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ABSTRACT

BACKGROUND

In Indonesiathe number of personswith type 2 diabetes mellitus (T2DM)
was 8.5 million in 2013, and is estimated to be 11.8 million in 2030. The
aim of this study was to determine the major risk factors associated with
T2DM prevaence in urban aged >15 years.

METHODS

An observationa study with cross-sectional design was used with the
data from Riskesdas 2007 and 2013 on population aged >15 years. Total
respondentswere 294,352 (2007) and 368,281 (2013). Datawere collected
by trained personnel through interviews, blood pressure and
anthropometry measurements, and blood glucose and lipid tests. Odds
ratio (OR) was used to test the rel ationship between T2DM and a number
of other variables. Multiple logistic regression analysis was obtained to
determine the main risk factor associated with T2DM prevalence.

RESULTS

Type 2 diabetes mellitus prevalence increased from 2.3% (2007) to 2.5%
(2013). T2DM tended to be increased in the younger age groups. Low
education, middle-to-high economic status, less physical activity, smoking
>200 cigarettes, and high risk blood lipid levelswere strongly associated
with T2DM prevalence. The main risk factors were inadequate physical
activity (2007: OR 1.9;95% Cl:1.16-2.98 and 2013: OR 2.44;95% Cl:
1.57-3.78) and central obesity (2007: OR 1.8;95% CI:0.99-3.10, and
2013:0R 3.84; 95% ClI: 2.49-5.93) after controlling for age, gender,
employment and economic status.

CONCLUSIONS

Type 2 diabetes mellitus prevalence in the population aged >15 years
increased within 5 years. Lack of physical activity and central obesity
were the major risk factors of T2DM prevalence in urban adults.
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Obesitas sentral meningkatkan kejadian diabetes melitustipe 2
pada orang dewasa di perkotaan

ABSTRAK

LATAR BELAKANG

Di Indonesia jumlah penduduk dengan diabetes melitus tipe 2 (DM2) adalah 8,5 juta orang pada tahun 2013,
dan diperkirakan menjadi 11,8 juta pada tahun 2030. Tujuan penelitian ini untuk mendapatkan faktor risiko
utama yang berhubungan dengan kejadian DM pada penduduk umur >15 tahun di perkotaan.

METODE

Penelitian observasional dengan desain potong lintang digunakan dengan data Riskesdas 2007 dan 2013 pada
penduduk umur >15 tahun. Jumlah sampel sebanyak 294.352 (2007) dan 368.281 responden (2013). Pengumpulan
data oleh enumerator terlatih melalui wawancara, pengukuran tekanan darah, antropometri, dan pemeriksaan
darah (kadar glukosa darah dan lipid darah). Odds rasio (OR) digunakan untuk menetukan hubungan antara
T2DM dan beberapa variabel. Regresi logistik ganda digunakan untuk menentukan faktor risiko utama yang
mempunyai hubungan dengan kejadian DM2.

HASIL

Prevalensi DM2 meningkat dari 2,3% (2007) menjadi 2,5% (2013). Ada kecendrungan peningkatan DM2 pada
umur lebih muda. Penduduk dengan pendidikan rendah, status ekonomi mampu, kurang aktivitas fisik, merokok
>200 batang, dan kadar lipid darah berisiko mempunyai hubungan kuat dengan kejadian DM2. Sedangkan
faktor risiko utama adalah kurang aktivitas fisik (2007: OR 1,9;95% Cl:1,16-2,98 dan 2013: OR 2,44;95% ClI:
1,57-3,78) dan obesitas sentral (2007: OR 1;8; 95% Cl:0,99-3,10, dan 2013: OR 3,84;95% CI: 2,49-5,93)
setelah dikontrol oleh umur, jenis kelamin, pekerjaan dan status ekonomi.

KESIMPULAN
Terjadi peningkatan prevalensi DM2 pada penduduk umur >15 tahun dalam kurun waktu 5 tahun di perkotaan.
Kurang aktivitas fisik dan obesitas sentral merupakan faktor risiko utama dari kejadian DM2 pada orang

~

dewasa di perkotaan.

\.

