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Abstract
Background: Diabetes mellitus remains a primary chronic disease all around the world,
including Indonesia. A poor lifestyle that includes smoking habits, stress, and lack of physical
activities will increase the incidence of diabetes mellitus. This study aimed to explore the
relationship of smoking habits, stress, and physical activity with diabetes mellitus incidence
in Indonesia.
Methods: A total of 12,110 respondents from 13 provinces in Indonesia were interviewed
and evaluated in a cross-sectional national-based population study in Indonesia. Multivariate
binary logistic regression analysis was used to calculate the adjusted odds ratio value with a
95% confidence interval.
Results: Of the 12,110 respondents, 9,154 (75.59%) were  45 years old and 6,704 (55.36%)
had low physical activity. Exposure to cigarette smoke (AOR = 0.73, 95% CI = 0.57-0.94, p
< 0.05) and high or vigorous physical activity (AOR = 0.81, 95% CI = 0.67-0.9, p <0.05)
were significantly related to diabetes mellitus.
Conclusion: Smoking habits and physical activity were highly associated with diabetes
mellitus but stress was not. Therefore, health promotion measures for improvement of life
style and prevention of diabetes mellitus are needed and should be organized by primary
health care system.
Copyright: 2020 The Author(s); Published by Kerman University of Medical Sciences. This
is an open-access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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Data from the International Diabetes Federation (IDF) in 2017

Introduction
Diabetes Mellitus (DM) is a chronic disease that still creates

indicates that the global prevalence of type 2 DM has reached

a significant problem in the world, and a rapid increase in the

8.8%. World Health Organization (WHO) has estimated that

prevalence of DM has been observed, especially in low and

around 171 million people are living with diabetes (3), and

middle-income countries, including Indonesia. Globally, the

Type 2 DM is ranked the 7th leading cause of death in the world

number of adults with diabetes has increased more than three

(4). The majority of deaths in type 2 DM patients occur in low

times, from 108 million in 1980 to 415 million in 2015 (1, 2).

and middle-income countries, including Indonesia (4). Based
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on the data from the International Diabetes Federation (IDF)

most diabetic patients do not undergo routine self-control of

in 2015, Indonesia was ranked the 7th, after China, India, the

blood glucose due to the lack of their knowledge. The present

United States, Brazil, Russia, and Mexico, among countries

study aimed to investigate the relationship of smoking, stress,

with the highest DM prevalence with a prevalence of 10 million

and physical activity with DM incidence using a nationwide

people. Data from the Indonesian Basic Health Research

survey in Indonesia.

(2018) shows an increase in the prevalence of diabetes in
Indonesia; i.e., from 6.9% (2013) to 8.5% (2018) with 1.9%

Material and Method

living in the cities where Jakarta was the first with a prevalence

Design and Sample

of 3.4%. The increasing incidence of diabetes in developing

This analysis is based on interviews with 12,110

countries is most likely caused by population aging (5) and

respondents in the national population-based cross-sectional

changes in the lifestyle, including inadequate physical

studies in 2014-2015, which is referred to as the Indonesian

activities, higher obesity rate, unhealthy diet, smoking habit,

Family Life Survey (IFLS-5). IFLS-5 is the fifth wave survey

and alcohol consumption (2, 6-8).

of a series of continuous surveys that have been conducted

Type 2 Diabetes Mellitus (DM) is a metabolic disease that

since 1993. Participants in this study were selected using

occurs when insulin produced by the pancreas is ineffective

stratified random sampling and strata were based on the

(insulin resistance), which consequently causes an increase in

province - locality (rural/urban) combination. These

blood glucose levels (9, 10). This condition will be exacerbated

combinations sufficiently described the spectrum of culture and

by poor lifestyle such as smoking habit (11-13), stress (14, 15)

