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ARTICLE INFO  ABSTRACT 
Non-communicable Diseases (NCDs) such as hypertension, 
stroke, diabetes mellitus, and heart disease are major causes of 
morbidity and mortality in Indonesia. Community behaviors, 
including smoking, low physical activity, and unhealthy diets, 
significantly influence NCD incidence. To analyze associations 
between behavioral risk factors (daily smoking, physical 
inactivity, consumption of sugary foods and drinks, salty foods, 
fatty foods, soft drinks, and inadequate fruit intake) and the 
prevalence of NCDs, and to classify regions based on risk factors 
and disease prevalence. A cross-sectional study was conducted 
using secondary data from the 2023 Indonesian Health Survey 
(IHS), encompassing 345,000 households across 39 provinces. 
The Ministry of Health collected the data through standardized 
interviews and health examinations conducted by trained 
surveyors. Data analysis employed descriptive statistics, Pearson 
correlation, and K-Means Clustering. Daily smoking correlated 
positively with hypertension, stroke, and diabetes. Fatty food 
consumption showed strong positive associations with the same 
diseases (r = 0.45–0.48, p < 0.01). Soft drink consumption 
demonstrated a significant negative correlation, especially with 
stroke (r = -0.66, p < 0.001). Hypertension (7.2%) and stroke 
(7.1%) were more prevalent than diabetes (2.0%) and heart 
disease (0.76%). North Maluku showed the highest behavioral 
risks, Bali the lowest. DI Yogyakarta and DKI Jakarta had the 
highest NCD prevalence, while the Papua Mountains had the 
lowest. K-Means clustering grouped provinces into low, medium, 
and high-risk clusters. Community behaviors, particularly 
smoking and fatty food intake, significantly affect NCD prevalence. 
Public health programs should target smoking cessation, healthy 
diet promotion, and increased physical activity to reduce the NCD 
burden. 

Article History: 
Received Jul, 16th, 2025 
Accepted Sep, 16th, 2025 
Published online Sep, 30th, 2025 
 

 

Keywords:  
Community Health Behavior;  
Indonesia;  
Noncommunicable Diseases; 
Risk Factors; 
 

 

  

http://journal.unhas.ac.id/index.php/mkmi/


226 of 235 Hanif Pandu Suhito, et al | MKMI | 21(3) | 2025 | 225-235 

 

 
 

INTRODUCTION 

Non-communicable Diseases (NCDs) are a 
significant public health challenge in many coun-
tries, including Indonesia. According to the 
World Health Organization (WHO), NCDs such as 
hypertension, stroke, diabetes mellitus and 
heart disease contribute to more than 70% of 
global deaths each year.1 In Indonesia, the trend 
of NCD prevalence continues to increase, result-
ing in a huge economic burden to the health sys-
tem as well as a decrease in the quality of life of 
affected individuals. The significant increase in 
NCD cases is expected to make the burden even 
greater on society and the government, as han-
dling them is costly and requires high tech-
nology.2 

Smoking, physical inactivity, and an un-
healthy diet have been identified as major risk 
factors in numerous epidemiological studies.3 
Smoking, for example, is a major cause of various 
cardiovascular and respiratory complications, 
while consumption of a high-fat, low-fiber diet is 
associated with increased cholesterol levels and 
obesity risk. On the other hand, physical in-
activity has also been linked to insulin resistance 
and high blood pressure. 

     Some national health survey-based studies, 
such as the 2023 Indonesian Health Survey 
(IHS), provide comprehensive data on people’s 
behavior patterns and NCD incidence at the 
provincial level. These data-driven analyses 
provide insights into the distribution of risk 
factors across regions and assist in designing 
more effective public health interventions.4 

This study aims to gain insight into patterns 
of NCD cases and people’s unhealthy behaviors 
and explore the relationship between the latter 
and NCD prevalence in Indonesia. Furthermore, 
it attempts to identify patterns that can help in 
risk mitigation strategies for NCD cases. A 
machine-learning clustering approach was also 
used to classify provinces based on their level of 
risk factors and NCD cases. In turn, this can help 
formulate more focused health policies. By 
understanding these risk patterns, this study is 
expected to provide a scientific basis for the 
government and policymakers to develop better 
targeted NCD prevention and control strategies. 