Kata kunci: Aktivitas fisik, obesitas sentral, diabetes melitus tipe 2, orang dewasa, perkotaan

INTRODUCTION

The number of personswith type 2 diabetes
mellitus (T2DM) isexpected to become aburden
in adults, particularly in especially developing
countries. In 2013, there were 382 million people
with diabetes, and this number is projected to
become 592 millionin 2035. The majority (77%)
of people with diabetes live in low and middle
income countries.® The International Diabetes
Federation (IDF) estimates that in 2030 a total
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of 398 million (7.1%) will haveimpaired glucose
tolerance (IGT) and that DM will cause 4.9
million deaths in 2014, or that every seven
seconds one person will die from DM.@

In the Asia Pacific region, T2DM
constitutes a health problem. Undiagnosed cases
or case with delayed diagnosisand low levels of
monitoring are frequently associated with
increased risk of microvascular and
cardiovascular disease, disabilities, and
premature deaths.®4
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Although Indonesia does not belong to the
10 countrieswith the highest diabetes prevalence
intheworld, asacountry with alarge popul ation,
in 2013 it was number 7 in rank, with 8.5 million
personswith T2DM, whichisprojected to become
11.8 million in 2030.® The results of the Basic
Health Research (Riset Kesehatan Dasar,
Riskesdas) of 2007 and 2013 showed that the
prevalence of T2DM in Indonesia, as obtained
by interviews, also tended to increasefrom 1.1%
© t0 2.1%.7

Diabetes mellitus is a life-long chronic
metabolic disease that is a risk factor for
cardiovascular disease, a major cause of death.
Uncontrolled diabetes mellitusresultsin various
complications, such asdiabetic foot, neuropathy,
retinopathy, chronic renal disease, coronary heart
disease, and stroke.®

Theresultsof several studies haveindicated
anumber of unmodifiable and modifiablefactors
that increase the risk of DM. Unmodifiable risk
factors include ethnicity, family history of
diabetes, age, history of delivery of infantsof >4kg
body weight, and history of gestational DM.
Modifiablerisk factors comprise overweight, low
physica activity level, hypertension, dydipidemia,
and unhealthy diet (high in sugar and low in
fiber).©9

Awareness of the increased incidence of
T2DM and measures to prevent T2DM by
controlling therisk factors need to be promoted.
For this purpose, the prevalence and the
determining risk factors of T2DM should be
continuoudly investigated and analyzed from year
to year. To date no information was available on
studies showing a tendency of increased T2DM
incidence in Indonesia adults residing in urban
areas. The objective of thisstudy wasto determine
atendency of increased prevaence of T2DM and
its determining risk factorsin urban adults.

METHODS
Research design

Thisresearch waspart of the Riskesdas 2007
and 2013 studies. Thiswas anon- interventional
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cross-sectional study conducted from September
to November 2007 and from August to October
2013.

Sudy subjects

The respondents were household members
aged >15 years, residing in urban areas, of
househol ds sel ected as samplesin Riskesdas 2007
or Riskesdas 2013. The inclusion criteria were
residents >15 years old, males and females,
agreeing to beinterviewed and to be subjected to
blood sampling. The number of respondents
fullfilling theinclusion criteriain 2007 and 2013
were 294,352 and 368,281 respectively.

Interviews

Interviews were performed using a
guestionnaire comprising items on
sociodemographic characteristics, past history of
disease, and high risk behavioral factors. The
guestionsfocused on the respondents having been
diagnosed by health personnel as suffering from
T2DM, onthe T2DM symptom triad (polyphagia,
polydipsia, and polyuria) and on current use of
antidiabeticsor insulininjections.

M easurements

Of the anthropometrical measurements,
weight was measured in “kg” using personal
scales, and height was measured in “cm” using a
stadiometer. Abdominal circumference was
measured in “cm” using ameasuring tape. Body
mass index (BMI) was calculated from the
formula: BMI (kg/m?) = weight (kg)/[height (m)?].
Blood pressure was measured using a digital
sphygmomanometer.

