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ABSTRACT

Aims: To investigate the differences between the Indonesian urban and rural populations
in the presence of lifestyle and clinical risk factors and their relation with the prevalence
of diabetes.

Methods: Using the 2018 Indonesian Basic Health Survey data, the diagnosis of diabetes
was based on the combination of known diabetes, i.e., a previous history of diabetes
or use of anti-diabetes medication, and unknown diabetes based on blood glucose
criteria according to American Diabetes Association 2022 guidelines. We performed
logistic regression analyses separately for the urban and rural populations to examine
the association of lifestyle and clinical factors with prevalent diabetes.

Results: Our study comprised 17,129 urban and 16,585 rural participants. Indonesian
urban population was less physically active [proportion differences (95% confidence
interval/Cl): -11.8% (-13.5; -0.1)] and had a lower proportion of adequate fruit and
vegetable intake [-0.8% (-1.5; -0.1)], than the rural population. Higher participants with
obesity [12.8% (11.4; 14.1)] were also observed in urban compared to rural population.
Although there were no differences in the total prevalence of diabetes between the two
populations [10.9% (10.4; 11.5) vs. 11.0% (10.4; 11.7) for urban and rural, respectively],
the prevalence of known diabetes was twice higher in the urban [proportion (95%Cl):
3.8% (3.5; 4.2)] than in the rural population [1.9% (1.6; 2.1). Physical inactivity was
associated with the prevalence of diabetes, especially in urban population [prevalence
odds ratio (95%Cl): 1.15 (1.01; 1.31) and 1.05 (0.89; 1.24) for urban and rural,
respectively). Overweight/obesity, abdominal obesity, hypertension, and dyslipidemia
were risk factors for prevalent diabetes in both populations.

Conclusions: Indonesian rural population showed relatively better lifestyle and clinical
profiles than their urban counterparts. However, no differences were observed between
the two populations in the relation between risk factors and diabetes. Special attention
needs to be addressed to the high prevalence of undiagnosed and untreated diabetes

in Indonesia.
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INTRODUCTION

The prevalence of diabetes is increasing worldwide, from 8.3% in 2011 to 10.5% in
2021, and is projected to become 12.2% in 2045.[1] Currently, more than 80% of
people with diabetes live in low and middle-income countries (LMICs) and the greatest
relative increase in the prevalence of diabetes is expected to occur in middle-income
countries.[1,2] Indonesia is the fourth most populated LMIC with a rising prevalence of
diabetes. With more than 19 million people suffering from diabetes in 2021, it ranked
as the 5th highest country of people with diabetes in the world, compared to the 7th
in 2019.[1]

Diabetes causes significant morbidity and mortality [3] and is an established risk factor
for other diseases such as cardiovascular diseases,[4] end-stage renal diseases,[5] and
cancers.[6]In 2016, diabetes became the third leading cause of disability-adjusted life
year (DALY) in Indonesia.[7] Diabetes not only has deleterious effects on an individual
and society level, but also has become a national economic burden due to its high

health care costs.[8]

The worldwide prevalence of diabetes was estimated to be higher in urban (12.1%)
than in rural (8.3%) areas.[2] The rapid socio-economic development in many LMICs
that promote rapid urbanization and influence the environmental and social changes,
may lead to an increase in diabetes prevalence.[9] Previous studies have shown
that urbanization is associated with relatively unhealthy dietary patterns [10] and
less physical activity,[11] resulting in surplus of energy that will be stored as body
fat.[12] This excess storage of body fat may result in obesity and consequent low-
grade inflammatory state and insulin resistance, which eventually could lead to type
2 diabetes (T2D).[13] Our previous study in the Indonesian young adult population
showed a higher prevalence of obesity, in the urban compared to the rural population.

(10]
Besides obesity, previous studies also showed that hypertension and dyslipidemia

differed greatly in prevalence between rural and urban populations.[14,15] Apart from

the lifestyle and biological determinants mentioned above, the level of education,
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type of employment, and socio-economic status usually differs between urban and
rural populations [16] and could potentially influence the incidence of diabetes.[17]

We hypothesized that these urban-rural discrepancies in lifestyle, clinical, and socio-
demographic factors contribute to the differences in the prevalence of diabetes
between these two populations. Therefore, the aim of our study was to investigate the
differences in these risk factors between Indonesian urban and rural populations and

their relationship with the prevalence of diabetes (Supplementary Figure 1).

METHODS

Study design and population

To investigate the objectives mentioned above, the data from The 2018 Indonesian
Basic Health Survey (Riset Kesehatan Dasar, RISKESDAS) was used in this cross-sectional
study. RISKESDAS is a five-yearly national health survey conducted by the Ministry
of Health, Indonesia, the latest in 2018. This survey incorporated questionnaires and
biomedical data collection to evaluate the prevalence of communicable and non-
communicable diseases, as well as the health-related risk factors in the Indonesian

population.

The 2018 RISKESDAS population comprises 1,017,290 individuals of all ages, of whom
713,783 were =15 years old during the time the survey was commenced. This present
study included non-pregnantindividuals aged =15 years who were randomly sampled
for blood glucose measurement (n=37,135). Individuals with missing data on clinical
factors (body mass index, waist circumference, systolic/diastolic blood pressure, and
lipid profile) and lifestyle factors (physical activity level, fruit and vegetable intake,
smoking status, and alcohol consumption) were excluded. This study was approved by
and registered in the National Institute of Health Research and Development (NIHRD),
Ministry of Health, Republic of Indonesia.[18]

Data collection

The design for the data collection and selection of respondents in the 2018
RISKESDAS was integrated with the data from The National Economic Survey held
by The Indonesian Central Bureau Statistics (Biro Pusat Statistik/BPS). A detailed
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explanation of the methodological sampling has been described previously.[19,20]
Briefly, the participants were selected using a multistage systematic random sampling
design. By considering urban-rural distribution using the 2010 BPS criteria,[21] 30.000
survey blocks were randomly selected from 34 provinces, each consisting of 10
census buildings. From each census building, one household was randomly selected.
All household members of each selected household were asked to participate in
the survey. A set of multiple blocks interviewer-assisted questionnaires were used
to record data on socio-demographics, history of diseases, and behavioral/lifestyle
determinants.[22] The participants who underwent biomedical data collection,
including blood glucose measurements, were randomly selected from 2500 census
blocks across 26 provinces, with 1446 urban and 1054 rural sites representing the

overall Indonesian population.[19,20]

Assessment of socio-demographic determinants

Age, sex, marital status, level of education, employment status, and type of
employment were obtained using standardized questionnaires. The level of education
was categorized as low (no formal education after primary school); intermediate (high
school); and high (college/university). The type of employment was categorized as
currently in education, unemployed/retired, working in the formal sector (civil servant,
army, police, private employee, entrepreneur), and working in the informal sector
(farmer, fisherman, labor, driver, domestic helper). A socio-economic status score
was based on the ownership of household assets, as well as average income and
expenditure, from the data previously obtained by BPS and was divided into quintiles.
A higher number represents a higher socio-economic status.[23] The urban and rural
areas were defined based on the criteria established by BPS in 2010,[21] including
population density/km?, farming household percentage, and availability/ accessibility
for urban-related facilities (school, market, shop, hospital, movie theatre, hotel, and
percentage of household with telephone or electricity). Each criteria has a certain
score and a total score =10 was considered an urban area, and people living in those

areas were considered member of the urban population (Supplementary Table 1).
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Assessment of lifestyle factors

Physical activity was measured by the adapted Short Questionnaire to Assess Health-
Enhancing (SQUASH) physical activity integrated into the RISKESDAS questionnaire,
as the frequency and duration of moderate and vigorous activity within four domains,
which were restructured to hours per week of metabolic equivalents.[24] Being
physically active was defined as moderate to vigorous physical activity (MVPA) of =30
minutes/day for 5 days or =150 minutes/week.[25]

In the RISKESDAS questionnaire, fruit and vegetable intake was measured as the
number of portions eaten per day, with display cards of common dishes provided by
the interviewers as visual aids.[22] The recommended intake for fruits and vegetables
is 2400 grams/day or =5 portions/day.[25]

Smoking status was assessed as never, former, and current smoker. Additionally, the
pack-years of smoking was calculated by multiplying the number of packs of cigarettes
smoked per day by the number of years the person smoked. Alcohol consumption
was estimated by the number of portion glasses per day, with display cards as visual
aids, summed across all types of alcohol and restructured to the unit of alcohol per
day.[22]