 
 

MATERIAL AND METHOD 

Study Design 
     This study used a cross-sectional study design 
with the data it utilized being secondary data 
from the 2023 IHS managed by the Ministry of 
Health of the Republic of Indonesia. The IHS 
collected data from January to December 2023 
through standardized interviews and health 
checks performed by trained health workers. 
The current study did not collect data directly 
from participants but analyzed the publicly 
available dataset. All 39 provinces in Indonesia 
were included to ensure national represen-
tativeness and comprehensive coverage of re-
gional variations in behavioral risk factors and 
NCD prevalence. 

Data Sources 

     The data were obtained from the official 2023 
IHS, accessible at layanandata.kemkes.go.id, 
which the authors accessed on March 5, 2025. 
This study analyzed a subset of variables 
relevant to NCD risk factors and outcomes, in-
cluding daily smoking, physical inactivity, 
consumption of sugary foods and drinks, salty 
foods, fatty foods, soft drinks, low fruit intake, 
and NCD cases (hypertension, stroke, diabetes 
mellitus, and heart disease). All variables were 
measured using standardized methods validated 
by the Indonesian Ministry of Health. As this 
study used secondary data, the authors did not 
collect data directly from respondents. Sex and 
gender information were not available in the 
dataset; therefore, no sex or gender-based anal-
yses were conducted. 

Sample Size and Sampling 

     The 2023 IHS dataset included 345,000 
households, covering all 39 provinces of 
Indonesia. This study utilized the entire dataset 
to ensure national representativeness. Minimum 
sample size for the primary variable of interest, 
hypertension, was calculated based on a 95% co-
nfidence level, an expected prevalence of 7.28%, 
and a 5% margin of error, resulting in a mini-
mum requirement of approximately 104 re-
spondents. The IHS dataset far exceeded this 
number, ensuring sufficient statistical power for 
all analyses. The IHS employed a stratified sam-
pling design at both census block and household 
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levels, with explicit stratification for urban and 
rural areas. Households with incomplete in-
formation on the primary variables of interest 
were excluded from the analysis. Inclusion 
criteria consisted of all individuals aged ≥10 
years with complete data on NCD outcomes and 
behavioral risk factors. 

Data Collection 

     Although SKI 2023 collected a wide range of 
indicators, this study specifically analyzed be-
havioral risk factors and NCD outcomes. Be-
havioral variables included daily smoking, 
physical inactivity, and the consumption of 
sweet foods and drinks, salty foods, fatty foods, 
soft drinks, and low intake of vegetables and 
fruits. Smoking activity was defined as daily use 
of tobacco products (yes/no). Physical inactivity 
was defined as engaging in less than 150 
minutes of moderate-to-vigorous physical activ-
ity per week. Food and beverage consumption 
was measured based on daily frequency. NCD 
outcomes included hypertension, stroke, dia-
betes mellitus, and heart disease, defined as 
cases diagnosed by a physician and recorded in 
the IHS dataset. 

Variables 

     The variables in this study consisted of 
independent and dependent variables. The 
former included risk behavior factors in the 
community, such as (i) smoking, (ii) physical 
inactivity, (iii) consumption of sweet foods, (iv) 
consumption of sweet drinks, (v) consumption 
of salty foods, (vi) consumption of fatty foods, 
(vii) consumption of soft drinks, and (ix) low 
fruit intake. Meanwhile, the latter was NCD 
cases, which covered such cases as hyper-
tension, stroke, diabetes mellitus, and heart 
disease. 

 

Data Analysis 

     Data were analyzed using IBM SPSS Statistics 
for Windows, version 26.0 (IBM Corp., Armonk, 
NY, USA). Univariate analysis summarized both 
dependent and independent variables. Asso-
ciations between behavioral risk factors and 
NCD outcomes were assessed using pearson 
correlation analysis. K-Means clustering was 
used to categorize provinces based on risk fac-
tors and NCD prevalence, with the optimal 
number of clusters determined using the elbow 
method based on within-cluster sum of squares. 
A significance threshold of p < 0.05 was applied. 
The STROBE guidelines were followed for 
reporting observational study results, but they 
were not part of the data analysis process.5 

Ethical Consideration 

     This study fully used secondary data that had 
been published to the public at 
layanandata.kemkes.go.id page in the data 
catalog and had received ethical approval 
number LB.02.01/I/KE/L/287/2023 from the 
Health Research Ethics Committee of Health 
Polytechnics Jakarta II of the Ministry of Health 
of the Republic of Indonesia. 

