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ABSTRACT

High prevalence of diabetes mellitus is caused by various factors such as lifestyle changes and obesity, and tends to be
higher in urban than in rural areas. The aim of this study was to analyse obesity, physical activity, smoking, and family
history as determinants of type 2 diabetes mellitus in Manado City, Indonesia. A matched case-control study of
outpatients at five public health centres in Manado City from February to November 2018 was conducted; cases were
patients who had been clinically diagnosed with type 2 diabetes mellitus and controls were those without a diagnosis,
and these were matched in a 1:1 ratio based on age and sex. Simple random sampling was used with a total of 128
participants, and data were analysed by McNemar’s test and conditional logistic regression. The results showed p-values
for obesity of <0.05 (OR=7.75, 95% Cl=2.73-21.95), for physical activity of <0.05 (OR=11.00, 95% Cl|=3.37-35.86), for
smoking of 0.208 (OR=1.58, 95% CI=0.76-3.26), and for family history of diabetes mellitus of <0.05 (OR=7.00, 95% Cl=2.45-
19.95). Multivariate modelling showed physical activity had the highest odds of causing to type 2 diabetes mellitus with
OR equals to 7.89. Significant associations were found between obesity, physical activity, and family history with
physical activity returning the highest odds. Changes in lifestyle are highly recommended to prevent increased risk of
type 2 diabetes mellitus, particularly to include frequent physical activity such as jogging, running, walking, or other
aerobic exercise to increase insulin sensitivity.
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INTRODUCTION
One of the targets of the UN’s Sustainable

with an increase of 230,000 patients®. The
International Diabetes Federation estimates that

Development Goals (SDGs) is to reduce by one
third the early mortality rate from non-
communicable diseases (NCD) as part of several
other health targets'. Diabetes mellitus (DM) is one
of the NCDs with high case numbers, its global
incidence continuing to rise annually. The latest
data from the World Health Organization (WHO)
shows that in 2000, 150 million of the global
population suffered from DM and that this figure
will double by 20252,

In 20-79 year olds, the worldwide prevalence of DM
has increased from 5.9% to 7.1% (246 to 380
people), although the relative proportions vary
from 15:85 in developed countries to 5:95 in
developing countries’. The WHO’s 2014 ‘Global
Status Report on Non-communicable Diseases’
stated that the global prevalence of DM was 9% at
that point. The proportion of deaths from DM is 4%
with 80% of these occurring in low and middle
income countries. In 2030, it is estimated that DM
will rank as the seventh highest cause of death in
the world?”.

Based on WHO data, Indonesia has the 6th highest
number of DM patients after India, China, America,
Japan, and Brazil*. Recorded in 2005, the number
of people with DM in Indonesia reached 5 million

the number of people with DM in Indonesia will
more than double from the 2,598,000 recorded in
2007 to 5,210,000 patients by 2025. The WHO
describes this increase in, especially type 2, DM
patients as often experienced by developing
countries, including Indonesia*. Type 2 DM and
other insulin disorders tend to appear from the age
of 45 because by this stage, the body has
experienced many changes, specifically in the
pancreas that produces insulin in the blood?.

In addition, DM is a risk factor for various major
conditions such as coronary heart disease, heart
failure, and stroke®. According to the American
Diabetes Association, DM patients have a 40% risk
of suffering from glaucoma and a 60% risk of
cataracts compared to non-DM  patients.
Furthermore, people with DM are 1.5 times more
likely to suffer stroke, and the risk of death for DM
stroke patients is 2.8 times higher than non-DM
patients’.

Many elements are considered risk factors for type
2 DM and can be grouped into three categories,
namely socio-demographic (e.g. age, gender,
marital status, education level, occupation),
clinical/mental (e.g. obesity, stress), and lifestyle
factors (e.g. diet, physical activity, smoking,
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alcohol consumption)®. According to the WHO, an
unhealthy lifestyle is one of the ten primary causes
of death and disability in the world.9 More than
two million deaths are caused each year by a lack
of physical activity. In such cases, the number of
calories entering the body is not proportional to
those that are burned meaning that they
accumulate and cause physical deterioration and
various diseases such as DM, hypertension, heart
disease, and stroke’.

The number of people with diabetes, especially
type 2 DM, is increasing across the world,
particularly in developing countries because of
lifestyle changes and obesity’. The 2016 ‘Health
Profile of North Sulawesi Province’ ranked DM as
5th of 10 prominent diseases through integrated
health center surveillance with a total of 5,055
cases'0. Similarly, DM ranked 5th of 10 with 939
cases in a 2017 report for Manado City''. The
purpose of this study was to analyze the risk of
obesity, physical activity, smoking, and family
history to type 2 DM events in Manado City,
Indonesia.