Assessment of clinical factors

Body weight was measured by a calibrated digital FESCO™ weight scale to the
nearest 0.1 kg. Body height was measured without shoes using a calibrated, vertically
fixed tape measure to the nearest 0.1 cm. BMI was calculated by dividing body weight
(kg) by the square of height (m2) and categorized based on the WHO criteria for the
Asia-Pacific population [26] Waist circumference was measured halfway between the
iliac crest and the lowest rib using a flexible steel tape measure to the nearest 0.1 cm
(SECA Model 201, Seca Gmbh Co, Hamburg, Germany).[20]

Blood pressure was obtained by a digital sphygmomanometer at the left arm and

upright sitting position after 5 minutes of rest (HEM-7200, Omron Healthcare Co, Ltd,

Kyoto, Japan). The average of three measurements was used for analysis. Hypertension
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was defined as systolic blood pressure (SBP) =140 mmHg and/or diastolic blood
pressure (DBP) =90 mmHg or previous diagnosis of hypertension with current use
of anti-hypertensive medications.[27] Serum total, HDL-, and LDL-cholesterol, as
well as triglyceride levels were measured using standard clinical chemistry methods
(Roche® enzymatic assay).[19] Based on the criteria from The Indonesian Society
of Endocrinology 2021, dyslipidemia was defined as one or more of the following
criteria: total cholesterol 2200 mg/dL, LDL-cholesterol =130 mmHg, HDL-cholesterol
<40 mmHg in men or <50 mmHg in women, and triglyceride =150 mg/dL.[28]

Assessment of diabetes status

The definition of diabetes was based on the combination of known diabetes, i.e.,
a previous diagnosis of diabetes or use of anti-diabetes medication, and unknown
diabetes based on blood glucose criteria according to the American Diabetes
Association (ADA) 2022 guidelines for the diagnostic criteria of diabetes, which
include one or more of the following [29]: fasting plasma glucose (FPG) =126 mg/
dL, OR 2-hour plasma glucose (2h-PG) =200 mg/dL during oral glucose tolerance
test (OGTT), OR random blood glucose =200 mg/dL with classic symptoms of
hyperglycemia or hyperglycemia crisis. In the survey, random, fasting, and 2-hour
post OGTT blood glucose were measured using capillary blood samples (Accu-Chek
Performa, Roche Diagnostics GmbH, Mannheim, Germany). HbA1c was not measured

during the survey.

Statistical analysis

All analyses in our study were weighted towards municipality/provincial density to
correct for the differences in geographical density and urban/rural distribution across
the 34 provinces in Indonesia.[20] As a result of the weighted analyses, percentages

and proportions were given instead of the number of participants.

Study population characteristics and diabetes prevalence were presented for the
Indonesian urban and rural populations. Continuous variables were summarized
as mean with standard deviation (SD) for normally distributed data and median

(25th, 75th percentile) for non-normally distributed data. Categorical variables were

109




Chapter 5

presented as proportions with 95% confidence intervals (95% ClI). Additionally,
the differences between urban and rural population were presented as mean or

proportion differences with 95% ClI.

We performed multivariable logistic regression analyses to calculate odds ratios (OR)
with 95% confidence intervals, stratified by the urban and rural population to examine
the associations between lifestyle and clinical determinants with the total prevalence
of diabetes. The associations between lifestyle factors and diabetes were adjusted
for socio-demographic determinants (age, sex, education, occupation, marital status,
and socio-economic status) and BMI. The associations between clinical factors and
diabetes were adjusted for socio-demographic, lifestyle factors, and BMI. The lifestyle
and clinical factors were both modeled as continuous and as categorical variables
based on known cut-offs from previous literatures. All continuous variables were
modeled based on their actual unit, except for MVPA duration and smoking pack-
years, which used per standardized (SD) unit for better interpretation. For lifestyle
factors, the behaviors that are considered a part of a healthy lifestyle based on national
guidelines recommendation [25] will serve as reference. These include as follows:
physically active, defined as =150 minutes/week (=30 minutes/day for 5 days) of
moderate-vigorous physical activity; adequate intake of fruits and vegetables, defined

as intake of =5 portions/day; never smoker; and no alcohol consumption.

To examine the differences between the populations within one analysis, we generated
new categorical variables for the combinations of each risk factor and the population,
using the non-exposed (‘healthy’) urban population as the reference. All analyses were
performed using STATA (version 16.0, StataCorp, College Station, TX, USA).

RESULTS
Socio-demographic, lifestyle, and clinical factors in Indonesian urban and rural
populations
In this study, we included 33,714 participants (17,129 urban and 16,585 rural) who
were non-pregnant and =15 years old from the 2018 RISKESDAS database after

excluding participants without blood glucose measurements and with missing data
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on lifestyle and clinical factors (Figure 1). The rural Indonesian population was slightly
older than its urban counterpart. More participants in the urban population had a
higher education [proportion difference (95% confidence interval/Cl): 5.5% (4.8;
6.3)] and were in the highest quintile of socio-economic status [23.4% (21.4; 25.3)]
compared to rural population. In terms of lifestyle factors, the rural population was
more physically active [-11.8% (-13.5; -0.1)] and more often had an adequate fruit and
vegetable intake [-0.8% (-1.5; -0.1)] than the urban population. In comparison with the

urban population, the rural population more often were current smokers (Table 1).

BMI and waist circumference were higher in urban than rural population. This also
applied to the proportion of participants with obesity, either by BMI categories (40.7%
vs. 28.9%, for urban and rural, respectively) or abdominal obesity criteria (41.2% for
urban and 28.4% for rural population). Systolic blood pressure was higher in rural
compared to urban population, and the opposite was observed for DBP, resulting
in no differences of hypertension status between the two groups. In addition, no
differences were observed for total cholesterol, LDL-cholesterol, HDL-cholesterol,
and triglyceride levels between the two populations. Nevertheless, the proportions of
hypercholesterolemia, high LDL-cholesterol, hypertriglyceridemia, and dyslipidemia

were higher in the urban than in the rural population. (Table 1).

Diabetes prevalence in the Indonesian urban and rural populations

There were no differences in the total prevalence of diabetes between Indonesian
urban and rural population [proportion (95%Cl): 10.9% (10.4; 11.5) and 11.0% (10.4;
11.7) for urban and rural, respectively]. Nevertheless, the proportion of individuals
with a previous diabetes diagnosis and using anti-diabetes medication was twice
as high in the urban population [3.8% (3.5; 4.2)] than in the rural population [1.9%
(1.6; 2.1]. This resulted in a relatively high prevalence of undiagnosed and untreated
diabetes, especially in the rural population [7.1% (6.7; 7.6) in urban and 9.1% (8.6; 9.8)
in rural population] (Figure 2).
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Figure 1. Flow chart for the inclusion of study participants using the data from The 2018 Indonesian
Basic Health Survey.
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Table 1. Differences in socio-demographic characteristics, lifestyle factors, and clinical factors
between Indonesian urban (n = 17,129) and rural (n = 16,585) population.