socioeconomic diversity among Indonesian. For cost-

and lack of physical activities (16-18). Smoking habits led to

efficiency, 13 of 27 provinces were selected containing 83% of

insulin resistance as well as reduced glucose metabolism (19,

the population, namely: North Sumatera, West Sumatera,

20). Stress triggers the production of cortisol and adrenaline

South Sumatera, Lampung, DKI Jakarta, West Java, DI

hormones in the body, which increase the blood glucose level

Yogyakarta, East Java, Bali, West Nusa Tenggara, South

(14). Meanwhile, regular physical activities are likely to

Kalimantan, and South Sulawesi. Then, the household was

improve insulin sensitivity (21). Some physical activities, such

randomly collected until the data collection was completed by

as jogging for 30-40 minutes, increased glucose distribution

chosen enumeration areas (EAs) per each province. Four

into the cells by 7-20 times (22). Few studies have investigated

family members of participants from each selected household

the relationship of smoking, stress and physical activity with

were selected until the data collection was completed, as

DM and most of these studies have been conducted in Western

interviewing all members of the household would be a high

populations. In Indonesia, in spite of being a lower middle-

cost. Inclusion criteria were: participants aged  18 years old

income country with a not well-established healthcare

and completion of the questionnaire regarding the studied

infrastructure and limited health care teams and caregivers,

variables. Participants who relocated in another province and
381
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their tracking were difficult and those who passed away or had

1) High, daily vigorous 60-minute exercise throughout the

incomplete data regarding the study variables were excluded.

past week (e.g., aerobic) recommended by the World Health

The study protocol was approved by the Universitas Ahmad

Organization (2018).

Dahlan’s Ethics Committee for Human Research (011907070).

2) Moderate, at least 150 minutes per week
3) Light, at least two hours a week, doing daily intense
exercise (23). Lastly, sociodemographic factors were assessed

Measurement instruments
Glycated hemoglobin (HbA1c) level is an indicator of

by asking questions about age, sex, education, and occupation.

glycemic control in the 2-3 months prior to the test was
represented diabetes mellitus as our outcome variable and it

Statistical Analysis

was assessed in the fifth wave of the Indonesian Family Life

Continuous data were presented as means and standard

Survey (IFLS-5) collaborated with the laboratory at the Clinical

deviation and categorical data were expressed as number and

Pathology and Laboratory Medicine Department at the

percentage. The selection of other risk factors and/or

University of Gadjah Mada (UGM), Yogyakarta, Indonesia.

confounders to be included in multivariable models was based

Based on the HbA1c level, subjects were classified into the two

on a p<0.25 in the bivariate models. Multivariate logistic

groups, namely: HbA1c≥ 6.5% (diabetes mellitus) and HbA1c

regression analysis was used to evaluate the independent

<6.5% (non-diabetes mellitus). Smoking habit was classified

factors associated with DM. All analyses were conducted using

into two categories of Yes and No based on chewing tobacco

STATA version 15.0. Statistical significance was defined as a

or smoking tobacco or smoking cigarette during the interview

p-value of less than or equal to 0.05.

or in the past.
The Psychosocial Stress variable was measured using the

Results

criteria of Center for Epidemiologic Studies Depression Scale

Of the 12,110 respondents, 9,154 (75.59%) were  45 years

(CES-D) and classified into 5 categories, namely: 0 = no stress

old, and 6,704 (55.36%) had low physical activity. The

at all, 1 = slightly stressed, 2 = mild stressed, 3 = moderately

prevalence of diabetes mellitus was 4.67% in all participants,

stressed and 4 = severely stressed.

9.19% among those <45 years and 90.81% among those ≥ 45

Physical activity was assessed using the International

years. Detailed characteristics of the respondents are listed in

Physical Activity Questionnaire (IPAQ) and was classified into

Table 1.

the three following categories:
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Table 1. Characteristics of respondents with diabetes mellitus in Indonesia (n = 12,110)
Non-diabetics

Total participants

Prevalence
95% CI

566 (4.67)

11,544 (95.33)

12,110 (100)

0.04 – 0.05

259 (45.76)
307 (54.24)

5,554 (48.11)
5,990 (51.89)

5,813 (48.00)
6,297 (52.00)

0.47 – 0.49
0.51 – 0.53

52 (9.19)
514(90.81)

2,904 (25.16)
8,640 (74.84)

2,956 (24.41)
9,154 (75.59)

0.24 – 0.25
0.75 – 0.76

97 (17.14)
127 (22.44)
74 (13.07)
268 (47.35)

6,492 (56.24)
1,631(14.13)
2,329 (20.17)
1,092(9.46)

6,760 (55.82)
1,705 (14.08)
2,456 (20.28)
1,189 (9.82)