Laboratory analysis

Blood samples from the cubital vein were
drawn after the respondents had fasted for 10-12
hours. Fasting and 2-hour postload blood glucose
concentrations were determined by
electroenzymatic methods. Blood lipid
concentration was determined at the Health
Research and Development Agency (HRDA,
Balitbangkes) integrated laboratory, using the
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Cobas 6000 Roche analyzer and the C501module
kit on enzymatic colorimetric principles.%
Blood examinations consisted of fasting glucose
measurement and determination of blood glucose
2 hours after loading with a solution of 75 g
glucose in 250 ml water, total cholesterol, high
density lipoprotein (HDL), low density lipoprotein
(LDL), and triglyceride concentrations.

Diabetes mellitus type 2 was diagnosed
according to the 2011 guidelines of theAmerican
Diabetes Association (ADA).12 The T2DM
diagnostic criteria were considered to be met if:
1) random plasma glucose concentration was
>200 mg/dL and theclassical symptomsof T2DM
were present, such as polyuria, polydipsia,
polyphagia, and unexplained weight loss; 2)
fasting plasma glucose of >126 mg% with
classical T2DM symptoms; 3) 2-hour postload
glucose >200 mg/dL .

Blood lipid concentration wasreferenced to
the normal values according to the National
Cholesterol Education Program (NCEP)-Adult
Treatment Panel (ATP) 111.4® Normal total
cholesterol was taken as <200 mg/dL, and
abnormal total cholesterol concentrationsincluded
the criteriaborderline (200-239 mg/dL) and high
(>240 mg/dL). In the analysis, the limit of 240
mg/dL wastaken. Thenorma HDL valueinmales
and femaleswas >40 mg/dL and theoptimal LDL
value was <100 mg/dL. Based on the reference,
the category of near optimal/above optimal was
100-129 mg/dL, borderline high was 130-159 mg/
dL, high had avalue of 160-189 mg/dL, and very
high had avalue of >190 mg/dL. Intheanalysis,
LDL valueswere categorized as<160 mgdL and
>160 mg/dL. The normal triglyceride value was
<150 mg/dL. There were several triglyceride
categories, i.e. borderline high with the values of
150-199 mg/dL, high with 200-499 mg/dL and
very high with >500 mg/dL. In the analysis, the
triglyceridelimitsweretaken as<200 mg/dL and
>200 mg/dL.

Dataanalysis

Data analysiswas performed descriptively
to describe the prevalence distribution of T2DM
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based on several variables. The odds ratio was
used to test for a relationship between T2DM
and a number of other variables. Furthermore,
multiple logistic regression analysis was used
to obtain models of T2DM risk factors.

Ethical clearance

The conduct of Riskesdas 2007 and
Riskesdas 2013 had obtained ethical approval
from the Ethical Commission of the Health
Research and Devel opment Agency, Ministry of
Health, Republic of Indonesia (NHRD-MOH
RI).

RESULTS

The prevalence of T2DM based on
symptoms (DM triad) and blood glucose testing
(fasting and 2 hour postload) in persons aged
>15yearsincreased from 2.3% in 2007 to 2.5%
in 2013. The prevalence of T2DM increased with
advancing age up to 55-64 years, then tended to
decrease up to 75 yearsor above. Thiswasfound
in both the findings of the year 2007 and 2013.
When comparing these two studies, therewasa
tendency for the T2DM prevalenceto increase,
particularly in the younger age groups.

The prevalence of T2DM was higher in
personswith low education and middle-to-high
economic status (quintiles 3-5) in comparison
with high education and low economic status
(quintiles 1-2). Working males had more
frequently T2DM in comparison with
nonworking females in 2007, but the opposite
occurred in 2013 (Table 1).