Urban Rural Differences’
(55%) (45%) (95 CI)
Socio-demographic
Age, years 42.6 (14.9) 44.5(16.7) -1.8(-2.2;-1.4)
Sex (% men) 50.3(49.6;51.0) 50.5(48.8; 50.1) -0.2(-1.1;0.7)
Level of education (% high') 8.2(7.5; 8.9) 2.6(2.3; 3.0) 5.5(4.8; 6.3)
Type of employment (% informal sector?) 26.4(25.2; 27.5) 53.0(51.7; 54.2) -26.7 (-28.3; -24.9)
Marital status (% married) 73.8(73.0; 74.6) 79.1(78.3;79.8) -5.3(-6.4;-4.2)
Socio-economic status (% highest/5th quintile) 32.9(31.2;34.7) 9.5(8.7;10.4) 23.4(21.4; 25.3)
Lifestyle Factors
Physically active (%) 73.5(72.1;74.9) 85.3(84.2;86.3) -11.8(-13.5; -0.10)
Moderate-vigorous physical activity duration* (hours/week) 11.5(2; 28) 21(7;42) -8.1(-9.1;-7.1)
Adequate fruit and vegetable intake (%) 3.4(3.0; 3.8) 4.2(3.6;4.9) -0.8(-1.5;-0.1)
Fruit and vegetable intake* (portion/day) 1.4(0.9; 2.1) 1.4(1.0; 2.6) -0.2(-0.2;-0.1)
Smoking behaviour (% current smoker) 31.8(30.9;32.7) 37.1(36.2;37.9) -5.3(-6.5; -4.0)
Pack years*® 10.1(4.2;19.2) 12(5.8; 21.5) -1.7(-2.5;-0.9)
Alcohol consumption (% current drinker) 2.2(2.0; 2.5) 1.7(1.5; 2.0) 0.5(0.1;0.9)
Quantity** (unit alcohol/day) 0.2(0.1; 1.0) 0.3(0.1; 1.5) 0.2(-0.5; 1.0)
Clinical Factors
BMI (kg/m2) 24.4(4.7) 23.1(4.6) 1.3(1.2;1.4)
BMI categories® (%)
Underweight (<18.5 kg/m2) 9.3(8.8;9.9) 11.9(11.3;12.6) -2.6(-3.4;-1.7)
Normo-weight (18.5-22.9 kg/m2) 33.1(32.2;34.0) 44.1(43.2; 45.1) -11.1(-12.3;-9.8)
Overweight (23.0-24.9 kg/m2) 16.8(16.2;17.4) 15.0(14.4; 15.6) 1.8(1.0; 2.7)
Obesity (225.0 kg/m2) 40.7 (39.8; 41.7) 28.9(28.0; 29.8) 12.8(11.4;14.1)
Waist circumference, cm 81.8(11.8) 77.7(12.2) 4.1(3.7;4.5)
Men 81.3(10.8) 76.3(10.3) 5.0(4.5; 5.6)
Women 82.3(12.7) 79.2(13.9) 3.1(2.6; 3.6)
Abdominal obesity® (%) 41.2(40.1; 42.2) 28.4(27.5; 29.3) 12.8(11.4;14.1)
Men 24.5(23.2;25.7) 10.4(9.6;11.3) 14.0(12.5; 15.5)
Women 58.1(56.8; 59.3) 46.7 (45.4; 48.0) 11.4(9.5; 13.2)
Systolic blood pressure, mmHg 131.3(23.0) 132.7 (25.0) -1.4(-2.1;-0.8)
Diastolic blood pressure, mmHg 84.6(12.4) 83.9(13.2) 0.7(0.3; 1.1)
Hypertension’ (%) 40.2(39.2; 41.1) 39.3(38.3; 40.3) 0.9(-0.5; 2.2)
Total cholesterol, mmol/L 4.7 (1.0) 4.6(1.1) 0.1(0.1;0.1)
Hypercholesterolemia® (%) 29.9(29.0; 30.8) 26.4(25.5; 27.3) 3.5(2.2;4.7)
LDL-cholesterol, mmol/L 3.2(0.8) 3.1(0.9) 0.1(0.1;0.1)
High LDL-cholesterol® (%) 38.7(37.7;39.7) 35.0(34.0; 36.0) 3.7(2.2;5.1)
HDL-cholesterol, mmol/L 1.2(0.3) 1.2(0.3) 0.0(-0.0; 0.0)
Low HDL-cholesterol™ (%) 40.6 (39.6; 41-6) 41.2(40.2; 42.2) -0.6(-2.0; 0.9)
Triglyceride, mmol/L 1.5(1.1) 1.4(1.0) 0.1(0.1;0.1)
Hypertriglyceridemia'" (%) 28.4(27.5;29.2) 25.7 (24.8; 26.5) 2.7(1.5;3.9)
Dyslipidemia' (%) 69.5(68.7;70.4) 68.0(67.1; 68.9) 1.5(0.3; 2.8)
Random blood glucose, mmol/L 6.2(2.4) 6.1(2.4) 0.1(-0.0;0.2)
Fasting blood glucose, mmol/L 5.7(1.8) 5.6(1.6) 0.1(0.1;0.2)
2-hour glucose post OGTT, mmol/L 8.1(2.9) 8.1(2.9) -0.0(-0.2;0.1)

Data were presented as mean (SD) for normally distributed continuous variables and median (25th-75th percentiles) for not- normally distributed continuous variables.
Categorical variables were presented as percentage (95% confidence interval). Results were based on analyses weighted towards geographical density across 34 provinces
in Indonesia.

*not-normally distributed continuous variables

"High education level includes participants who currently studying or having degree in college or university.

2Informal sector employment includes farmer, fisherman, labor, driver, and domestic helper

3calculated from individuals who smoke.

“calculated from individuals who drink alcohol.

SBMI categories were based on the WHO cut-offs for Asian population.

$Ethnic-Specific (Asian) waist-circumference cut-offs for abdominal obesity were >90 cm for men and >80 cm for women.

"Hypertension was defined as systolic blood pressure >140 mmHg AND/OR diastolic blood pressure >90 mmHg OR previous hypertension diagnosis with current use of
anti-hypertensive medications.

8Hypercholesterolemia was defined as total cholesterol levels 5.2 mmol/L (2200 mg/dL).

?High LDL-cholesterol was defined as LDL-cholesterol levels =3.4 mmol/L (=130 mg/dL).

Low HDL-cholesterol was defined as HDL-cholesterol levels <1.0 mmol/L (<40 mg/dL) in men or <1.3 mmol/L (<50 mg/dL) in women.

""Hypertriglyceridemia was defined as triglyceride levels =1.7 mmol/L (=150 mg/dL).

2Dyslipidemia was defined based of one or more of the following criteria: total cholesterol 2200 mg/dL, OR LDL-cholesterol =130 mg/dL, OR low triglyceride (=150 mg/
dL), OR low HDL-cholesterol (<40 mg/dL in men or <50 mg/dL in women).

3Differences were calculated as values in urban minus values in rural. For not normally distributed continuous variables, the differences were calculated using mean and
standard error to obtain the mean differences and its 95% confidence intervals.
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Figure 2. The prevalence of diabetes between Indonesian urban and rural population, A. Known
(previously diagnosed and treated) diabetes; B. Unknown (undiagnosed and untreated) diabetes;
C. Total prevalence* *The combination of prevalence of known diabetes and unknown diabetes using
blood glucose criteria as follows: fasting plasma glucose (FPG) 2126 mg/dL or 7 mmol/L, OR 2-hour plasma
glucose (2h-PG) =200 mg/dL or 11.1 mmol/L after an oral glucose tolerance test (OGTT), OR random blood
glucose 2200 mg/dL or 11.1 mmol/L with classic symptoms of hyperglycemia or hyperglycemia crisis.

Lifestyle factors and prevalent diabetes in Indonesian urban and rural populations

Longer duration of moderate/vigorous physical activity was associated with lower risk
of prevalent diabetes [prevalence odds ratio (95% confidence interval): 0.91 (0.85;
0.98) for urban and [0.94 (0.89; 1.00) for rural population, per 1 SD unit=21.4 hours/
week] (Table 2A). The results were similar when using categorical variables in the
models, showing a higher risk of prevalent diabetes with physical inactivity, especially
in the urban population (Table 2B). In contrast with majority of previous findings, we
found a positive correlation between fruit and vegetable intake with prevalent diabetes
in the urban population (Table 2A). Although, sensitivity analysis showed a possible
confounding of sex, age, and BMI in this association since additional adjustment for
these factors resulted in the attenuation of the ORs (Supplementary Tables 2 and 3).

Additionally, in this urban population, inverse associations between smoking pack-
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years and alcohol consumption with the prevalence of diabetes were also observed
(Table 2A). Moreover, when compared to the non-smoker group, current smoker was
inversely associated with prevalent diabetes in urban and rural populations (Table
2B). Further sensitivity analysis showed that this current smoker group has a lower
BMI and higher proportion of men than the non-smoker group in both populations

(Supplementary Tables 4 and 5).

Clinical factors and prevalent diabetes in Indonesian urban and rural populations

All clinical factors, either modelled as continuous or as categorical variables, were
associated with prevalent diabetes both in urban and rural populations (Table 3A and
3B).

The differences in the association of lifestyle and clinical factors with diabetes
prevalence between Indonesian urban and rural populations

In comparison with the urban-physically active group, a higher prevalence odds ratio
of diabetes was observed for urban-inactive [prevalence OR (95%Cl): 1.17(1.03; 1.33)
but not for the rural-inactive group (0.97, 0.81; 1.16). No differences were observed
between urban and rural populations who did not consume adequate fruit and
vegetable compared with the urban-adequate group as the reference category. There
were also no differences between urban and rural current smokers in comparison with

the urban reference group (Figure 3A).

With regard to clinical factors, the urban and rural populations with overweight or
obesity had higher prevalence ORs than the urban-normo-weight reference group,
although there were no differences between the two groups [1.79 (1.56; 2.06) vs. 1.84
(1.57; 2.15) for urban-overweight/obese and rural-overweight/obese, respectively].
Similar patterns were observed for all other clinical factors, showing no differences
in the prevalence ORs of diabetes between the urban and rural populations with
clinical risk factors compared to the urban population without risk factor (Figure 3B).
Additionally, it can be observed thatwhen compared with the urban population without
lifestyle or clinical risk factors, the rural population without risk factors had a higher risk
of prevalent diabetes. Further analyses showed that this rural population without risk

factors was somewhat older than the urban reference group (Supplementary Table 6).
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Table 2A. Association of lifestyle factors as continuous variables with prevalent diabetes in

Indonesian urban and rural population.

