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ABSTRACT

Background and purpose: The prevalence of diabetes mellitus (DM)
in Indonesia is increasing, including in Buleleng District, Bali Province.
Studies regarding determinants of blood glucose control in DM patients
show varied findings. This study aims to examine association between
blood glucose level with physical activity, compliance to medication
and glycemic load among DM patients.

Methods: A cross-sectional survey was conducted in Buleleng District
General Hospital from March to April 2017. A total of 73 patients were
concecutively recruited to participate in our study. Data were collected
through interview, observation and measurement. Data collected
included socio-demographic characteristics, fasting blood glucose level,
1-hour and 2-hour postprandial blood glucose levels, carbohydrate intake,
body mass index, glycemic index, glycemic load, physical activity, genetic
or family history, and compliance to medication. A bivariate analysis
was performed to examine association between independent variables
and blood glucose levels. Multivariate analysis was also conducted to
calculate adjusted odd ratio using a binary logistic regression.

Results: Our study found that blood glucose levels of most
respondents were relatively well managed-63% for fasting,
61.6% for 1-hour postprandial, and 63% for 2-hours postprandial.
Multivariate analysis revealed that fasting blood glucose level were
associated with regular physical activities (AOR=74.09; 95%Cl:
7.52-729.69) and compliance to medication (AOR=11.90; 95%Cl:
2.24-63.29). Furthermore, 1-hour postprandial blood glucose level
were associated with breakfast glycemic load (AOR=0.63; 95%Cl:
0.47-0.85) and compliance to medication (AOR=27.29; 95%Cl:
2.29-323.95), while 2-hour postprandial blood glucose level were
associated with breakfast glycemic load (AOR=0.69; 95%Cl: 0.54-
0.89) and compliance to medication (AOR=19.81; 95%Cl: 2.31-
170.14).

Conclusions: Factors associated with fasting blood glucose level were
regular physical activities and adherence to medication, while 1-hour
and 2-hours postprandial blood glucose levels were both influenced by
breakfast glycemic load and compliance to medication.
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INTRODUCTION

The prevalence of diabetes mellitus (DM) is increas-
ing at both regional and global levels.* International
Diabetes Federation reported that as many as
415 million adult population in 2015 lived with DM
and it was predicted to reach 642 million patients
in 2040.? The total DM patients in Indonesia was
increased from 9.1 million people in 2014° to
10 million patients in 2015,” and it was predicted to
reach 21.3 million patients by 2030.* In Buleleng
District, a survey revealed that the proportion of
reported family members who have been diagnosed
with DM by health providers was increased from 0.9%
in 2007°to 1.7% in 2013.° The total number of DM
out-patients in District General Hospital of Buleleng
was 11,260 in 2016,” whereas in mid-2017 (up to
May), the total DM out-patients has reached 4,728.°
A high level of blood sugar leads to several
complications between five to ten years after the

diagnosis, which include: blindness, kidney failure,
gangrene, and other cardiovascular diseases.’ The
management of DM is essential because DM is a
lifetime disease. Prevention measures to delay such
complications are critical for patients, for example
blood sugar control using fasting and post-prandial
blood glucose levels as indicators.*

Several studies in hospital settings in Indonesia
have documented that blood sugar control practices
among DM patients were poor. A study at Internal
Medicine Polyclinic at Dr. Kariadi Hospital,
Semarang City in 2008 found that as many as 76.1%
of DM patients presented with a high fasting blood
glucose level and 78.3% DM patients presented with
a high 2-hour postprandial blood glucose level.*
A study in Sanglah General Hospital Denpasar in
2012 reported that a poorly managed blood glucose
level was found among 65.1% of DM in-patients.*
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In addition, a study at Diabetes Polyclinic at Dr
Soetomo Hospital revealed that as many as 66% of
DM patients were found to have poorly managed
blood sugar levels.*

