 112.3 (45.6) 0.017

  Total-Cholesterol (mg/dL) 181.3 (39.9) 191.7 (44.6) 181.6 (40.1) < 0.001

  LDL-Cholesterol (mg/dL) 122.0 (33.9) 129.4 (37.3) 122.3 (34.1) < 0.001

  HDL-Cholesterol (mg/dL) 48.1 (11.3) 47.6 (11.8) 48.1 (11).3 0.185
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Prevalence of modifiable risk factors by sex
The prevalence of a majority of risk factors, including 
a low physical activity level, the presence of mental-
emotional disorders, obesity, a high WC, a high WtHR, 
hypertension, diabetes, a high total cholesterol level, and 
a high LDL cholesterol level, were significantly higher 
in women than in men. On the other hand, smoking, a 
high-risk diet and a low HDL cholesterol level were more 
common among men. Furthermore there was a nota-
ble difference in smoking prevalence when comparing 
women and men (PR: 0.04, 95% CI 0.03–0.05, p < 0.001). 
A high WC was more common in women than in men 
(PR: 2.92, 95% CI 2.79–3.01, p < 0.001). There were no sig-
nificant differences in fruit and vegetable consumption 
between the sexes (PR:1.00, 95%CI 0.99–1.01, p = 0.960). 
Information regarding the prevalence ratios of modifiable 
risk factors by sex is shown in Fig. 3.

Multiple CVDs risk factor co‑occurrences
Co-occurrence of risk factor in participants was pre-
sented with the cumulative number of CVDs risk factor 
in Fig. 4. Out of eight risk factors included in the calcu-
lation, the median number of multiple risk factors co-
occurrence for participants with and without prior CVDs 
were 3 and 2 risk factors, respectively. Only 3.3% of the 
overall participants had no modifiable risk factors, while 
18.9% of the participants without CVDs and 36.4% of 
the participants with CVDs had at least 4 modifiable risk 

factors. The percentage distribution of co-occurrence of 
multiple risk factors also differed between sex and age 
groups.

Discussion
The majority of the adult population in Indonesia had 
modifiable cardiovascular risk factors, with 80% hav-
ing two or more risk factors, independent of the pres-
ence of prior CVDs. There were substantial differences 
in the modifiable risk factor prevalence between men 
and women. These results highlight the importance of 
improvements in cardiovascular risk management in 
patients with and without CVDs. In addition, a differ-
ential approach to risk factor management based on sex 
seems warranted. The overall prevalence of CVDs in the 
current study was lower than that in the Global Burden 
of Disease (GBD) Study 2019 (5.3%) [5]⁠, this was most 
likely due to self-reporting and only CHD and stroke 
were included in the current study.

Modifiable risk factors in the Indonesian adult population
Tobacco smoking contributes to almost 50% of cardiovas-
cular-related deaths in the Southeast Asian region [23]⁠. 
In the current study, 29.6% of adults were active smok-
ers, and this proportion was higher than the global aver-
age [24]⁠. Althought a study by Yusuf et.al showed that 
among behavioral risk factors, tobacco smoking was the 
most strongly associated with the occurrence of CVDs 

Fig. 1  Prevalence of Cardiovascular Diseases (CHD and Stroke) By Sex and Age Group. Dark blue color represents the prevalence of risk factors 
in men, while light blue color represents the prevalence of risk factors among women. Horizontal axis is age groups in 10-year intervals. The 
prevalence presented in weighted percentage (%)
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[25]⁠, our study indicated that 20% of participants with 
a prior CVDs diagnosis were still active smokers, The 
prevalence of smoking was extremely high in men (64.7% 
vs. 2.8% in women) and there was no significant change 
from 2013 in both sexes [26]⁠. A study by Marie Ng et.al 
showed an average of cigarette consumption in Indonesia 
was 11 sticks per day, which was lower than global aver-
age of 18 sticks per day [27]⁠. The distribution of tobacco 
smoking between men and women in the current study is 
commonly found in the Southeast-Asian populations but 
differs from the western population where the number of 
smoking women almost as high as in men [24]⁠. Despite of 
national efforts to reduce tobacco consumption, smoking 
remains a major risk factor for CVDs in Indonesia.

Many studies have shown that an unhealthy diet 
(high-risk food intake or inadequate fruit and vegetable 
consumption) is associated with an increased risk of car-
diovascular events [28]⁠. We found that in Indonesia, a 
high proportion of participants consumed high-risk food 

and had inadequate fruit and vegetable consumption, 
independent of the presence of CVDs. This is in line with 
the result of other studies that found the majority of the 
population still consumes less fruit and vegetables than 
recommended by the standard [29, 30]⁠.