RESULTS      

     The highest average prevalence of NCDs in 
Indonesia was observed in DKI Jakarta, with 
hypertension at 12.6%, stroke at 10.7%, and 
diabetes mellitus at 3.9%. DI Yogyakarta had the 
highest prevalence of heart disease at 1.67% and 
stroke at 11.4%. Central Papua and the Papua 
Mountains had the lowest prevalence of NCDs, 
including hypertension, stroke, and diabetes 
mellitus. North Maluku had the highest average 
behavioral risk factors among provinces. Bali 
had the lowest average behavioral risk factors. 

 

 
 

 
Source: Processed from IHS, Ministry of Health, 2023 Source: Processed from IHS, Ministry of Health, 2023 
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Figure 1. Spatial Analysis of NCDs Rates Based in Indonesia 
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Figure 2. Spatial Analysis of Risk Behavior Rates in Indonesia

     The comparison of several variables between 
risk behavior and NCD cases revealed that 
provinces with high risk factors did not always 
have the highest disease cases. North Maluku, for 
example, had the highest risk factors, yet it had 
relatively low disease cases. DKI Jakarta and DI 
Yogyakarta, on the other hand, had the highest 
cases of diseases even though their risk factors 
were not the highest. An interesting fact was that 
Papua Mountains had both low risk factors and 
low disease cases. 
     The people’s behavior-related variables in 
this survey were found to contribute to the risk 
of NCDs. Frequent smoking activity on a daily 
basis in the population aged ≥10 years old 
reached an average of 19.92%. Physical in-
activity showed an average value of 43.31%, 
meaning that almost half the population had low 
physical activity. The mean value of con-
sumption of sugary foods ≥1 time per day was 
34.41%. The average consumption of sugary 
drinks ≥1 time per day of 45.71% was the most 
dominant lifestyle behavior. For consumption of 
salty foods ≥1 time per day, the average was 
23.61%, with variations being close to the 

median value. Consumption of fatty (choles-
terol) foods ≥1 time per day was found, on 
average, at 27.04%. This indicated a significant 
fat intake. The average consumption of soft 
drinks ≥1 time per day at 3.58% was the lowest 
among other lifestyle behaviors. Finally, the low 
fruit and vegetable intakes showed an average 
value of 14.23% (Table 1). 
     Analysis of the NCD case variables showed 
that hypertension had an average prevalence of 
7.28%, with a range from 2.2% to 12.6%. The 
95% confidence interval of 6.55%-8.02% sug-
gested that hypertension was quite common in 
most provinces. Stroke also had a fairly high 
prevalence, averaging 7.07% with a range of 
0.9% to 11.4%, 95% confidence interval of 
6.31% to 7.82%. Meanwhile, diabetes mellitus 
had a lower average prevalence of 1.92%, at a 
range of 0.2% to 3.9% and a 95% confidence 
interval of 1.69%-2.15%. Heart disease recorded 
the lowest prevalence among the four diseases, 
averaging 0.73% with a range of 0.11% to 
1.67%, and a 95% confidence interval of 0.61% 
to 0.84% (Table 1). 

Table 1. Descriptive Analysis of Risk Behaviors and NCD Cases 
Community Behavior Variables Mean SD 95% CI 

Daily smoking activity (Age ≥10 Years) 19.92 3.87 18.69, 21.15 
Physical inactivity 43.31 8.06 40.74, 45.87 
Consumption of sweets ≥1 time per day 34.41 6.65 32.3, 36.53 
Consumption of sugary drinks ≥1 time per day 45.71 7.64 43.28, 48.14 
Salty food consumption ≥1 times per day 23.61 8.64 20.86, 26.35 
Fatty/cholesterol consumption ≥1 time per day 27.04 10.57 23.68, 30.4 
Soft drink consumption ≥1 time per day 3.58 2.02 2.94, 4.23 
Not eating fruits & vegetables 14.23 5.73 12.41, 16.05 
Hypertension 7.28 2.31 6.55, 8.02 
Stroke (Age ≥ 15) 7.07 2.38 6.31, 7.82 
Diabetes Mellitus (DM) 1.92 0.73 1.69, 2.15 
Disease 0.73 0.35 0.61, 0.84 
Source: Processed from Indonesian Health Survey (IHS), Ministry of Health, 2023  
Note: Mean values represent the percentage of respondents reporting each behavior or NCD outcome. SD = Standard deviation; 95% CI = 95% 
confidence interval. 