Prevalence Odds Ratio (95%ClI)

Variables Model®
Urban Rural
Moderate/vigorous physical activity, Crude OR 0.86(0.81; 0.92) 0.90(0.85; 0.95)
per 1 SD=21.4 hours/week Model 1 0.92(0.87;0.99) 0.97(0.91; 1.02)
Model 2 0.92(0.86; 0.98) 0.96 (0.90; 1.02)
Model 3 0.91(0.85; 0.98) 0.94(0.89; 1.00)
Fruit and vegetable intake (portion/day) Crude OR 1.11(1.07; 1.14) 1.01(0.97; 1.05)
Model 1 1.08 (1.04; 1.12) 1.01(0.97; 1.05)
Model 2 1.07(1.03; 1.11) 1.02(0.97; 1.06)
Model 3 1.06(1.02; 1.11) 1.01(0.96; 1.05)
Smoking’, Crude OR 1.35(1.23; 1.49) 1.26(1.15; 1.37)
per 1 SD=15.2 pack-years Model 1 0.97(0.85; 1.11) 1.05(0.93; 1.19)
Model 2 0.94(0.81; 1.10) 1.01(0.88; 1.17)
Model 3 0.94(0.81; 1.10) 1.00(0.86; 1.16)
Alcohol consumption? (unit alcohol/day) Crude OR 0.87(0.78; 0.96) 1.01(0.91; 1.11)
Model 1 0.85(0.78; 0.93) 1.02(0.95; 1.10)
Model 2 0.86(0.77; 0.96) 1.02(0.95; 1.10)
Model 3 0.86(0.76; 0.96) 1.02(0.95; 1.10)

Data were presented as prevalence odds ratio (OR) and its 95% confidence interval (Cl).

'calculated from individuals who smoke.
2calculated from individuals who drink alcohol.
3Model for adjustment:

Model 1: adjusted for age and sex.

Model 2: adjusted for model 1 + other socio-demographic determinants (education, employment, marital, and socio-

economic status).
Model 3: adjusted for model 2 + body mass index
SD: standardized unit
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Table 3A. Association of clinical factors as continuous variables with prevalent diabetes in Indonesian

urban and rural population.

Prevalence Odds Ratio (95%Cl)

Variables Model’
Urban Rural
BMI (kg/m?) Crude OR 1.06 (1.05; 1.07) 1.06 (1.05; 1.07)
Model 1 1.06 (1.05; 1.07) 1.06(1.05; 1.08)
Model 2 1.06 (1.05; 1.07) 1.06 (1.05; 1.08)
Model 3 1.06 (1.05; 1.07) 1.06(1.05; 1.08)
Waist circumference (cm), Crude OR 1.19(1.16; 1.21) 1.15(1.12; 1.18)
per 5 unit increase Model 1 1.15(1.13; 1.18) 1.14(1.11;1.17)
Model 2 1.15(1.12; 1.17) 1.14(1.11;1.17)
Model 3 1.14(1.12; 1.17) 1.14(1.11; 1.16)
Model 4 1.11(1.07; 1.15) 1.11(1.07; 1.15)
Systolic blood pressure (mmHg), Crude OR 1.25(1.23; 1.27) 1.20(1.17; 1.22)
per 10 unit increase Model 1 1.12(1.10; 1.15) 1.10(1.08; 1.13)
Model 2 1.12(1.10; 1.15) 1.10(1.07; 1.13)
Model 3 1.12(1.10; 1.15) 1.09(1.07;1.12)
Model 4 1.10(1.08; 1.13) 1.07 (1.05; 1.10)
Diastolic blood pressure (mmHg), Crude OR 1.15(1.12; 1.17) 1.15(1.13; 1.18)
per 5 unit increase Model 1 1.09(1.07; 1.12) 1.11(1.09; 1.13)
Model 2 1.10(1.08; 1.12) 1.10(1.08; 1.13)
Model 3 1.10(1.07; 1.12) 1.10(1.08; 1.12)
Model 4 1.07 (1.05; 1.09) 1.07(1.05; 1.10)
Total cholesterol (mmol/L) Crude OR 1.67(1.58; 1.75) 1.49(1.42; 1.58)
Model 1 1.40(1.33; 1.48) 1.30(1.23; 1.38)
Model 2 1.40(1.32; 1.49) 1.30(1.22; 1.37)
Model 3 1.40(1.33; 1.49) 1.29(1.22; 1.37)
Model 4 1.37(1.29; 1.45) 1.25(1.18; 1.32)
LDL cholesterol (mmol/L) Crude OR 1.66(1.56; 1.76) 1.49(1.40; 1.58)
Model 1 1.40(1.32; 1.49) 1.30(1.22; 1.39)
Model 2 1.39(1.30; 1.48) 1.30(1.22; 1.39)
Model 3 1.39(1.29; 1.48) 1.30(1.21; 1.38)
Model 4 1.34(1.25; 1.43) 1.23(1.15; 1.32)
HDL cholesterol (mmol/L) Crude OR 0.65(0.54; 0.78) 0.82(0.67; 0.99)
Model 1 0.35(0.29; 0.43) 0.47 (0.38; 0.58)
Model 2 0.36(0.29; 0.44) 0.46(0.37; 0.57)
Model 3 0.34(0.28; 0.42) 0.45(0.36; 0.55)
Model 4 0.40(0.32; 0.50) 0.52(0.42; 0.65)
Triglyceride (mmol/L) Crude OR 1.32(1.25; 1.40) 1.32(1.24;1.41)
Model 1 1.30(1.22; 1.39) 1.32(1.24; 1.40)
Model 2 1.31(1.23; 1.41) 1.32(1.24; 1.41)
Model 3 1.33(1.24;1.42) 1.33(1.25; 1.42)
Model 4 1.28(1.20; 1.37) 1.28(1.20; 1.36)

Data were presented as prevalence odds ratio (OR) and its 95% confidence interval (Cl).

'"Model for adjustment:
Model 1: adjusted for age and sex.

Model 2: adjusted for model 1 + other socio-demographic determinants (education, employment, marital,

and socio-economic status).

Model 3: adjusted for model 2 + lifestyle determinants (physical activity, fruit and vegetable intake, smoking behaviour, and alcohol

consumption).

Model 4: adjusted for model 3 + body mass index.
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Figure 3. The differences in the association of lifestyle (A) and clinical (B) factors with prevalent diabetes between
Indonesian urban and rural population. Data were presented as prevalence odds ratio (OR) with its 95% confidence
interval (95%Cl) compared with the reference category (ref), i.e., urban population without risk factors.

For models in A, Associations were adjusted for age, sex, socio-demographic determinants (level of education, type of
employment, marital status, and socio-economic status), and body mass index (BMI).

For models in B, associations were adjusted for age, sex, socio-demographic determinants (level of education, type of
employment, marital status, and socio-economic status), lifestyle factors (moderate/vigorous physical activity, fruit and
vegetable intake, smoking, and alcohol consumption), and BMI.

Inactive was defined as moderate/vigorous physical activity <150 minutes/week.

Not adequate fruit and vegetable intake was defined as fruit and vegetable consumption <5 portions/day.

BMI categories were based on the WHO cut-offs for Asian population: underweight (BMI <18.5 kg/m2), normo-weight (BMI
18.5-22.9 kg/m2), and overweight/obese (BMI 223.0 kg/m2).

Ethnic-Specific (Asian) waist-circumference cut-offs for abdominal obesity were >90 cm for men and >80 cm for women.
Hypertension was defined as systolic blood pressure >140 mmHg AND/OR diastolic blood pressure >90 mmHg OR
previous hypertension diagnosis with current use of anti-hypertensive medications.

Hypercholesterolemia was defined as total cholesterol levels =5.2 mmol/L ((=200 mg/dL).

High LDL-cholesterol was defined as LDL-cholesterol levels 3.4 mmol/L (=130 mg/dL).

Low HDL-cholesetrol was defined as HDL-cholesterol levels <1.0 mmol/L (<40 mg/dL) in men or <1.3 mmol/L (<50 mg/
dL) in women.

Hypertriglyceridemia was defined as triglyceride levels =1.7 mmol/L (=150 mg/dL).

Dyslipidemia was defined based of one or more of the following criteria: total cholesterol 2200 mg/dL, OR LDL-cholesterol
=130 mg/dL, OR low triglyceride (=150 mg/dL), OR low HDL-cholesterol (<40 mg/dL in men or <50 mg/dL in women).
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DISCUSSION
In this study utilizing the data from RISKESDAS 2018, we observed several differences

in lifestyle and clinical determinants between Indonesian urban and rural population
aged =15 years old. Compared with the urban population, the rural population had a
better profile of lifestyle and clinical factors. Whereas there was no difference in the total
prevalence of diabetes between the populations, a higher prevalence of previously
diagnosed diabetes individuals using anti-diabetes medication was observed in the
urban than in the rural population. In terms of lifestyle, physical inactivity was a risk
factor for diabetes, and most strongly in the urban population. Whereas overweight/
obesity, abdominal obesity, hypertension, and dyslipidemia were all risk factors for
diabetes in both populations, there were no differences in the relation between these

risk factors and the prevalence of diabetes between the urban and rural population.