METHODS

This research was a quantitative observational
analytic study with case-control design conducted
from February to November 2018 in five health
centres in Manado City, namely the Bahu,
Ranotana Weru, Tikala Baru, Sario, and Teling Atas
health centers. These five centers were selected
due to their relatively high numbers of DM cases in
comparison with other health centres. As such, the
study population was all patients (male and
female) that visited any of the five centres in the
study period; cases were patients with a 6-month
clinical diagnosis of type 2 DM (December 2017 to
May 2018) as identified through medical records
and controls were patients who had no such
diagnosis but who had visited the health centres
during the study period. Cases were matched to
controls in a 1:1 ratio based on age and sex, having
been sampled using a simple random sampling
technique. Control selection was established by
attendance list and matching factors (age and
sex). The results of the calculations using the
Lemeshow sampling formula identified the
minimum number of cases to be 64, and, since this
study uses a ratio of 1:1, the total sample included
128 participants.

The independent variables were obesity, smoking,
physical activity, and family history of DM, and the
dependent variable was type 2 DM events. The
instruments used were a questionnaire, weight
scales, and microtoise with accuracy of 0.1 cm.
The questionnaire was built from the standard 30
items in the Indonesian Ministry of Health’s ‘Basic

health research’ instrument which were adjusted
to the current research variables. The sources for
this study are the primary data obtained through
direct interaction with the research subjects using
questionnaires, weight scales, and microtoise, and
the secondary data from health profiles, annual
and monthly routine case reports of NCDs, and NCD
patient lists obtained from the North Sulawesi
Provincial Health Office, the Manado City Health
Office, and the five participating health centres.

Bivariate analysis was carried out using McNemar’s
test and multivariate analysis with conditional
logistic regression (CLR) which were implemented
in light of the binary matched pairs and to
investigate the association between an outcome
being an event (case) or a non-event (control) and
a set of prognostic factors. According to the
Central Bureau of Statistics’ ‘Manado City in
Figures 2018’,12 Manado City is located at the
northern tip of Sulawesi island; it is the capital of
and the largest city in the province. The
population of Manado City in 2017 was 430,133
which, in an area of 157.26 km2, represents a
relatively high population density of 2,736
people/km?.

RESULTS

The distribution of respondent characteristics can
be seen in Table 1. The 55-64 age group can be
seen as being most represented in both the case
and control groups with a percentage of 37.5%.
Most case and control respondents were female
with a percentage of 53.1%.

Table 1. Distribution of respondent
characteristics.

Respondents
Characteristic  Case Control Totals

n % n % n %
Age group
(year)
35-44 9 14.1 9 14.1 18 141
45-54 18 28.1 18 28.1 36 28.1
55-64 24 37.5 24 37.5 48 37.5
65-74 13 20.3 13 20.3 26 20.3
275 0 0 0 0 0 0
Total 64 100 64 100 128 100
Gender
Male 30 46.9 30 46.9 60 46.9
Female 34 53.1 34 53.1 68 53.1
Total 64 100 64 100 128 100

The risk factors in this study are the independent
variables of obesity, smoking, physical activity,
and family history of DM. The details of these
factors across the respondents in this study can be
seen in Table 2.
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Table 2. Distribution of risk factors across
respondents.

Respondents
Risk factor Case Control

n % n %
Obesity
Yes 46 71.9 19 29.7
No 18 28.1 45 70.3
Smoking
Yes 36 56.3 29 45.3
No 28 43.7 35 54.7
Physical
activity
Less 48 75 18 28.1
Enough 16 25 46 71.9
Family history
of DM
Yes 48 75 24 37.5
No 16 25 40 62.5

Table 2 shows that of the 128 respondents, 46
(71.9%) cases were obese while 19 (29.7%) controls
were obese. Of the cases, 36 (56.3%) smoked while
29 (45.3%) controls also smoked. The number of
cases who had less physical activity was 48 (75%),
but just 18 (28.1%) of controls undertook less
physical activity. A history of DM in the family was
present in 48 (75%) of cases and in 24 (37.5%) of
controls.

Bivariate analysis with 2x2 tables was applied to
all independent variables in this study to
determine the significance of association between
them and type 2 DM events. The statistical test
used was McNemar’s test to calculate the odds
ratio (OR) of each with confidence interval (Cl) of
95%. The results of this bivariate analysis between
the risk factors and type 2 DM events are
presented in Table 3.

Table 3. McNemar’s test results of the
independent variables and type 2 DM.

seven times the risk of developing type 2 DM as
compared to people who are not obese.