Studies investigating factors associated with
blood sugar management show varies results. A
study at Tugorejo District Hospital, Semarang
conducted in 2014 found that a physical exercise
program can improve blood sugar level of type 2
DM patients.** Another study conducted at Arja
Winangun District Hospital Cirebon in 2012
revealed that physical activities, regular exercise,
and diet compositions are associated with manage-
ment of blood sugar level among DM patients.”
A study in Dr. Kariadi Hospital, Semarang City
in 2014 also found that total carbohydrate intake
and glycemic index can influence fasting and 2-
hours postprandial blood glucose levels."* Studies
conducted at public health centres also show simi-
lar findings. A study at Kembiritan Public Health
Centre in Banyuwangi District in 2014 reported
that compliance to medication and nutritional
status might improve glycemic control among type
2 DM patients.*® In addition, a study conducted
at all public health centres in South Denpasar
Subdistrict in 2013 revealed that obesity based on
waist circumference is a risk factor for developing
type 2 DM.”

This study aims to examine association between
blood sugar level among type-2 DM out-patients
with physical activity, compliance to medication
and glycemic load.

METHODS

A cross-sectional survey was conducted from March
to April 2017 in Buleleng District Hospital. A total
of 73 patients were selected using a concecutive
technique from all DM patients visiting out-patient
polyclinic services at Internal Medicine Polyclinic
Buleleng District Hospital. Data on carbohydrate
intake, glycemic index, and glycemic load were
collected using a semi quantity-food frequency
questionnaire (SQ-FFQ) and a direct observation
using a food record form.* Data on fasting and 2-
hours postprandial blood glucose levels were
obtained from laboratory result, while the 1-hour
postprandial blood glucose level were obtained
using a glucometer. Data on physical activity,
family history or genetic and compliance to medi-
cation were obtained from a structured interview.
Specific to compliance data, we used the Morisky
Medication Adherence Scale (MMAS-8)."**° Data
on body mass index (BMI) were calculated from
body weight and height variables. All data collec-
tion processes hamely interview, observation, and
measurement were conducted by the researcher

and two trained enumerators. Informed consent
was obtained from all respondents prior to data
collection. Bivariate analysis was conducted to test
the mean difference and correlation between two
variables. Mean difference was tested using Mann
Whitney U test while correlation was tested using
Kendal Tau_b. Multivariate analysis was conducted
using a binary logistic regression to obtain Adjusted
Odds Ratio (AOR) at 95% confidence interval
level. Our study protocol has been approved by the
Human Research Ethics Committees Faculty of
Medicine Udayana University and Sanglah General
Hospital Denpasar.

RESULTS

Table 1 depicts characteristics of respondent by
age, sex, carbohydrate intake, glycemic index,
glycemic load and blood sugar levels. The major-
ity of respondents aged between 40 to 49 years
(52.1%) with an average of 47.34+7.02 years
and female (57.5%). Over the last month, most
of respondents consumed adequate amount of
carbohydrate (72.6%), with high glycemic index
(60.3%), and with low glycemic load (65.8%).
During breakfast at the hospital, the majority of
respondents consumed adequate amount of carbo-
hydrate (64.4%) with low glycemic index (52.1%).
The proportion of glycemic load was divided into
three categories: low (30.1%), moderate (37.0%),
and high (32.9%). Blood glucose levels of most
respondents were relatively well managed — 63%
for fasting, 61.6% for 1-hour postprandial, and
63% for 2-hours postprandial blood glucose levels.
Table 2 describes our bivariate analysis using the
Mann Whitney U test. Our analysis revealed that
fasting blood glucose level were associated with
physical activities and compliance to medication
(p<0.001), while 1-hour and 2-hours postprandial
blood glucose levels were associated with compli-
ance to medication (p<0.001).