The observed higher physical activity levels in rural compared to urban population
had been shown in previous study.[30] This finding could be explained by the greater
proportion of individuals in rural areas who work in the informal sector, which need
more physical work, as shown in our previous study.[31] Our study also confirmed that
longer duration of MVPA in a week is inversely associated with diabetes and physical
inactivity is associated with higher risk of diabetes, which were more pronounced in
the urban population. This could be explained by previous findings that leisure time,

but not occupational physical activity, is associated with a lower risk of diabetes.[32]

Contrary to the finding from previous study,[33] we observed a positive association
between fruit and vegetable consumption and diabetes in the urban population.
One potential explanation for this finding may be reverse causation due to the cross-
sectional nature of our study: patients with diabetes may have adjusted their diet after
the diagnosis of diabetes. In addition, in our urban population, sex, age, and BMI
seemed strong confounding factors in this association. More women, with higher age
and BMI were observed for the highest tertile of fruit and vegetable intake compared
to the lowest tertile. Furthermore, the types of fruit or vegetable and serving methods
were not evaluated in this study. Previous study showed that certain types fruits or

vegetables and juices were positively associated with diabetes.[33,34]
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The finding of current smokers that is inversely associated with diabetes compared to
the non-smoker group was also reported to be confounded by sex and BMI by several
previous studies.[35,36]Indeed, in ourstudy, the current smoker group had a lower BMI
and male predominance compared with the non-smokers. Although, adjustment for
sex and BMI did not fully attenuate the associations. The observed inverse association
between alcohol consumption and diabetes in the urban population supports the
findings from previous studies showing that light/moderate drinking might lower
the risk of diabetes.[37,38] However, this finding must be interpreted carefully since
current drinkers may represent a small selective group of the Indonesian urban
population who drink alcohol, and may have a lower risk of diabetes because of other

reasons than alcohol consumption.

The higher BMI and waist circumference, as well as the higher proportion of obesity
in urban compared to rural population observed in the current study, confirmed the
finding from our previous study.[10] Our present study also found these adiposity
indices and obesity are positively correlated with diabetes in both populations, similar
to what had been observed previously.[39,40] In addition, higher blood pressure and
hypertension status as well-established clinical riskfactorsfordiabetes,[39,41]were also
confirmed in this study for both urban and rural populations. Subsequently, as reported
before,[15] our study also showed a higher prevalence of hypercholesterolemia,
high LDL-cholesterol, hypertriglyceridemia, and dyslipidemia in the urban than rural
population. In concordance with the finding from previous study,[42] our study also
observed positive associations between these lipid abnormalities and prevalent
diabetes.

Interestingly, although rural population had a better lifestyle and clinical profile than
the urban population, there were no differences in the associations with diabetes
between the two populations, except for physical activity. Nevertheless, it must be
noted there is an alarming increase of BMI in the rural areas of low-middle income
countries, possibly due to transition from undernutrition to complex malnutrition with
over consumption of low-quality calories,[43] which may lead to increased future rates

of diabetes in rural populations. Our previous studies also support this postulate,
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showing more unfavorable metabolic changes in rural compared to urban subjects,
when exposed towards short-term high-fat high-calories diet intervention,[44] as well

as a relatively long-term urban lifestyle.[10]

We observed no differences in the prevalence of total diabetes between urban and
rural population. This supports the finding from The 2014 Indonesia Family Life Survey
(IFLS) which showed a similar pattern (7.5% in urban vs. 6.8% in rural population) using
HbA1c measurement.[45] Interestingly, another study using the same IFLS database
reported a twice higher prevalence of known diabetes in the Indonesian urban
compared to the rural population (2.9% vs. 1.4%, for urban and rural, respectively),

similar to what was found in our current study.[46]

Based on the findings from our current study and The 2014 IFLS database, we could
observe that majority of individuals with diabetes in Indonesia were undiagnosed and
untreated, especially in the rural population. The higher proportion of undiagnosed
and untreated diabetes observed in the rural population might be due to several
factors: limited availability and difficulties to access of healthcare facilities,[47,48]
relatively poor socio-economic factors requiring prioritization of household resources
for needs other than health,[45] and the lower level of education may lead to a lack
of knowledge in the importance of diabetes screening.[49] In addition, this number
of undiagnosed diabetes in Indonesia is higher than the global prevalence of
44%, as reported by IDF in 2021.[1] Strikingly, compared with the 2007 Indonesian
Basic Health Survey report showing approximately 74% out of the 5.7% Indonesian
population with diabetes being undiagnosed,[50] there has been no improvement in
the last decade regarding undiagnosed diabetes in Indonesia. Thus, concrete actions
need to be taken by all related stakeholders to improve this condition since diabetes
is associated with many health complications,[51] even worse if left untreated or sub-
optimally managed.[52,53] In the long term, this could lead to deleterious outcomes

and an even higher burden on the Indonesian health and economic system.

The relatively large number of participants and nationally representative data are

some of the strengths of our current study. Thus, the findings in this study could be
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generalized to the whole Indonesian population. Another added point offered by this
study is the attempt to evaluate the magnitude of differences between urban and
rural population on the association of lifestyle and clinical factors with diabetes. Our
study also has some limitations that need to be considered. First, the unavailability
of HbA1c data for diabetes diagnosis might lead to an underestimation of the total
prevalence of diabetes in our study. Second, the observational and cross-sectional
design of this study does not allow to evaluate the temporal relationship between
exposures and outcome and may lead to reverse causation and residual confounding
that may explain the unexpected associations between certain lifestyle factors with
diabetes. Third, the possibility of information bias, including social desirability bias,
and possible measurement error, could not be fully excluded in this study. Fourth,
the unavailability of lipid lowering agent usage data might cause an underestimation
of the prevalence of dyslipidemia/lipid-associated disorders. Lastly, there are other
factors that might differ characteristically and in the association with diabetes between
rural and urban population but not included in this study, such as consumption of
high-risk foods,[54] macronutrients intake,[55] pollution,[56] parasitic infection,[57]
and psychological stress.[58]

In conclusion, our study showed a better profile of lifestyle and clinical factors in
the Indonesian rural compared to the urban population. Although there were no
differences in the total prevalence of diabetes between the two populations, a high
proportion of undiagnosed and untreated diabetes was observed, especially in the
rural population. Moderate/vigorous physical activity needs to be encouraged more
in the Indonesian population. Although there were no differences in the associations
between clinical risk factor and diabetes between the two populations, all risk factors
were associated with higher prevalence of diabetes. All these findings warrant
extensive action, along with supportive government health policies, to overcome
the diabetes pandemic in the Indonesian population. In particular, attention needs
to be addressed to the high prevalence of undiagnosed and untreated diabetes in

Indonesia.

124



Urban vs. Rural Lifestyle & Clinical Factors Association with Diabetes

Author contributions

Conceptualization: FK., F.S.S., R.dM.; Methodology: FK., F.S.S., ST, D.LT, E.S., R.dM.; Data acquisition: F.K,,
D.LT, EY. TJ.ET, D.S.H., PS.; Formal analysis: FK., F.S.S.; Supervision: E.S., P.S., R.dM.; Writing - original
draft: F.K.; Writing - review and editing: F.S.S., ST., D.LT, EY., T.J.ET, D.S.H., PS., ES., R.dM.

Conflict of Interest

The authors declare that they have no conflict of interest.

Funding

The study was supported by the grant PUTI Universitas Indonesia (Grant No. NKB-762/UN2.RST/
HKP.05.02/2020). The doctoral study of the first author was funded by a scholarship from The Indonesian
Endowment Fund for Education (Lembaga Pengelola Dana Pendidikan/LPDP) Ministry of Finance Republic
of Indonesia, Ref S-364/LPDP.3/2019. The funders had no role in the study design, analysis, decision to

publish, or preparation of the manuscript.

Acknowledgement

The authors would like to express our gratitude to all individuals who participated in the 2018 Indonesian
Basic Health Survey. We would also like to thank the Health Research and Development Institute, Ministry of
Health Republic of Indonesia, for providing the health survey data.