The prevalence of T2DM was higher in
persons with inadequate physical activity, in
smokerswith aBrinkmanindex of 200 cigarettes
or more, in ex-smokers, consumers of fruitsand
vegetables of 3 servings or more per day,
consumers of sweets and consumers of coffee
of lessthan once daily in 2007 and 2013. On the
other hand, the prevalence of T2DM was higher
in 2007, but lower in 2013, in persons who
consumed fatty foods once daily or more (Table
1).
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Table 1. Relationship between T2DM and sociodemographic characteristics
and behavior of respondents

TZDM
Characteristic Year 2007 Y ear 2013
% P OR % P OR
& ge group
1524 w 0.3 0.0o0 0a 0.000
2534w 0.2 0E&
344w 1.6 1.2
45-54 w 4.1 50
5564w .6 TS
6574 @ 6.3 T0o
75+ 58 52
G ender
Iale 2.5 0213 D90r-113 23 oooo 1.201.1-1.3
Fem ale 24 27
E ducati on
< Junior high school 24 0413 D9 0r-113 18 0.000 050708
Serd ot high school+ 12 21
Empl oy ent
e ployed 2.0 00zl 13010-16) 30 0.000 070708
Emplosed 2.6 22
Quintile
Cuintilesl-2 1.8 0001 1.5012-19 1.2 0.000 1.4014-15
Cuintiles 3-5 1.4 28
Behavior
Physical acti wity
Adeguate 1.8 0.0o0 1.7(1.4-21) 24 0.000 1.5(15-14)
Inadecuate 3.2 34
Brinkm anindex
< 200 cigarettes 1.7 0014 12(11-28) ] 0.000 2101925
=200 cigatettes 3l 33
S okl ng behavioe
Non-smoker 2.1 0.0a0 28 0.000
Active smoker 2.3 19
Ex-asmoker 53 54
C otusunption of fradt s and wegetables
= 3 gervings/day 2.5 0214 D90r-113 27 0.000 09 (0E-0m:
< 3 serwings/day 24 24
Sweets
< luiday 3T 0.0o0 04(03-05 34 0.000 0.5(05-05
= lxfday 1.6 1.8
Fattyfoods
= lxfday 2.2 00s1 13010-17 27 0.000 0.2 (02-05
= lufday 2.9 23
C offee corsum phi on
< lxfday 2.5 0013 07 (0a-09 27 0.000 0.7 (07-08)
= lxfday 1.9 22

In general, higher fasting and 2-hour were collected, so that thisfinding could not be
postload blood glucose concentrations were compared. High- risk blood lipid concentrations
strongly associated with theincidenceof T2DM.  (total cholesterol, HDL, LDL, triglycerides) had
In 2007 no fasting blood glucose concentrations  astrong association with theincidence of T2DM
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Table 2. Relationship between T2DM and biological risk factor

T2DR
Biokgical risk factor Year 2007 Year 2013
O P OR ) P oR
Fastingblood glucose
= 100 m g% - 0.9 0.000
100-125 mght - 2.7
= 126 m g% - 230
2y postprandial blood ducose
<140 m g% ia 0214 1.1 0.000
140-<200 mg¥ 0.0 2.7
=200 mg% 0.0 203
T aotal cholesterol
<240 mg% 22 n.0o0 1471119, 2.4 oooo0 33¢2E-39,
=240 mg% R 7.3
HOL
Mot at risk 2.0 n.0o0 1471118y 2.4 0242 09051
At rigk 1% 2.5
LDL
<160 mg% 2.1 oooo o 1.A012-1.9 2.3 oooo 272330
=160 mg% 32 5.9
Triglyreerides
<200 m g% - 2.4 oooo 2A22-310
=200 mg% - &.0
BRI
<37 kgim” 2.0 Dooo 2301E-2, 2.1 oooo 1701 4-12)
=27 kgim” 4.4 37
Abdominal ciroan ference
Mot at risk 1.7 Dooo 25020-310) 1.9 oooo 23022-24
Atrisk 4.3 4.4
Hrypertension
Mo 1.5 Dooo 23018-2M 1.5 0ooo 3503430
Yes 34 3.2
Ilental disturbances
Ha 2.0 o.0o0 2401831 2.1 0000 323G 4-4M
Y ez 4.7 7.7

OR : oddsratio; T2DM : type 2 diabetes mellitus

in the studies of 2007 and 2013. The prevalence
of total cholesterol and LDL versus T2DM
showed an increase in comparison with 5 years
previously (2007). Similar, in the obese, body
massindex and abdominal obesity carried ahigher
risk than in the non-obese. The prevalence of
hypertension and mental-emotional disturbances
in persons with T2DM increased within the 5-
year period (Table 2).