Table 3 shows our bivariate analysis using the
Kendall Tau_b correlation test to examine associa-
tion between dependent and independent variables.
Our analysis showed that fasting blood glucose
level was significantly correlated with carbohydrate
consumption in the last month (r=0.197; p=0.015),
glycemic index in the last month (r=0.501;
p<0.001), and glycemic load in the last month
(r=0.529; p<0.001). Furthermore, 1-hour postpran-
dial blood glucose level was associated with carbo-
hydrate intake in the morning or during breakfast
(r=0.315; p<0.001), breakfast glycemic index
(r=0.556; p<0.001), and breakfast glycemic load
(r=0.608; p<0.001), while the 2-hour postprandial
blood glucose level was correlated with carbohy-
drate intake during breakfast (r=0.325; p<0.001),
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Table 1 Distribution of respondents by age, sex, carbohydrate intake,

glycemic index, glycemic load and blood glucose level

Variables n=73 %
Characteristics
Age (years)
<39 13 17.8
40-49 38 52.1
50-59 20 27.4
>60 2 2.7
Sex
Male 31 425
Female 42 575
Diet patterns over the last month
Carbohydrate intake
High 20 274
Adequate 53 72.6
Glycemic index
Low 16 219
Moderate 13 17.8
High 44 60.3
Glycemic load
Low 48 65.8
Moderate 8 11.0
High 17 23.2
Breakfast
Carbohydrate intake
High 26 35.6
Adequate 47 64.4
Glycemic index
Low 38 52.1
Moderate 16 219
High 19 26.0
Glycemic load
Low 22 30.1
Moderate 27 37.0
High 24 329
Blood sugar levels
Fasting
Poorly controlled 27 37.0
Well managed 46 63.0
1-hour postprandial
Poorly controlled 28 384
Well managed 45 61.6
2-hours postprandial
Poorly controlled 27 37.0
Well managed 46 63.0
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breakfast glycemic index (r=0.580; p<0.001), and
breakfast glycemic load (r=0.617; p<0.001).

Table 4 presents our multivariate analysis which
found that fasting blood sugar level were signifi-
cantly associated with regular physical activities
(AOR=74.09; 95%Cl: 7.522-729.69) and compli-
ance to medication (AOR=11.9; 95%Cl: 2.241-
63.29). Furthermore, our analysis also revealed
that 1-hour postprandial blood glucose level
were significantly associated with compliance to
medication (AOR=27.29; 95%CI: 2.298-323.95)
and breakfast glycemic load (AOR=0.63; 95%ClI:
0.470-0.848), while the 2-hours postprandial blood
glucose level were associated with compliance to
medication (AOR=19.81; 95%CI: 2.306-170.14)
and breakfast glycemic load (AOR=0.69; 95%ClI:
0.543-0.888). Other variables which included
genetic or family history, carbohydrate intake and
glycemic index were not associated with the control
of blood glucose level.

DISCUSSION

Our study found that regular physical activities was
significantly associated with control of fasting blood
sugar, but were not associated with 1-hour and
2-hours postprandial blood glucose levels. It can be
explained that blood glucose was transformed into
energies through oxidation processes during physical
activities.” In addition, physical activities also lead to
an increased blood flow resulting in opening up of
more capillary bands as well as improving effective-
ness of insulin receptors.” Our study revealed that
regular physical activities were not associated with
1-hour and 2-hours post prandial blood glucose
levels because the effects of diet patterns as well as
the compliance factor towards medication are more
dominant on the multivariate analysis. A high glyce-
mic load might reduce the control of 1-hour and 2-
hours postprandial blood glucose, while compli-
ance to medication may improve the control of 1-
hour and 2-hours postprandial blood glucose.

Carbohydrate intake was not associated with
fasting and 2-hours postprandial blood glucose
levels, however it significantly influenced the 1-
hour post prandial blood glucose level though the
95% confidence interval was close to 1 indicating
that it might be clinically insignificant. Other study
conducted at Internal Medicine Polyclinic of Prof.
Dr. Soerojo Hospital found that carbohydrate intake
was not associated with blood sugar levels among
DM patients (p=0.717).” In addition, a study at
Dr. Moewardi District Hospital of Surakarta found
that carbohydrate intake was not correlated with
fasting and 2-hours postprandial blood glucose
levels among DM patients (p=0.346).%
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Table 2 The difference between blood sugar levels by physical activity, genetic or family history and compliance to