Author-details

'Division of Endocrinology, Metabolism, and Diabetes, Department of Internal Medicine, Dr. Cipto
Mangunkusumo National General Hospital/Faculty of Medicine Universitas Indonesia, Jakarta, Indonesia
2Department of Parasitology, Leiden University Medical Center, Leiden, The Netherlands

3Metabolic, Cardiovascular, and Aging Research Cluster, The Indonesian Medical Educational and Research
Institute, Faculty of Medicine Universitas Indonesia, Jakarta, Indonesia

“Department of Public Health Nutrition, Faculty of Public Health Universitas Indonesia, Jakarta, Indonesia
SDepartment of Internal Medicine, Section of Gerontology and Geriatrics, Leiden University Medical Center,
Leiden, The Netherlands

¢Department of Clinical Epidemiology, Leiden University Medical Center, Leiden, The Netherlands

125



Chapter 5

REFERENCES

126

IDF Diabetes Atlas 10th edition. International
Diabetes Federation; 2021.
Sun H, Saeedi

Ogurtsova K, Duncan BB, et al. IDF Diabetes

P, Karuranga S, Pinkepank M,

Atlas: Global, regional and country-level diabetes
prevalence estimates for 2021 and projections for
2045. Diabetes Res Clin Pract. 2022, 183, 109119.
Lin X, Xu'Y, Pan X, Xu J, Ding Y, Sun X, et al. Global,
regional, and national burden and trend of diabetes
in 195 countries and territories: an analysis from
1990 to 2025. Scientific Reports. 2020, 10.

Ling W, Huang Y, Huang YM, Fan RR, Sui Y, Zhao
HL. Global trend of diabetes mortality attributed
to vascular complications, 2000-2016. Cardiovasc
Diabetol. 2020, 19, 182.

Narres M, Claessen H, Droste S, Kvitkina T, Koch
M, Kuss O, et al. The Incidence of End-Stage Renal
Disease in the Diabetic (Compared to the Non-
Diabetic) Population: A Systematic Review. PLoS
One. 2016, 11,e0147329.

M, Manicardi V, Gallo M,

Chiatamone Ranieri S, Greci M, et al. Diabetes and

Ballotari P, Vicentini
risk of cancer incidence: results from a population-
based cohort study in northern Italy. BMC Cancer.
2017,17,703.

Mboi N, Murty Surbakti I, Trihandini |, Elyazar I,
Houston Smith K, Bahjuri Ali P, et al. On the road
to universal health care in Indonesia, 1990-2016: a
systematic analysis for the Global Burden of Disease
Study 2016. The Lancet. 2018, 392, 581-591.
Hidayat B, Ramadani RV, Rudijanto A, Soewondo P,
Suastika K, Siu Ng JY. Direct Medical Cost of Type 2
Diabetes Mellitus and Its Associated Complications
in Indonesia. Value Health Reg Issues. 2022, 28, 82-
89.

Fan P, Ouyang Z, Nguyen DD, Nguyen TTH, Park
H, Chen J. Urbanization, economic development,
environmental and social changes in transitional
economies: Vietnam after Doimoi. Landscape and
Urban Planning. 2019, 187, 145-155.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Kurniawan F, Manurung MD, Harbuwono DS, Yunir
E, Tsonaka R, Pradnjaparamita T, et al. Urbanization
and Unfavorable Changes in Metabolic Profiles:
A Prospective Cohort Study of Indonesian Young
Adults. Nutrients. 2022, 14.

McCloskey ML, Tarazona-Meza CE, Jones-Smith
JC, Miele CH, Gilman RH, Bernabe-Ortiz A, et al.
Disparities in dietary intake and physical activity
patterns across the urbanization divide in the
Peruvian Andes. Int J Behav Nutr Phys Act. 2017, 14,
90.

Hall KD, Heymsfield SB, Kemnitz JW, Klein S,
Schoeller DA, Speakman JR. Energy balance and
its components: implications for body weight
regulation. Am J Clin Nutr. 2012, 95, 989-994.
Schuster DP. Obesity and the development of type
2 diabetes: the effects of fatty tissue inflammation.
Diabetes Metab Syndr Obes. 2010, 3, 253-262.
Wang J, Sun W, Wells GA, Li Z, Li T, Wu J, et al.
Differences in prevalence of hypertension and
associated risk factors in urban and rural residents
of the northeastern region of the People’s Republic
of China: A cross-sectional study. PLoS One. 2018,
13,e0195340.

de Groot R, van den Hurk K, Schoonmade LJ, de Kort
W, Brug J, Lakerveld J. Urban-rural differences in the
association between blood lipids and characteristics
of the built environment: a systematic review and
meta-analysis. BMJ Glob Health. 2019, 4, e001017.
Parker K, Horowitz JM, Brown A, Fry R, Cohn Dy,
Igielnik R. What unites and divides urban, suburban,
and rural communities. Pew Research Center; 2018.
Kyrou |, Tsigos C, Mavrogianni C, Cardon G, Van
Stappen V, Latomme J, et al. Sociodemographic and
lifestyle-related risk factors for identifying vulnerable
groups for type 2 diabetes: a narrative review with
empbhasis on data from Europe. BMC Endocr Disord.
2020, 20, 134.

National Health
Development (NIHRD), Ministry of Health, Republic

Institute  for Research and



Urban vs. Rural Lifestyle & Clinical Factors Association with Diabetes

20.

21.

22.

23.

24.

25.

26.

27.

of Indonesia. Status Permintaan Data Jakarta
[Available
go.id/menu-layan/status-permintaan-datal.

Dany F, Dewi RM, Tjandrarini DH, Pradono J, Delima

D, Sariadji K, et al. Urban-rural distinction of potential

from:  http://labdata.litbang.kemkes.

determinants for prediabetes in Indonesian
population aged >/=15 years: a cross-sectional
analysis of Indonesian Basic Health Research 2018
among normoglycemic and prediabetic individuals.
BMC Public Health. 2020, 20, 1509.

Laporan Nasional RISKESDAS 2018. Jakarta: National
Institute for Health Research and Development
(NIHRD), Ministry of Health, Republic of Indonesia;
2018.

Indonesian Central Bureau of Statistics. Peraturan
Kepala Badan Pusat Statistik No. 37 Tahun 2010
Tentang Klasifikasi Perkotaan dan Perdesaan di
Indonesia Tahun 2010-Buku 1 Sumatera. Jakarta:
Biro Pusat Statistik; 2010.
National Institute for Health Research and
Development (NIHRD), Ministry of Health, Republic
of Indonesia. Kuesioner Individu RISKESDAS 2018
[Available http://labdata.litbang.
kemkes.go.id/images/download/kuesioner/
RKD/2018/236-kues_ind_rkd18.pdf].
2018

[Available from:

Jakarta from:

Statistik  Kesejahteraan Jakarta:

Badan Statistik;

Rakyat
2018
https://www.bps.go.id/publication
2018/11/26/81ede2d56698c07d510f6983/statistik-
kesejahteraan-rakyat-2018.html].

Wendel-Vos GCW, Schuit AJ, Saris WHM, Kromhout
D. Reproducibility and relative validity of the Short

Pusat

Questionnaire to Assess Health-enhancing physical
activity. J Clin Epidemiol. 2003, 56, 1163-1169.
Buku Panduan GERMAS-Gerakan Masyarakat Hidup
Sehat. Ministry of Health, Republic of Indonesia;
2016.

Inoue S, Zimmet P, Caterson |, Chunming C, lkeda
Y, Khalid AK, et al. The Asia-Pacific perspective:
redefining obesity and its treatment. Health
Communications Australia Pty Limited; 2000.

Unger T, Borghi C, Charchar F, Khan NA, Poulter

NR, Prabhakaran D, et al. 2020 International Society

28.

29.

30.

31.

32.

33.

34.

35.

36.

of Hypertension global hypertension practice
guidelines. Hypertension. 2020, 38, 982-1004.
Panduan Pengelolaan Dislipidemia di Indonesia
2021. PB PERKENI; 2021.

American Diabetes Association Professional Practice
C. 2. Classification and Diagnosis of Diabetes:
Standards of Medical in Diabetes-2022.
Diabetes Care. 2022, 45, 517-S38.
Machado-Rodrigues AM, Coelho ESMJ, Mota J,
Padez C, Martins RA, Cumming SP, et al. Urban-rural

Care

contrasts in fitness, physical activity, and sedentary
behaviour in adolescents. Health Promot Int. 2014,
29,118-129.

Sigit FS, Trompet S, Tahapary DL, Harbuwono DS,
le Cessie S, Rosendaal FR, et al. Adherence to the
healthy lifestyle guideline in relation to the metabolic
syndrome: Analyses from the 2013 and 2018
Indonesian national health surveys. Prev Med Rep.
2022,27,101806.

Medina C, Janssen |, Barquera S, Bautista-Arredondo
S, Gonzalez ME, Gonzalez C. Occupational and
leisure time physical inactivity and the risk of type Il
diabetes and hypertension among Mexican adults: A
prospective cohort study. Scientific Reports. 2018, 8.
Halvorsen RE, Elvestad M, Molin M, Aune D. Fruit
and vegetable consumption and the risk of type 2
diabetes: a systematic review and dose-response
meta-analysis of prospective studies. BMJ Nutr Prev
Health. 2021, 4,519-531.