0.55 – 0.57
0.13 – 0.15
0.20 – 0.21
0.09 – 0.10

3 (0.53)
28 (4.95)
246 (43.46)
289 (51.06)

166 (1.44)
185 (1.60)
3,481(30.15)
7,712 (66.81)

169 (1.40)
213 (1.76)
3,727 (30.78)
8,001 (66.07)

0.01 – 0.02
0.02 – 0.02
0.30 – 0.32
0.65 – 0.67

196 (34.63)
370 (65.37)

4,740 (41.06)
6,804 (58.94)

4,936 (40.76)
7,174 (59.24)

0.40 – 0.42
0.58 – 0.60

9 (1.59)
13 (2.30)
11(1.94)
51(9.01)
482 (85.16)

227 (1.97)
264 (2.29)
357 (3.09)
866 (7.50)
9,830 (85.15)

236 (1.95)
277 (2.29)
368 (3.04)
917 (7.57)
10,312 (85.15)

0.02 – 0.02
0.02 – 0.03
0.03 – 0.04
0.07 – 0.08
0.85 – 0.86

356 (62.90)
12 (2.12)
198 (34.98)

6,348 (54.99)
458 (3.97)
4,738 (41.04)

6,704 (55.36)
470 (3.88)
4,936 (40.76)

0.54 – 0.56
0.04 – 0.04
0.40 – 0.42

Characteristics

Diabetics

Overall
Sex
Male
Female
Age
<45
≥45
Education
Elementary School
Junior high school
Senior High School
University
Occupation
Housewife
Farmer
Labourer
Government/business
Smoking Habit
Yes
No
Stress level
High
Moderate
Mild
Slight
Not at all
Physical Activity
Light
Moderate
High
Data have been presented as n (%)

The results of the bivariate and multivariate binary logistic

worked as farmers had 4.11 times higher risk to develop DM

regression models have been presented in Table 2. Based on the

when

results of the study, respondents with smoking habit had lower

employees, and those who were self-employed (AOR = 4.11,

odds of DM (AOR = 0.73, 95% CI = 0.57-0.94, p<0.05).High

95% CI = 2.70-6.29, p<0.001). In addition, respondents who

physical activity showed significant relationship with the

worked as laborers had 1.94 times higher risk for DM

incidence of DM (AOR = 0.81, 95% CI = 0.67-0.9, p<0.05),

compared to housewives, government/private employees, and

while in contrast, psychological stress showed no significant

those who were self-employed (AOR = 1.94, 95% CI = 1.60-

relationship with DM incidence. With the same smoking

2.36, p<0.001). As it is seen in Table 2, educational level had

pattern, females were significantly at lower risk of DM (AOR

significant relationship with the incidence of DM (AOR_elementary

= 0.73, 95% CI = 0.57-0.94, p<0.05). Subjects with the age of

school = 0.39, 95% CI = 0.30-0.50, p<0.001; AOR_junior high school =

≥ 45 years had 3.53 times higher risk for DM when compared

0.50, 95% CI = 0.36-0.69, p p<0.001; AOR_senior high school = 0.65,

to those who

95% CI = 0.49-0.86, p<0.01).

were younger

than 45 years old

(AOR = 3.53, 95% CI = 2.63-4.74, p<0.001). Those who
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Table 2. Multivariate binary logistic regression analysis for diabetes mellitus in Indonesia
Variables

Crude OR

95%CI

Adjusted OR

95%CI

1.09

0.93 – 1.28

0.73

0.57 – 0.94*

3.32

2.49 – 4.43***

3.53

2.63 – 4.74***

Elementary School

0.46

0.37 – 0.65***

0.39

0.30 – 0.50***

Junior high school

0.51

0.37 – 0.70***

0.50

0.36 – 0.69***

Senior High School

0.61

0.47 – 0.81***

0.65

0.49 – 0.86**

Housewife

0.48

0.15 – 1.52

0.45

0.14 – 1.43

Farmer

4.04

2.67 – 6.11***

4.11

2.70 – 6.29***

Laborer

1.89

1.58 – 2.25***

1.94

1.60 – 2.36***

0.76

0.64 – 0.91**

0.73

0.57 – 0.93*

Severely stressed

0.81

0.41 – 1.58

0.84

0.42 – 1.66

Moderately stressed

1.00

0.57 – 1.77

1.09

0.62 – 1.93

Mildly stressed

0.63

0.34 – 1.15

0.66

0.36 – 1.23

Slightly stressed

1.20

0.89 – 1.62

1.23

0.91 – 1.67

0.47

0.26 – 0.84

0.60

0.33 – 1.09

0.75

0.62 – 0.89

0.81

0.67 – 0.97*

Sex (ref: male)
Female
Age (ref: <45)
≥45
Education (ref: University)