The results of the bivariate analysis of smoking and
type 2 DM events show a p-value of 0.208 (95%
Cl=0.76-3.26) which means that there is no
significant association between them. On the other
hand, analysis between physical activity and type 2
DM obtained a p-value of 0.001 indicating a
significant association between the two. The OR
value for physical activity against type 2 DM events
was 11.00 (95% Cl=3.37-35.86) which means that
physical activity is a risk factor and that people
who undertake less physical activity are 11 times
as likely to suffer from type 2 DM compared to
those who undertake enough.

A p-value of 0.002 was obtained through bivariate
analysis of DM family history and type 2 DM events.
This can be interpreted as showing significant
association between DM history with type 2 DM.
The results of the analysis show an OR value for
these elements of 7.00 (95% Cl=2.45-19.95) which
means that family history is a risk factor and those
who have such history are seven times as likely to
suffer from type 2 DM compared to those who do
not.

Subsequently, multivariate analysis in the form of
Conditional Logistic Regression (CLR) was
conducted to determine the association between
all independent variables and type 2 DM events.
The purpose of this analysis was to determine the
most dominant risk factors associated with type 2
DM. The first CLR model can be seen in Table 4.

Table 4. Multivariate analysis between
independent variables and type 2 DM (First
model).

Variable p-value OR 95% ClI
Obesity 0.001 7.7500 2.73-21.95
Smoking 0.208 1.5833 0.76-3.26
Physical 0.001 11.0000 3.37-35.86
activity

Family 0.002 7.0000 2.45-19.95
history of

DM

Variable p-value OR 95% Cl
Obesity 0.014 6.27 1.45-27.11
Smoking 0.553 1.43 0.43-4.78
Physical 0.006 7.49 1.76-31.86
activity

Family 0.028 4.60 1.17-18.05
history of

DM

The results in Table 3 show that the p-value
between obesity and type 2 DM equals to 0.006
which means that there is a significant association
between the two (p<0.05). The analysis also
obtained an OR value of 7.75 (95% Cl=2.73-21.95)
which means that obesity is a risk factor for type 2
DM and that people who are obese have more than

Table 4 shows that the first multivariate model
returned a p-value for smoking of 0.553 (p>0.05);
the smoking variable was therefore excluded from
the second round of analysis. The final results the
CLR analysis can be seen in Table 5.
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Table 5. Multivariate analysis between independent variables and type 2 DM (Second model).

Variable p-value OR 95% Cl

Obesity 0.013 6.44 1.48-27.93
Physical activity 0.006 7.89 1.83-34.04
Family history of DM 0.018 4.98 1.31-18.95

The information in Table 5 can be analyzed to
determine the most dominant variable in relation
to type 2 DM events in this study. Physical activity
returned the highest OR value of the three at 7.89
(95% Cl=1.83-34.04), showing that it is the most
dominant risk factor associated with type 2 DM
events. The 7.89 OR value means that people who
undertake less physical activity have more than
seven times the chance of developing type 2 DM
than those who undertake enough, after being
controlled by the obesity and family history
variables.

DISCUSSION

Obesity is where body weight exceeds skeletal and
physical requirements as a result of the
accumulation of fat in the body. When body fat is
more than 30% in women and 25% in men it is
categorized as obesity,13 and the prevalence of
obesity is positively correlated with the incidence
of diabetes. Fat deposits manifested as an increase
in waist size encourage the development of
degenerative diseases such as DM, an increase in
plasma insulin, and insulin resistance syndrome®,

The prevalence of obesity and type 2 DM is rapidly
increasing throughout the world, with around 60%
of obesity cases suffering from type 2 DM, and, the
larger the body mass index (BMI), the greater the
risk of developing the disease'®. The results of the
present study are in line with research conducted
by Trisnawati and Setyorogo (2013) at the
Cengkareng District Health Center in West Jakarta,
Indonesia in which obesity was found to be a risk
factor associated with the incidence of type 2 DM
(p=0.006). BMI, together with other variables, has
a significant association with DM, and the results
of their OR calculations show that someone who is
obese has a risk of developing diabetes. Indeed,
the obese group had the greatest diabetes risk at
7.14 times greater than that of the normal BMI
group's.

Research conducted by Adnan, Mulyati, and Isworo
(2013) in Tugurejo Hospital, Semarang, Indonesia
showed that there is an association between BMI
and blood sugar levels in type 2 DM patients
(p<0.05)'®. Elsewhere, research conducted in rural
India found that overweight or obese people are
more prone to developing diabetes than those with
normal BMI results (B: 0.388; 95% Cl 0.147 to

0.628)". The influence of BMI on the incidence of
diabetes is the result of a lack of physical activity
and the high consumption of carbohydrates,
protein, and fat as risk factors for obesity. This
increases the formation of cellular free fatty acids
(FFAs) which then decreases the translocation of
glucose transporters to the plasma membrane and
causes insulin resistance in muscle and adipose
tissue's.