Riskesdas 2007 showed that the factors
associated with T2DM, in addition to age, aso
comprised inadequate physical activity,
consumption of sweets, and central obesity, after
controlling for the variabl es gender, employment,
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and economic status. Higher age was strongly
associated with incidence of T2DM. Personswith
inadequate physical activity had a1.9fold higher
risk (95% ClI:1.16-2.98) for T2DM, in
comparison with those with adequate physical
activity. Persons with central obesity had a 1.8
fold higher risk (95% CI1:0.99-3.10) in comparison
with those without central obesity. The models
had a 97.9 percent concordance with the true
classification (Table 3).

The factors associated with T2DM in
Riskesdas 2013 showed a 97.5 percent
concordance with the true classification, except
for inadequate physical activity with OR 2.4 (95%
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Table 3. Determining factors of T2DM
prevalencein 2007

Adjusted 95 CI for OR
OR* L ower Upper
Age group
2534w 0.973 0.227 4178
35-44 w 4121 1.214 13.964
4554 wr 6.572 1.9a9 21 938
55-64 w 11136 3352 37.000
65-Td w 6.571 1.696 25.454
i+ g 1.000 .
Less active 1.858 1.157 2082
Sweds 0.431 0.273 06g1
Central ohesity 1.759 099z ERAIL

* Adjusted odds ratio controlled for variables in this table

Table 4. Determining factors of T2DM
prevalencein 2013

Mjusi:d 95 Cl for OR
OoR* Lower Upper

Employed 1.96% 1.140 3399
Less active 2.439 1.574 3779
Friuitsvegetables<3  0.850 421 1.005
servings per day
Smoking =200 1.646 1.0 2368l
cigarettes
Total cholegterol at 0.453 212 D69
rigk
LDL =200 mg¥ 1.912 1.083 3377
Central chesity 3.842 2.488 5934
Hypertension 1.537 D0% 2360
Emoti sl 3.359 2.028 5565
ol sharbatices
Fasting gluco ==
100-125 mg¥ 2.451 1,453 4133
=126 m g 9.a03 5165 1TES
2 bt pp gucose
140 =200 m g% 1.233 Fda 2.038
=200 m 2 2.392 1.318 4344
Ezx- and daily 4375 2627 A.955
st oker

* Adjusted odds ratio controlled for variables in this table

Vol. 34 No.3

Cl: 1,57-3,78) and central obesity with OR 3.8
(95% ClI: 2.49-5.93) (Table 4).

Active smokers and ex-smokers had a 4.3
fold higher risk (95% Cl: 2.63-6.96) of suffering
from T2DM than non-smokers. Persons with
emotional disturbanceshad a3.4 fold higher risk
(95% ClI: 2.03-5.57) of suffering from T2DM
than those without mental emotional disturbances.
Persons with inadequate physical activity (less
active) had a 2.4 fold higher risk (95% CI 1.57-
3.78) than those with adequate physical activity.
Persons with LDL cholesterol concentrations of
>200 mg/dl had a 1.9 fold higher risk (95% ClI
1.08- 3.38) than those with LDL cholesterol
concentrations of <200 mg/dl. Persons who
smoked >200 cigaretteshad a1.7 fold higher risk
(95% CI 1.06-2.56) than those who smoked <200
cigarettes. Persons with hypertension had a 1.5
fold higher risk (95% CI 0.99-2.37) than those
without hypertension. Personswith fasting blood
glucose concentrations of 100-125 mg/dl had a
2.5fold higher risk (95% CI 1.45-4.23), but those
with fasting blood glucose concentrations of >126
mg/dl had a9.6 higher risk (95% CI 5.17-17.85),
whereas persons with 2-hour postload blood
glucose concentrations of >200 mg/dl had a 2.4
fold higher risk (95% CI 1.32-4.34), after
controlling for the variables age, gender, and
economic status.

DISCUSSION

Diabetes mellitus is a health problem that
has most rapidly devel oped as a consequence of
changesin life style. The prevalence of T2DM
based on symptoms and blood glucosetestingin
personsaged >15 yearswithin aperiod of 5years
increased by 0.2% (2.3% in 2007 vs 2.5% in
2013).