Occupation (ref: Government/business)

Smoking Habit (ref: No smoking)
Yes
Stress (ref: not at all)

Physical Activity (ref: light physical activity)
Moderate
High
***: p<0.001; **: p<0.01; *: p<0.05; ref: reference

The results of this study indicated a significant relationship

Discussion
Diabetes mellitus causes damages to various body systems,

between smoking habits and DM incidence. Smoking is one of

especially to the nerves and blood vessels (23), and may trigger

the primary triggers of morbidity and mortality and should be

renal failure (24), neuropathy (21, 25), retinopathy (26, 27),

avoided. This is due to the high level of nicotine in the blood

heart diseases, and stroke (4). The mortality rate of DM patients

that may affect the release of cortisol hormone and will

is doubled when compared to those without DM; thus, good

eventually interfere with the function of insulin (28). Indonesia

management of DM patients is essential. There are four pillars

is the country with high rate of cigarette consumption and about

in DM management, namely education, nutritional therapy,

66% of men adopt smoking habits (29). Therefore, the

physical activities, and pharmacological intervention to control

awareness of the relationship between smoking and diabetes is

blood sugar levels and complications (21).

essential for preventing this habit among the people of
Indonesia.
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In addition, we found that lack of physical activity was

The present study had several limitations. First, data were

associated with DM. This finding is in line with the previous

collected through interviewing respondents in a serial of

studies claiming that lack of physical activity can cause insulin

continuous national huge-population surveys that had been

resistance in DM patients (30-31). This is due to food that enters

started since 1994 and spontaneous responses given as the

the body and is not burned but will be stored in the form of fat

result of emotional factors were considerably existed. Second,

instead. It has been agreed that routine physical activities will

this study was cross-sectional, so it could only conclude

increase the insulin level in the body and decrease the glucose

concurrent associations of DM with a smoking habit, stress, and

level (18, 32). Meanwhile, this study fails to show a significant

physical activity. Despite these limitations, the present study

relationship between stress and DM. It is likely because most of

had some advantages. First, data were obtained from a large and

the respondents were not experiencing stress when they were

nationally representative sample of DM patients spreading

interviewed, or there may be bias in the response. Stress

through 13 provinces in Indonesia; hence, the results of this

increases the activity of sympathetic nerves, triggering the

study can adequately represent the population of Indonesia,

hypothalamus to secrete excessive catecholamine that will lead

both demographically and geographically. Second, to the best

to glycogenesis and increase of blood glucose level (15).

of our knowledge, this was the first large-nationwide conducted

Moreover, stress can also stimulate the endocrine organs to

research and covered 80% of provinces to evaluate lifestyle

secrete epinephrine that can, in turn, increase the glucose level

associated with DM among Indonesian. Finally, the present

in the blood. Effective management is essential to increase the

study covers modifiable risk factors associated with DM

community's awareness about DM pathology, risk factors,

reported in the literature.

management, and complications for reducing morbidity and
mortality related to diabetes. Self-control of blood glucose level

Conclusion

by the patient and educating both patients and health care teams

Smoking habit and physical activity were risk factors that

and caregivers by the authorities is very important to improve

can increase the risk of DM in Indonesia. However, we could

the quality of life of diabetic patients. As a low middle-income

not demonstrate the association of stress with DM. It is

country with the fourth largest population in the world,

expected that the community can apply anticipatory measures

Indonesia has limited health care infrastructure, including those

in the form of prevention so that the incidence of DM can be

for diabetes treatment. Increased education is necessary to

minimized. Furthermore, primary health care facilities are also

encourage the community to live a healthy lifestyle (33, 34).

expected to put more emphasis on the promotion and

Regular exercise, balanced diet, no-smoking, controlling fat

preventive activities against non-communicable diseases,

level, blood pressure and blood sugar are the keys in early

including diabetes mellitus.

detection of pre-diabetic patients and successful control of
HBA1c.
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