Source: Processed from IHS, Ministry of Health, 2023 
 

Source: Processed from IHS, Ministry of Health, 2023 
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     Pearson correlation analysis between 
behavioral risk factors and NCD prevalence 
revealed the following: daily smoking was pos-
itively correlated with hypertension (r=0.38, 
p=0.019), stroke (r=0.48, p=0.002), and diabetes 
mellitus (r=0.33, p=0.046), but not significantly 
correlated with heart disease (p=0.724). Phys-
ical inactivity showed non-significant negative 
correlations with all NCDs (p > 0.05). Consump-
tion of sugary foods and drinks had no signifi-
cant associations with NCDs. Salty food con-
sumption showed positive but non-significant 
correlations with hypertension (r=0.20, 
p=0.230) and stroke (r=0.19, p=0.261). Fatty 
food consumption was strongly correlated with 
hypertension (r=0.45, p=0.005), stroke (r=0.48, 
p=0.002), and DM (r=0.46, p=0.004), and moder-
ately associated with heart disease (r=0.28, 
p=0.090). Soft drink consumption showed neg-
ative correlations with NCDs, strongest for 
stroke (r=-0.66, p<0.001) and DM (r=-0.62, 
p<0.001). Low fruit and vegetable intake had 
negative correlations with DM (r=-0.32, 
p=0.047) and heart disease (r=-0.35, p=0.033) 
(Table 2). 

     Using the Elbow method analysis, up to 5 
clusters were tested to get the optimal inertia 
value. The inertia values for 1, 2, 3, 4, and 5 
clusters were 15, 444.05 (k=1), 10,789.79 (k=2), 
8,709.71 (k=3), 7,616.07 (k=4), and 6,953.00 
(k=5) respectively. From the pattern of inertia 
values above, it could be seen that after getting 
to 3 clusters (k=3) the decrease in inertia started 

to slow down. On one hand, if we choose k = 2, 
we still lose the pattern of variation that 
clustering could capture. If we chose k = 4 or 
more, we started to get less significant results in 
inertia reduction. Thus, choosing 3 clusters (k = 
3) was the wisest decision since it would allow 
us to get a balance between keeping the main 
patterns in the data without making the model 
too complicated (Table 3). 

     Based on the results of K-Means clustering, 
provinces were grouped into 3 clusters as per 
the patterns of risk behavior factors and NCD 
prevalence. The three clusters were cluster 0, 1, 
and 2. Cluster 0 (medium-risk one) was a mix-
ture of healthy and risky patterns. Cluster 1 
(low-risk one) was a healthy lifestyle and a low 
NCD prevalence pattern moreover cluster 2 
(high-risk one) was a pattern of risky behavior 
and high NCD prevalence (Table 3). 

     In cluster 0, we had Aceh, North Sumatra, 
West Sumatra, Riau, Jambi, Bangka Belitung, 
Riau Islands, Bali, NTB, NTT, West Kalimantan, 
North Sulawesi, Central Sulawesi, Southeast 
Sulawesi, Papua, South Papua, Central Papua, 
and Papua Mountains. In cluster 1, we had South 
Sumatra, Bengkulu, Lampung, DKI Jakarta, 
Central Kalimantan, South Kalimantan, East 
Kalimantan, North Kalimantan, South Sulawesi, 
Gorontalo, West Sulawesi, Maluku, North 
Maluku, West Papua, and Southwest Papua. 
Finally, in cluster 2 we had West Java, Central 
Java, DI Yogyakarta, East Java, and Banten (Table 
3). 