There is a clear association between adequate physical 
activity with better cardiovascular health and diabetes 
in which lifestyle interventions based on physical activ-
ity are promoted for both primary and secondary care 
[31]⁠. However, our analyses demonstrated a significant 
difference in physical activity level between participants 
with and without CVDs, approximately 6 out of 10 par-
ticipants with known CVDs diagnosis had a low physical 
activity level according to the WHO standard. Although 
the prevalence of an inadequate physical activity level 
was lower in participants without CVDs in our study, 
it was still much higher than other East and Southeast 
Asian countries [32]⁠. Several factors might influence the 
physical activity level. In Indonesia, rapid urbanisation, 

Fig. 2  Prevalence of modifiable risk factors by prior CVDs diagnosis. Modifiable risk factors were differentiated into three categories (behavior risk 
factors, anthropometric risk factors, and blood-related risk factors); estimated prevalences for with and without prior CVDs diagnosis are presented 
in percentage (%), Poisson regression with robust covariance estimator was performed to calculate prevalence ratio adjusted for age and sex with 
95% CI and statistical significance of the prevalence ratios. P-values less than 0.05 were considered statistically significant. CVDs:cardiovascular 
disease; CI:convidence interval; PR:prevalence ratio; BMI:body mass index; WC:waist circumference; WHtR:waist to height ratio; LDL: low-density 
lipoprotein cholesterol; HDL:high-density lipoprotein cholesterol
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economic development, and technology advancement, 
particularly transportation creating an environment 
conducive to sedentary behavior and physical inactivity, 
might partly explain the situation.

Mental and emotional disorders were more preva-
lent in participants with a prior CVDs diagnosis and 
more common among women than men; our finding 
was in line with those of other studies [33]. The under-
lying reason for the variation in the presence of mental 
and emotional disorders between sexes remains unclear. 
Associations of anxiety, stress, and depressive disor-
der with an increased risk of CVDs have been shown 
in healthy and pre-existing CVDs populations [34] ⁠. 
Although not included in our analysis, disease risk per-
ception is an important risk factor worth mentioning. 
According to studies from Indonesia, people who have 
a higher disease perception positively correlated with 
better cardiovascular health behavior and medication 
adherence for those who have already developed risk 

factors and have been diagnosed with CVDs [35, 36] ⁠. 
Thus, understanding a person’s perception of a disease 
is essential for health professionals when planning and 
delivering prevention and treatment strategies. The high 
prevalence of mental and emotional disorders among 
participants in our study, especially in the manifested 
CVDs population, may suggest that improving knowl-
edge and disease perception, creating awareness, and 
addressing mental problems among CVDs patients by 
health care services would be beneficial [37] ⁠.

Anthropometric measurements for body fat dis-
tribution, including BMI, WC, and WtHR, are good 
predictors of cardiovascular health and the risk of car-
diovascular events [38, 39] ⁠. Obese, a high WC, and a 
high WtHR were common in participants with a prior 
CVDs diagnosis and consistently high among women. 
Our findings agree with those of other studies [40–42] ⁠. 
Complex hormonal and metabolic fluctuations in their 
life course combined with unhealthy lifestyles, including 

Fig. 3  Prevalence of modifiable risk factors by sex. Modifiable risk factors were differentiated into three categories (behavior risk factors, 
anthropometric risk factors, and blood-related risk factors); estimated prevalences for men and women are presented in percentage (%), Poisson 
regression with robust covariance estimator was performed to calculate prevalence ratio adjusted for age and prior CVDs status with 95% CI 
and statistical significance of the prevalence ratios. P-values less than 0.05 were considered statistically significant. CVDs:cardiovascular disease; 
CI:convidence interval; PR:prevalence ratio; BMI:body mass index; WC:waist circumference; WHtR:waist to height ratio; LDL: low-density lipoprotein 
cholesterol; HDL:high-density lipoprotein cholesterol
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a low physical activity level and an unhealthy diet, are 
possible explanations for why women have a higher risk 
of anthropometric indices than men [43] ⁠.

The prevalence of major risk factors, namely hyper-
tension, diabetes, and hyperlipidemia, in the current 
study, were higher than those in the previous Riskesdas 
in 2013 [26] ⁠. Furthermore, excluding a low HDL cho-
lesterol level, we found these risk factors significantly 
more prevalent in the prior CVDs group and in women. 
Our findings differed from the global pattern, in which 
the prevalence of hypertension, diabetes, and cho-
lesterol were higher among men [2] ⁠. Two methods of 
estimating hypertension and diabetes prevalence were 
used in the Riskesdas study, firstly, estimation of preva-
lence based on the participants’ self-reporting of physi-
cian diagnosis, secondly, with direct blood pressure and 
blood glucose level measurement during a house visit. 
A significant prevalence discrepancies between both 
methods where self-reported assessment shows lower 

estimates than direct measurements indicate a missed 
opportunity for diagnosis among this population.