Barouti AA, Tynelius P, Lager A, Bjorklund A. Fruit and
vegetable intake and risk of prediabetes and type
2 diabetes: results from a 20-year long prospective
cohort study in Swedish men and women. Eur J Nutr.
2022, 61,3175-3187.

Liu Y, Wang KS, Maisonet M, Wang L, Zheng SM.
Associations of lifestyle factors (smoking, alcohol
consumption, diet and physical activity) with type
2 diabetes among American adults from National
Health and Nutrition Examination Survey (NHANES)
2005-2014. J Diabetes. 2017, 9, 846-854.

Wang S, Chen J, Wang YZ, Yang Y, Zhang DY, Liu C, et
al. Cigarette Smoking Is Negatively Associated with
the Prevalence of Type 2 Diabetes in Middle-Aged

127




Chapter 5

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

128

Men with Normal Weight but Positively Associated
with Stroke in Men. J Diabetes Res. 2019, 2019.
Joosten MM, Chiuve SE, Mukamal KJ, Hu FB, Hendriks
HFJ, Rimm EB. Changes in Alcohol Consumption
and Subsequent Risk of Type 2 Diabetes in Men.
Diabetes. 2011, 60, 74-79.

Holst C, Becker U, Jorgensen ME, Gronbaek M,
Tolstrup JS. Alcohol drinking patterns and risk of
diabetes: a cohort study of 70,551 men and women
from the general Danish population. Diabetologia.
2017, 60, 1941-1950.

Bellou V, Belbasis L, Tzoulaki I, Evangelou E. Risk
factors for type 2 diabetes mellitus: An exposure-
wide umbrella review of meta-analyses. PLoS One.
2018, 13,e0194127.

Idris H, Hasyim H, Utama F. Analysis of Diabetes
Mellitus Determinants in Indonesia: A Study from the
Indonesian Basic Health Research 2013. Acta Med
Indones. 2017, 49, 291-298.

Kim MJ, Lim NK, Choi SJ, Park HY. Hypertension is
an independent risk factor for type 2 diabetes: the
Korean genome and epidemiology study. Hypertens
Res. 2015, 38, 783-789.

Peng J, Zhao F, Yang X, Pan X, Xin J, Wu M, et al.
Association between dyslipidemia and risk of type 2
diabetes mellitus in middle-aged and older Chinese
adults: a secondary analysis of a nationwide cohort.
BMJ Open. 2021, 11, e042821.

Bixby H, Bentham J, Zhou B, Di Cesare M, Paciorek
CJ, Bennett JE, et al. Rising rural body-mass index
is the main driver of the global obesity epidemic in
adults. Nature. 2019, 569, 260-264.

Tahapary DL, de Ruiter K, Kurniawan F, Djuardi Y,
Wang Y, Nurdin SME, et al. Impact of rural-urban
environment on metabolic profile and response to a
5-day high-fat diet. Sci Rep. 2018, 8, 8149.

Mulyanto J, Kringos DS, Kunst AE. Socioeconomic
inequalities in the utilisation of hypertension and
type 2 diabetes management services in Indonesia.
Trop Med Int Health. 2019, 24, 1301-1310.
Indrahadi D, Wardana A, Pierewan AC. The
prevalence of diabetes mellitus and relationship with
socioeconomic status in the Indonesian population.
Jurnal Gizi Klinik Indonesia. 2021, 17.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Profil Kesehatan Indonesia 2018. Ministry of Health
Republic of Indonesia. Jakarta; 2019.

Kosen S, Tarigan |, Usman Y, Suryati T, Indriasih E,
Harimat H, et al. Supply-side readiness for universal
health coverage: Assessing the depth of coverage
for non-communicable diseases in Indonesia.
Jakarta: The World Bank; 2014.

Asril NM, Tabuchi K, Tsunematsu M, Kobayashi T,
Kakehashi M. Qualitative Rural Indonesian Study of
Diabetes Knowledge, Health Beliefs, and Behaviors
in Type 2 Diabetes Patients. Health. 2019, 11, 263-
275.

Riset Kesehatan Dasar (RISKESDAS) 2007. Laporan
2007. Jakarta:
Pengembangan Kesehatan, Departemen Kesehatan
Republik Indonesia; 2008.

Deshpande AD, Harris-Hayes M, Schootman M.

Nasional Badan Penelitian dan

Epidemiology of diabetes and diabetes-related
complications. Phys Ther. 2008, 88, 1254-1264.

Ali SN, Dang-Tan T, Valentine WJ, Hansen BB.
Evaluation of the Clinical and Economic Burden of
Poor Glycemic Control Associated with Therapeutic
Inertia in Patients with Type 2 Diabetes in the United
States. Adv Ther. 2020, 37, 869-882.

Bain SC, Bekker Hansen B, Hunt B, Chubb B, Valentine
WJ. Evaluating the burden of poor glycemic control
associated with therapeutic inertia in patients with
type 2 diabetes in the UK. J Med Econ. 2020, 23,
98-105.

Neuenschwander M, Ballon A, Weber KS, Norat T,
Aune D, Schwingshackl L, et al. Role of diet in type
2 diabetes incidence: umbrella review of meta-
analyses of prospective observational studies. BMJ.
2019, 366, 12368.

Appuhamy JADRN, Kebreab E, Simon M, Yada R,
Milligan LP, France J. Effects of diet and exercise
interventions on diabetes risk factors in adults
without diabetes: meta-analyses of controlled trials.
Diabetology & Metabolic Syndrome. 2014, 6.

Song Y, Chou EL, Baecker A, You NCY, Song YQ, Sun
Q, et al. Endocrine-disrupting chemicals, risk of type
2 diabetes, and diabetes-related metabolic traits:
A systematic review and meta-analysis. J Diabetes.
2016, 8,516-532.



Urban vs. Rural Lifestyle & Clinical Factors Association with Diabetes

57.

58.

Rennie C, Fernandez R, Donnelly S, McGrath KCY.
The Impact of Helminth Infection on the Incidence
of Metabolic Syndrome: A Systematic Review and
Meta-Analysis. Front Endocrinol. 2021, 12.

Merabet N, Lucassen PJ, Crielaard L, Stronks

K, Quax R, Sloot PMA, et al. How exposure to
chronic stress contributes to the development of
type 2 diabetes: A complexity science approach.
Front  Neuroendocrinol. 2022, 65, 100972.

129




Chapter 5

SUPPLEMENTARY MATERIALS

Supplementary Table 1. The 2010 Indonesian Central Bureau Statistics criteria for defining urban and
rural areas in Indonesia.

Criteria Availability/accessibility for urban-related facilities
Farming

Popu.Iatlon Score household Score Urban-related facilities Criteria Score

density/km? percentage

<500 1 >70.00 1 a. Kindergarten ® Yes OR <2.5 km 1

500 - 1249 2 50.00 - 69.99 2 b. Junior high school ®>25km 0

1250 - 2499 3 30.00 - 49.99 3 c. Senior high school

2500 - 3999 4 20.00 - 29.99 4 d. Market e Yes OR <2.0 km 1

4000 - 5999 5 15.00 - 19.99 5 e. Shops ®>2.0km 0

6000 - 7499 6 10.00 - 14.99 6 f. Movie theatre ® Yes OR <5.0 km 1

7500 - 8499 7 5.00-9.99 7 g. Hospital ® 5.0 km 0

> 8500 8 <5.00 8 h. Hotel/Pool/Nightclub/ ® Yes 1
Massage parlors/Salon * No 0
i. Percentage of house-hold * >8.00 1
with telephone ® <8.00 0
j. Percentage of house-hold * >90.00 1
with electricity * <9000 0

Total score =10 was categorized as urban area.
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Supplementary Table 2. Age, sex, and BMI between tertiles of fruit and vegetable intake in Indonesian
urban and rural population.

Lowest tertile Mid-tertile Highest tertile
URBAN
Age*, years old 41.4(15.2) 42.6(14.5) 43.9(14.7)
Sex, %male 54.6 (53.2; 56.0) 50.2 (48.9; 51.6) 46.1(44.8; 47.4)
BMI*, kg/m? 23.8(4.6) 24.5(4.7) 24.9 (4.8)
Fruit and vegetable intake*, portion/day 0.6(0.4;0.9) 1.4(1.1;1.6) 2.7(2.1; 3.6)
RURAL
Age*, years old 45.2(17.6) 43.7 (16.5) 44.5(16.0)
Sex, %male 52.0(50.7; 53.4) 49.5(48.1; 50.9) 50.1(49.0; 51.2)
BMI*, kg/m? 22.7 (4.5) 23.2(4.7) 23.4(4.7)
Fruit and vegetable intake*, portion/day 0.7 (0.4;1.0) 1.3(1.1;1.5) 3(2.3;3.7)

*normally distributed continuous variable, presented as mean and its standard deviation.
*non-normally distributed continuous variable, presented as median (25th, 75th percentile)
BMI: body mass index

Supplementary Table 3. Association between fruit and vegetable intake tertiles and prevalent
diabetes in Indonesian urban and rural population adjusted for sex, age, and BMI.