Table 2. Analysis of The Relationship Between Risk Behavior Factors and NCD Cases 

Behavioral Variables 
Hypertension Stroke DM Heart Disease 
(r, r², p-value) (r, r², p-value) (r, r², p-value) (r, r², p-value) 

Smoking Every Day 0.38, 0.14, 0.019 0.48, 0.23, 0.002 0.33, 0.11, 0.046 -0.06, 0.00, 0.724 
Less Physical Activity -0.26, 0.07, 0.114 -0.32, 0.10, 0.053 -0.21, 0.04, 0.216 -0.04, 0.00, 0.830 
Sugary Food Consumption ≥1/day -0.11, 0.01, 0.494 -0.02, 0.00, 0.887 -0.21, 0.04, 0.206 -0.14, 0.02, 0.391 
Sugary Drink Consumption ≥1/day 0.06, 0.00, 0.722 0.13, 0.02, 0.440 -0.03, 0.00, 0.837 -0.16, 0.03, 0.340 
Salty Food Consumption ≥1/day 0.20, 0.04, 0.230 0.19, 0.03, 0.261 0.15, 0.02, 0.356 0.11, 0.01, 0.528 
Fatty Food Consumption ≥1/day 0.45, 0.20, 0.005 0.48, 0.23, 0.002 0.46, 0.21, 0.004 0.28, 0.08, 0.090 
Soft drink consumption ≥1/day -0.61, 0.37, 0.000 -0.66, 0.44, 0.000 -0.62, 0.39, 0.000 -0.43, 0.18, 0.008 
Not Eating Fruits & Vegetables -0.28, 0.08, 0.091 -0.31, 0.09, 0.062 -0.32, 0.10, 0.047 -0.35, 0.12, 0.033 
Source: Processed from Indonesian Health Survey (IHS), Ministry of Health, 2023 
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Table 3a. Provincial Clustering Results Based on Risk Behavior Factors and NCD Cases 

Province 
Daily 

Smoking  
(%) 

Less 
Physical 
Activity  

(%) 

Consumption 
of Sweets 

(%) 

Consumption 
of Sugary 

Drinks 
(%) 

Consumpti
on of Salty 

Foods 
(%) 

Consumption 
of Fatty Foods 

(%) 

Soft 
Drink 

Consump
tion 
(%) 

Not Eating 
Fruits & 

Vegetables  
(%) 

Prevalence of 
Hypertension 

(%) 

Stroke 
Prevalence 

(%) 

Diabetes 
Prevalence 

(%) 

Heart 
Disease 

Prevalence 
(%) 

Cluster 
(%) 

Aceh 20 47.5 38 48.4 17.6 20 2.5 18 7.9 8.8 2.2 0.77 0 
North 
Sumatra 

18.7 47.6 30.1 43.7 19.2 20 2.6 10.6 4.3 6.6 1.9 0.6 0 

West Sumatra 24.6 34.6 35.1 48.4 14.7 27.2 2.3 18.4 7.1 8.8 1.6 0.87 0 

Riau 20.9 41.2 31.4 46.5 24.1 21.7 3.1 14.9 6.8 7.7 2.1 0.53 0 
Jambi 16.8 50.8 31.5 42.1 27.1 18.4 2 17.9 5.3 5 1.3 0.47 0 
South 
Sumatra 

22.1 35.3 36.6 53.3 33.3 28.6 2.6 14 7.2 6.3 1.6 0.58 1 

Bengkulu 23.5 35.1 30.4 42.2 36 22.5 3.3 21.6 6.9 6 1.4 0.63 1 
Lampung 25.3 42.6 34.8 49.6 30.4 33.6 3.2 5 7.4 7.9 1.6 0.58 1 
Bangka 
Belitung 

20.8 46.9 25.5 33.8 14.2 12.3 2.3 12.9 8.8 9.5 2.8 0.87 0 

Riau Islands 20.2 49.8 27.7 37.3 18 21.9 2.1 8.1 7.3 8.9 2.1 0.91 0 

DKI Jakarta 19.1 55.7 31.3 45.3 26.9 35.7 1.5 10.9 12.6 10.7 3.9 1.56 1 

West Java 27 33.7 38.3 48.9 46.5 51.1 2.6 15.4 9.9 10 2.2 1.18 2 
Central Java 23.6 30.4 36.5 60.3 39.1 54.2 1.6 5.1 6.9 8.4 2.3 0.79 2 

DIY 19.2 29.3 35.7 57.9 31.6 46.4 1.3 6.8 12.3 11.4 3.6 1.67 2 
East Java 22.8 27.8 24.7 41.4 28 42.6 1.3 7.4 8 9 2.7 0.88 2 
Banten 24.4 40 22.6 44.3 33.9 41.2 2.4 15.8 9.5 7.3 2.5 0.78 2 
Bali 16 32.4 18.8 19.2 11 17.7 1.7 6.2 7.7 6.2 2.1 1 0 
NTB 27.7 41.7 29.9 38.9 13.3 32 2.7 10.7 6.8 6.6 1.8 0.49 0 
NTT 18.7 34.3 28.9 44.8 11.6 12.2 3.4 10.3 6.3 5.9 1 0.44 0 
West 
Kalimantan 