Physical activity is movement of the body which
causes the simple expenditure of energy; it is very
important for maintaining physical and mental
health, as well as quality of life, by being healthy
and fit. When engaged in physical activity, muscles
use more glucose than when they are at rest, thus
blood glucose concentration will decrease.
Through physical activity, insulin works more
effectively so that glucose can enter the cells to
be burned as energy'®. A study by Anani, Udiyono,
and Ginanjar (2012) at Arjawinangun General
Hospital in Cirebon Regency, Indonesia show a
significant association between physical activity
and the incidence of type 2 DM (p=0.012)%2,
Comparable results were found by Wicaksono
(2011) at the Internal Medicine Polyclinic of Dr.
Kariadi, Indonesia where the key risk factor
associated with type 2 DM was found to be a lack
of exercise (p=0.038 and OR=3.00)%'. Meanwhile, in
the USA, diabetes risk was found to be lower in
patients who walked with a brisk or striding style
as compared to those who undertook none or
walked at a casual pace (Hazard Ratio (HR) 0.67;
95% Cl 0.54 to 0.84), in those who undertook
higher levels of exercise (HR for highest vs lowest
quartile 0.79; 95% Cl 0.63 to 0.98), and in patients
who took any compared to no vigorous physical
activity (HR 0.79; 95% Cl 0.66 to 0.95)22, Regular
physical activity can increase insulin sensitivity and
glucose tolerance, and it also has beneficial
effects on body fat, blood pressure, fat
distribution, and body weight, the various aspects
of chronic metabolic syndrome, so that it can
prevent cardiovascular disease?’.

The risk of suffering from type 2 DM if one parent
has the disease is 15%, and this rises to 75% if both
parents are affected. The risk of developing DM is
10-30% greater in cases where the mother has it
than in those where the father is the sufferer. This
is due to a decrease in genes when in the womb is
greater than the father. If a sibling has type 2 DM,
there is a 10% risk of development in others, and,



Malaysian Journal of Public Health Medicine 2019, Vol. 19 (2): 54-60

if identical twins are involved, the risk is 90%2%,
Research by Etika and Monalisa (2016) at
Ngadiluwih Kediri Health Center, Indonesia shows a
significant association between family history and
the incidence of type 2 DMZ. Family history is
therefore a useful detector for people with DM in
their families. In theory, the disease is associated
with chromosomes 3q, 15q, and 20q, and two
potential loci have been identified, namely 7p and
11p. This may represent a genetic risk for DM?. In
China, similar research found that DM history in
immediate relatives is not only significantly
related to the level of B-cell defects but also has a
significant and independent rank correlation with
the prevalence of diabetes in individuals.
Multivariate logistic regression analysis here
showed that the OR of having diabetes was 6.16
(95% Cl: 4.46-8.50) and 2.86 (95% Cl: 2.41-3.39)
times higher in FH2 and FH1, respectively, than in
FHO after adjustment for classical diabetes risk
factors. FH2 and FH1: at least two generations and
one generation of first-degree relatives with
diabetes, respectively; FHO: no first-degree
relatives with diabetes?’.

Our study provides further proof of association
between obesity, physical activity, and family
history and the incidence of type 2 DM in Manado
City, Indonesia. The city of Manado continues to
grow rapidly every year, with the construction of
buildings and entertainment venues such as malls
that directly affect people’s lifestyles. An
unavoidable consequence of this is a change in diet
which then results in obesity. Preventative changes
in lifestyle are highly recommended to mitigate
the increased risk of type 2 DM, particularly in
terms of frequent physical activity to increase
insulin sensitivity such as jogging, running,
walking, or other aerobic exercise.

The case-control study design allowed more
effective prediction of type 2 DM risk factors than
a cross-sectional study. Nevertheless, we used
retrospective information from medical records
that have certain limitations in terms of the
variables collected. This study has other
limitations including the short period of data
collection and small sample size. In future studies,
a bigger sample from more health centers, a
longer data collection period, different socio-
demographic characteristics, and other clinical and
metabolic factors could be considered to reduce
these limitations.

CONCLUSION

Obesity, physical activity, and family history of DM
are risk factors for type 2 DM events. The most
dominant risk factor associated with type 2 DM is
physical activity so that people who undertake less

physical activity are seven times more likely to
develop the disease than those who do enough,
after control for obesity and family history
variables. Changes in daily lifestyle are highly
recommended to prevent this increased risk of
type 2 DM, in particular frequent physical activity
to increase insulin sensitivity such as jogging,
running, walking, or other aerobic exercise.
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