Adjusted for Adjusted for Adjusted for Adjusted for
Fruit and vegetable intake Crude OR ! ! ) )

sex age BMI sex, age & BMI
tertiles
URBAN
Lowest tertile 1 1 1 1 1
Mid-tertile 1.14 1.12 1.12 1.09 1.07
(0.99; 1.31) (0.97;1.29) (0.97; 1.30) (0.95; 1.26) (0.92; 1.24)
Highest tertile 1.44 1.40 1.37 1.36 1.26
(1.26; 1.65) (1.23; 1.60) (1.19; 1.57) (1.19; 1.55) (1.09; 1.45)
RURAL
Lowest tertile 1 1 1 1 1
Mid-tertile 0.93 0.91 0.98 0.95 0.95
(0.81;1.07) (0.79; 1.05) (0.85; 1.14) (0.82; 1.10) (0.82; 1.09)
Highest tertile 0.97 0.96 1.01 0.96 0.96
(0.85; 1.11) (0.84; 1.10) (0.88; 1.16) (0.84; 1.10) (0.84; 1.10)

Data were presented as prevalence odds ratio (OR) and its 95% confidence interval (Cl).
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Supplementary Table 4. Age, sex, BMI, and pack-years between the three categories of smoking
habit in Indonesian urban and rural population.

Non-smoker Former smoker Current smoker
URBAN
Age*, years old 41.8(15.9) 49.0(14.5) 42.6(12.7)
Sex, %male 22.1(21.1; 23.1) 83.5(81.1; 85.7) 95.1(94.4; 95.8)
BMI*, kg/m2 25.1(5.1) 24.6 (4.6) 22.9(3.7)
Pack-years* 0 14.4(6.5; 30) 9.6(4.0; 18.6)
RURAL
Age*, years old 43.1(17.5) 51.0(16.5) 45.8 (15.0)
Sex, %male 18.6(17.7;19.6) 87.1(84.3; 89.5) 96.4(95.8; 96.9)
BMI*, kg/m2 24.0(5.2) 22.6(4.4) 21.7 (3.4)
Pack-years* 0 16.2(8.4; 28.2) 12(5.7; 21)

*normally distributed continuous variable, presented as mean and its standard deviation.
*non-normally distributed continuous variable, presented as median (25th, 75th percentile)
BMI: body mass index

Supplementary Table 5. Association between smoking habit and prevalent diabetes in Indonesian
urban and rural population adjusted for sex, age, and BMI.

Adjusted for Adjusted for Adjusted for Adjusted for

Smoking categories Crude OR sex age BMI sex, age & BMI
URBAN
- Non-smoker 1 1 1 1 1
- Former smoker 1.26 1.32 0.88 1.30 0.97
(1.06; 1.49) (1.10; 1.60) (0.74; 1.05) (1.09; 1.54) (0.79; 1.19)
- Current smoker 0.52 0.55 0.49 0.59 0.60
(0.45; 0.60) (0.46; 0.66) (0.43;0.57) (0.51; 0.68) (0.50; 0.73)
RURAL
- Non-smoker 1 1 1 1 1
- Former smoker 0.93 1.12 0.70 0.99 0.85
(0.72; 1.20) (0.85; 1.50) (0.54; 0.90) (0.76; 1.28) (0.64; 1.13)
- Current smoker 0.55 0.69 0.49 0.61 0.67
(0.48; 0.63) (0.56; 0.84) (0.43; 0.56) (0.54; 0.70) (0.55; 0.81)

Data were presented as prevalence odds ratio (OR) and its 95% confidence interval (Cl).
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Supplementary Table 6. Age, sex, and BMI among the groups generated from the interaction between

urban/rural and clinical factors.

Groups Age Sex (Y%omale) BMI
BMI Categories
- Urban, Underweight 37.6(18.6) 64.7 (62.1; 67.3) 17.1(1.0)
- Urban, Normo-weight 41.5(15.9) 60.1(58.8; 61.4) 20.9(1.2)
- Urban, Overweight/Obese 44.1(13.1) 42.3(41.3;43.3) 27.6(3.9)
- Rural, Underweight 46.7 (21.4) 62.6(60.4; 64.8) 17.2(1.2)
- Rural, Normo-weight 44.6(17.4) 62.1(60.9; 63.2) 20.8(1.3)
- Rural, Overweight/Obese 43.7(14.0) 35.6(34.5;36.7) 27.0(3.7)
Abdominal Obesity
- Urban, No abdominal obesity 40.6(15.3) 64.6 (63.6; 65.5) 21.7(3.0)
- Urban, Abdominal obesity 45.5(13.4) 29.9(28.7;31.1) 28.3(4.3)
- Rural, No abdominal obesity 44.2(17.3) 63.2(62.4; 64.0) 21.2(3.1)
- Rural, Abdominal obesity 45.0(14.5) 18.6(17.4,19.8) 27.8(4.3)
Hypertension
- Urban, No hypertension 37.9(14.0) 52.8(51.8;53.8) 23.4(4.3)
- Urban, Hypertension 49.7 (13.6) 46.6(45.3;47.8) 25.9 (4.9)
- Rural, No hypertension 40.2(16.1) 54.9 (54.0; 55.8) 22.2(4.2)
- Rural, Hypertension 51.0(15.1) 43.8(42.7; 44.9) 24.3(4.9)
Hypercholesterolemia
- Urban, No hypercholesterolemia 40.0(14.9) 53.4(52.5; 54.3) 23.8(4.7)
- Urban, Hypercholesterolemia 48.8(12.9) 43.0(41.6; 44.5) 25.6(4.7)
- Rural, No hypercholesterolemia 42.4(16.8) 54.0(53.2; 54.8) 22.7(4.4)
- Rural, Hypercholesterolemia 50.3(14.3) 40.8(39.3; 42.3) 24.2(4.9)
High LDL-Cholesterol
- Urban, Low/normal LDL-cholesterol 39.8(15.1) 53.0(52.1; 53.9) 23.6(4.6)
- Urban, High LDL-cholesterol 47.2(13.4) 46.0(44.8; 47.3) 25.6(4.8)
- Rural, Low/normal LDL-cholesterol 42.3(17.1) 53.9(53.0; 54.8) 22.5(4.4)
- Rural, High LDL-cholesterol 48.5(14.8) 44.3 (43.0; 45.6) 24.2(4.9)
Hypertriglyceridemia
- Urban, No hypertriglyceridemia 41.3(15.4) 46.4(45.5; 47.3) 23.8(4.7)
- Urban, Hypertriglyceridemia 46.0(12.9) 60.1(58.7; 61.5) 26.0(4.4)
- Rural, No hypertriglyceridemia 43.5(17.0) 48.1(47.2; 48.9) 22.6(4.5)
- Rural, Hypertriglyceridemia 47.2(15.2) 57.7 (56.2; 59.2) 24.4 (4.8)
Low HDL-Cholesterol
- Urban, High HDL-cholesterol 43.3(15.3) 55.2(54.2; 56.2) 23.5(4.5)
- Urban, Low HDL-cholesterol 41.7(14.2) 43.1(41.9; 44.4) 25.6(4.8)
- Rural, High HDL-cholesterol 45.8(16.7) 58.4(57.4;59.3) 22.3(4.2)
- Rural, Low HDL-cholesterol 42.5(16.3) 39.3(38.1; 40.5) 24.2(5.0)
Dyslipidemia
- Urban, No dyslipidemia 38.8(15.5) 55.6(54.1; 57.0) 22.5(4.4)
- Urban, Dyslipidemia 44.3(14.3) 48.0(47.1; 48.9) 25.2(4.7)
- Rural, No dyslipidemia 42.8(17.5) 60.3(58.9; 61.8) 21.6(3.8)
- Rural, Dyslipidemia 45.2(16.2) 45.9 (45.1; 46.8) 23.8(4.8)

Data were presented as mean (standard deviation) for age and BMl variables; meanwhile proportion and its 95% confidence

interval for sex variable.

BMI: body mass index
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Supplementary Figure 1. Conceptual framework and hypothesis diagram of the association between
socio-demographic, lifestyle, and clinical factors with diabetes in the urban and rural populations.
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