The present study explored the co-occurrence of 
multiple CVDs risk factors (also known as risk factors 
clustering) in the Indonesian adult population. Our 
study demonstrated that the co-occurrence of multiple 
risk factors is highly prevalent. Approximately 1 out of 
5 adults have at least four risk factors of CVDs, even 
higher in the manifested CVDs group and older group 
(> 55 years) and slightly higher in men. The risk factors 
clustering pattern in Indonesia seems comparable to 
other studies [9, 44, 45] ⁠. Risk factors for CVDs are typi-
cally clustered in an individual due to the inter-correla-
tion of risk factors with each other. Unhealthy lifestyles 
and behavior are known to be associated with increased 
risk of metabolic syndrome, including hypertension, 
dyslipidemia and diabetes which eventually increases 
the likelihood of developing CVDs.

Fig. 4  Cumulative number of risk factors among adult by cardiovascular disease (CVDs) diagnosis, sex and age. The cumulative number of CVDs risk 
factors selected for the calculation are current smokers, high-risk food diets, low physical activity, mental-emotional disorder, high waist to height 
ratio (WHtR), high blood pressure or hypertension, diabetes, and high low-density lipoprotein (LDL). The horizontal axis represents the percentage 
of participants in the study, while the vertical axis represents a group of participants by sex (men and women) and by age groups(< 55 years 
and ≥ 55 years); graduated colors are representing the number of experienced risk factors which differentiated into 5 category
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In Indonesia, several initiatives have been implemented 
to reduce the burden of CVDs [46]⁠. Screening for NCD 
risk factors through the Posbindu, comprehensive train-
ing on screening and managing NCD risks for health pro-
fessionals and health volunteers, implementing tobacco 
control measures, and strengthening the capacity of the 
Puskesmas for prevention and control are several exam-
ples of nationwide efforts to reduce the disease burden 
[46]⁠. Nevertheless, as the current study highlights, the 
prevalence of modifiable risk factors for CVDs remains 
high. A study conducted by Maharani and Tampubolon 
[47]⁠ demonstrated that the high prevalence of modifiable 
risk factors for CVDs in Indonesia is due to unmet needs 
for care and is strongly correlated with socioeconomic 
factors. The Indonesian government introduced the 
National Healthcare Insurance program (Jaminan Kes-
ehatan Nasional or JKN) in 2014 to ensure the availabil-
ity of medication for primary and secondary prevention 
and adequate access to quality health services, including 
CVDs care [48]⁠.

Despite numerous efforts to reduce the burden of 
CVDs and their risk factors, limited analyses of these 
efforts have considered population heterogeneity [49]⁠. 
Future research and prevention strategies for CVDs in 
Southeast Asia, particularly Indonesia, should consider 
the broad range of risk factors, the heterogeneity of the 
population, and the co-occurrences of multiple risk 
factors.

Strengths and limitations of the study
To the best of our knowledge, this study is the first to 
investigate the estimated prevalence of modifiable risk 
factors in participants with and without CVDs using rep-
resentative Indonesian national-level data. Furthermore, 
the large sample size provided sufficient power to calcu-
late the prevalence of risk factors to represent national 
estimates. Several important limitations were identi-
fied, including the self-reporting of CVDs diagnosis and 
excluding peripheral artery disease, potentially leading 
to an underestimation of the prevalence of CVDs. A self-
reported assessment, especially in behavioral risk factors, 
may introduce recall bias that possibly hinders our find-
ings. As participants tend to overestimate exercise and 
underestimate food intake, our findings may thus be an 
underestimation of the already high prevalence of car-
diovascular risk factors in this population. Future studies 
could include specific food and exercise recall forms to 
limit this bias.

Moreover, the smoking quantity was also not available 
from our data, thus preventing us from further analyz-
ing the amount of tobacco consumption patterns. There 
was only a 77.7% response rate among the targeted par-
ticipants for blood examination; this may have led to 

sampling bias which could affect the accuracy of the 
prevalence estimation. Furthermore, the study did not 
include other known risk factors, such as excessive alco-
hol consumption, household indoor air pollution, family 
history of CVDs, ethnicity, or perceived risk and aware-
ness of the disease.

Conclusions
Independent of the presence of prior CVDs, the major-
ity of the adult population in Indonesia has at least two 
modifiable cardiovascular risk factors. Furthermore, the 
prevalence of modifiable risk factors differed significantly 
between men and women. These findings highlight the 
importance of addressing the risk factor variation and 
developing a differential and comprehensive approach 
to risk factor control based on sex and the co-occur-
rence of multiple risk factors in primary and secondary 
prevention populations to reduce the CVDs burden in 
Indonesia.
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