19.6 39.6 33.3 45 26.2 12.2 2.4 10 7.6 7.4 1.7 0.55 0 

Central 
Kalimantan 

19.1 54.2 39.7 52.2 25.8 23.2 2 23 7.9 6.3 1.8 0.54 1 

South 
Kalimantan 

16.5 42.8 52 60 29.1 27.6 2.6 14.6 8.2 9.5 1.9 0.66 1 

East 
Kalimantan 

18.3 42.9 33.4 42.5 24.4 29.6 2.9 9.2 11.1 10 3.1 1.08 1 

North 
Kalimantan 

16.5 53.2 39 51 33.2 24.3 2.4 11.2 7.2 5.9 2 0.95 1 

North 
Sulawesi 

19 53.2 35.1 44.1 13.3 29.7 3.8 14.9 12.1 11.3 2.7 0.82 0 



232 of 235 Hanif Pandu Suhito, et al | MKMI | 21(3) | 2025 | 225-235 

 

 
 

Table 3b. Provincial Clustering Results Based on Risk Behavior Factors and NCD Cases 

Province 
Daily 

Smoking  
(%) 

Less 
Physical 
Activity  

(%) 

Consumption 
of Sweets 

(%) 

Consumption 
of Sugary 

Drinks 
(%) 

Consumpti
on of Salty 

Foods 
(%) 

Consumption 
of Fatty Foods 

(%) 

Soft 
Drink 

Consump
tion 
(%) 

Not Eating 
Fruits & 

Vegetables  
(%) 

Prevalence of 
Hypertension 

(%) 

Stroke 
Prevalence 

(%) 

Diabetes 
Prevalence 

(%) 

Heart 
Disease 

Prevalence 
(%) 

Cluster 
(%) 

Central 
Sulawesi 

23.1 38.7 35.2 42.9 18.8 24.7 4.7 20.7 8.3 7.5 2.2 0.65 0 

South 
Sulawesi 

20.6 39.6 39.5 46.5 23.1 25.4 3.5 15.7 6.7 7.9 2 0.69 1 

Southeast 
Sulawesi 

17.5 44.6 40.4 43 19.2 21.3 5.2 21.1 5.3 6.6 1.6 0.51 0 

Gorontalo 22.3 42.7 34.1 40.7 19.9 37.4 4.8 20.7 8.2 8 2.3 0.6 1 
West 
Sulawesi 

20.1 43.4 42 49 28 28.3 3.5 14.2 6.5 4.8 1.4 0.37 1 

Maluku 18.6 52 41.1 50.6 17.8 23.8 6.1 22.5 4.3 5 0.9 0.44 1 
North 
Maluku 

19 52.6 48.5 54 37.2 39.6 10 26.4 4.4 4.5 1.2 0.27 1 

West Papua 15.6 45.1 42.1 52.4 22.3 28 6.2 10.5 5.9 4.8 1.4 0.51 1 
Southwest 
Papua 

18.2 45.1 37.6 49.8 18.3 28.4 5.6 7.6 5.8 6.6 1.3 0.51 1 

Papua 16.3 38.5 35.7 47 14.2 17.8 4.9 10.7 7 3.7 1.8 0.68 0 
South Papua 24.9 50.1 28 40.2 14.7 19.9 5.4 25.5 6.2 4.8 1.8 0.38 0 
Central 
Papua 

10.3 62 35.6 33 14.5 12.9 6.8 16.8 2.9 2 0.9 1.65 0 

Papua 
Pegunungan 

10 48.6 27.6 46.8 20.5 14.2 8.9 15.5 2.2 0.9 0.2 0.11 0 

Source : Processed from Indonesian Health Survey (IHS), Ministry of Health, 2023 
Note : All behavioral and disease variables are presented as percentages of respondents or prevalence in the province.  