The results of analysis showed that the
determining factors of T2DM incidence are
inadequate physical activity and central obesity
in both 2007 and 2013. In the bivariate analysis
of the 2007 data, the incidence of T2DM had a
significant association with BMI scores of >27
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kg/m?2, smokerswith a Brinkman index of >200
cigarettes, LDL cholesterol concentrations of
>200 mg%, emotional disturbances, and
hypertension, but had no significant association
in the multivariate analysis.

However, a cohort study showed that
central obesity was not a risk factor for the
occurrence of new onset T2DM.¥ The
occurrence of new onset T2DM consists of
increasesin positive components of the metabolic
syndrome. Even accumulation of triglycerides
and free fatty acids may be associated with
insulin resistance and beta cell dysfunction, so
that monitoring of the blood glucose and
triglyceride concentrationsisvery important in
patients with T2DM, particularly those with
central obesity.®®

Asadeveloping country with increasingly
improved conditions, changesin dietary structure
and lifestyleresult in altered food consumption,
with more high caloric and high fat foods, while
the requirement for physical exertion in
occupational and daily activities has been
reduced. These factors have led to increased
obesity, thus causing a serious increase in the
risks of comorbidity such as T2DM, heart
disease, certain cancers, and shorter life
expectancy. Longitudinal studiesarein support
of thefact that adiet highin fat and caloriesand
inadequate physical activity are risk factorsfor
obesity and that the diabetes incidence of 80-
95% may be associated with obesity with fat
distribution in the abdominal region. However,
there are still many people who tolerate obesity.
The underlying mechanism of genetic diversity
in the oxidation of substrates is poorly
understood, and may explain the occurrence of
inter-individual variability in weight gain from
life style.®® The negative influence of
urbanization (living in metropolitan areas,
having at least one car) on the level of activity,
thus increasing the risk of T2DM, has been
demonstrated in a Lebanese study in adults.”
In addition, the significantly decreased physical
activity in the older age groups and in females
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does not reach the recommended targets, in
comparison with mal es.*®
A study in China showed that the prevalence of
diabetesincreased with increasing age and weight
on the basis of body massindex. The prevalence
of diabetes was also found to be higher in the
urban than in the rural population.®®
Furthermore, the cognitive factor of emotion,
which affects dietary intake, may explain why
someindividualsare ableto survivewhile having
obesity.?® Whatever the reasons associated with
it, obesity has contributed to non-communicable
disease, especially diabetes mellitus.V

A study of the National Institutes of Health
inthe USfound that moderate activity (30 minutes
daily per week) or vigorous exercise (20 minutes
three times weekly) is associated with overall
reductionsin therisk of death by 27% and 32%,
respectively. The study concluded that regular
physical activity is the most important part of
diabetes management planning and this finding
underlines the importance of the regular
application of physical activity aspart of lifestyle
measures.®? Blomster et a.® in their study
concluded that moderate and vigorous activity are
significantly associated with the reduction of
cardiovascular and microvascular incidence, and
of all-cause mortality in patients with T2DM.
Another study showed a significant association
of physical activity with age, gender, and ethnicity.
Withincreasing agethelevel of physical activity
waslower than recommended. Females (49%) had
less physical activity than recommended, in
comparison with males (62.4%).9

A cohort study involving 6,997 respondents
showed that metabolic dysfunction increased the
risk of T2DM. In the group with normal weight
the risk was 4.7 fold higher, in the group with
overweight the risk was 8.5 fold higher, and in
the group with obesity 16.3 fold higher, in
comparison with the group with normal weight
without metabolic dysfunction.? One of the
limitations of this study was its cross-sectional
design, which takes a momentary snapshot of
the conditions of the subjects, so that it cannot
asyet provide an answer to the causes and effects
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of central obesity inincreasing the incidence of
T2DM in urban adults.

CONCLUSIONS

Within a five-year period there was an
increase in the prevalence of T2DM. The major
risk factors associated with the prevalence of
T2DM was central obesity. This may be of note
in the ingtitution of preventive and promotive
measures to inhibit or prevent T2DM events,
particularly in urban areas.
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