  Cluster indicates the group assigned by K-Means analysis (0 = Medium-risk, 1 = Low-risk, 2 = High-risk). 
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DISCUSSION  

     The various analyses showed that provinces 
with high smoking rates tended to have a higher 
prevalence of hypertension. This finding con-
firmed the research by Leone (2011) who found 
that smoking was a significant risk factor for 
hypertension.6 Meanwhile, provinces with low 
physical activity had higher stroke cases. This 
was in line with Börjesson et al. (2016)7 who 
suggested that consumption of sugary drinks 
and low physical activity were the most domi-
nant behavioral characteristics in stroke pa-
tients. However, hypertensive disease and 
stroke had a higher prevalence than diabetes 
mellitus and heart disease in these provinces. 

     The results showed that risky behaviors had a 
significant correlation with the incidence of non-
communicable diseases (NCDs). Daily smoking 
was significantly and positively correlated with 
hypertension, stroke, and diabetes (p-value < 
0.05). This suggested that smoking could 
increase the risk of NCDs.8 Consumption of fatty 
foods also showed a strong positive correlation 
with hypertension, stroke, and diabetes (r 
ranging from 0.45-0.48, p-value < 0.01), 
supporting previous findings regarding the 
negative impact of a high-fat diet on health espe-
cially NCDs.9 Regarding previous studies on this 
matter, the association between a high-fat diet 
and hypertension or stroke has been confirmed 
in many epidemiological studies.10  

     In contrast, consumption of soft drinks had a 
highly significant negative correlation with all 
diseases, especially stroke (r = -0.66, p-value < 
0.001). This finding contradicted previous 
studies which mentioned that consumption of 
soft drinks had a significant association with 
stroke for both men and women.11 Therefore, 
further review with a more in-depth approach 
was needed to understand the underlying fac-
tors by removing possible bias or confounding 
factors. In addition, low fruit and vegetable in-
takes were significantly negatively correlated 
with diabetes and heart disease. This was in line 
with past research which found that adequate 
fruit and vegetable intakes were associated with 
reduced risk of cardiovascular disease, cancer, 
and all-cause mortality.12 Less physical activity 
also showed a negative correlation with stroke 
(p-value = 0.053). 

     In terms of NCD risk behaviors, hypertension 
and stroke had strong correlations with daily 

smoking and consumption of fatty foods. Where-
as diabetes and heart disease showed more 
complex relationships with food and beverage 
consumption factors.13,14 

     In addition to analyzing individual risk-
behavior associations, we further explored 
clustering patterns to identify province-level 
groupings based on NCD risks and health 
behaviors. As already explained above, the 
provinces were grouped into 3 clusters (0, 1, 2). 
Those included in cluster 0 had a moderate level 
of smoking and consumption of unhealthy foods 
as well as moderate prevalence of hypertension, 
stroke, and diabetes, i.e., neither too high nor too 
low. Hence, it showed a mixed pattern between 
high and low risk behavior, but not on the ex-
treme side. In this cluster, public health inter-
ventions needed to be directed towards sec-
ondary prevention such as educational cam-
paigns and healthy food regulations. Meanwhile, 
those included in cluster 1 had the lowest rates 
of smoking and consumption of fatty foods. They 
also had lower prevalence of NCDs than other 
clusters.  

     This showed that they had a healthier lifestyle 
and higher physical activity compared to other 
provinces. Therefore, the risk of NCDs was more 
controlled. This cluster could serve as a good 
example of public health. The focus should be 
directed towards maintaining healthy habits 
through continuous education and promotion of 
healthy lifestyles. Those in cluster 2 had the 
highest levels of daily smoking, consumption of 
fatty foods and soft drinks, and low physical 
activity. This exacerbated NCD risk. Also, the 
prevalence of hypertension, stroke, and diabetes 
here was very high compared to the other two 
clusters. This cluster reflected the provinces 
with the highest NCD risk, thus requiring more 
attention in health policy through various public 
health programs such as more aggressive anti-
smoking campaigns. It was also important to 
apply regulations strictly for consuming soft 
drinks and fatty foods here. Community-based 
sports programs could also be recommended to 
increase people’s physical activity.15 

CONCLUSION AND RECOMMENDATION 

     People’s behaviors, particularly smoking and 
consumption of fatty foods, had a significant 
influence on the incidence of NCDs in Indonesia. 
Public health interventions needed to focus on 
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making people more aware of the dangers of 
smoking and educating them on the importance 
of a healthy diet and increased physical activity, 
especially in areas with health problems, to re-
duce the burden of NCDs in Indonesia. 
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