medication
Median of blood sugar levels (K1-K3)*
Variables n (%) Fasting 1-hour postprandial 2-hours postprandial
Physical activity
Regular 33 (45.2) 107 (101-114) 173 (164-179) 154 (148-167)
Not regular 40 (54.8) 144 (117-154) 186 (168-228) 170 (149-211)
p<0.001 p=0.088 p=0.080
Genetic or family history
Yes 30 (41.1) 126 (110-150) 191 (161-235) 176 (145-215)
No 43 (58.9) 115 (105-135) 174 (167-211) 154 (148-193)
p=0.176 p=0.180 p=0.223
Compliance to medication
High 52 (71.2) 110 (104-122) 172 (161-179) 154 (145-167)
Low 21 (28.8) 148 (128-154) 222 (203-256) 206 (187-238)

p<0.001

p<0.001

p<0.001

*Tested using Mann Whitney U

Table3 Correlation between blood sugar levels with BMI, carbohydrate intake, glycemic index and glycemic load

Variables Blood sugar levels r p value
Body mass index (BMI) Fasting 0.085 0.296
1-hour postprandial 0.083 0.305
2-hours postprandial 0.084 0.303
Carbohydrate intake
Over the last month Fasting 0.197 0.015
Breakfast 1-hour postprandial 0.315 <0.001
Breakfast 2-hours postprandial 0.325 <0.001
Glycemic index
Over the last month Fasting 0.501 <0.001
Breakfast 1-hour postprandial 0.556 <0.001
Breakfast 2-hours postprandial 0.580 <0.001
Glycemic load
Over the last month Fasting 0.529 <0.001
Breakfast 1-hour postprandial 0.608 <0.001
Breakfast 2-hours postprandial 0.617 <0.001
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Our study revealed that glycemic load was not
associated with the control of fasting blood glucose
but was correlated with the control of 1-hour and
2-hours postprandial blood glucose levels. It might
be due to the dominant effects of physical activities
and compliance to medication on fasting blood
sugar level. Our descriptive analysis suggested
that there was a significant difference of fasting
blood glucose level based on physical activities and
compliance to medication. Median value of fasting
blood glucose level among patients who perform
regular physical activities was significantly lower
than those who do not regularly exercise. Similarly,

median value of fasting blood sugar level among
patients with high compliance was lower than those
with poor compliance. In addition, during the fast-
ing period there was no glucose consumption for
about 10-12 hours where all blood glucose came
from glycogenolysis on the liver. Our finding is
consistent with other study conducted at Batua
Raya Public Health Centre and Bara Barayya Public
Health Centre in Makasar City which found that
there was a significant association between blood
glucose level and glycemic load (p=0.004).* Other
study at Dr. Kariadi Hospital in Semarang City also
found that there was a positive association between
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Table 4 Multivariate analysis using a binary logistic regression between blood sugar levels and several independent
variables

Independent variables! Blood sugar levels? B Sig. Exp (B) 95%CI
Physical activity? Fasting 4.305 <0.001 74.09 7.522-729.69
Compliance to medication* 2477 0.004 11.9 2.241-63.290
Constant value -2.408 0.002

Breakfast glycemic index® 1-hour postprandial -0.460 0.002 0.631 0.470-0.848
Compliance to medication* 3.306 0.009 27.29 2.298-323.95
Physical activity® 1.905 0.097 6.719 0.707-63.865
Carbohydrate intake during the breakfast® -0.072 0.046 0.931 0.867-0.999
Constant value 10.615 0.003

Breakfast glycemic load® 2-hours postprandial -0.364 0.004 0.695 0.543-0.888
Compliance to medication* 2.986 0.006 19.81 2.306-170.14
Carbohydrate intake during the breakfast® -0.064 0.061 0.938 0.878-1.003
Constant value 9.396 0.003

Variables that were included in the multivariate ana lysis: physical activity, genetic or family history, cc mpliance to mec cation, carbohydre te intake, glycemic index,
and glycemic load

2A well managed category of fasting, 1-hour postprz ndial, and 2-hours postprandial glood glucose levels was used as a reference

3A regular physical exercise was used as a reference

“A high compliance to medication was used as a rekrence . A

5The glycemic load and carbohydrate intake during the breakfast were analysed as an interval variable

glycemic load and 2-hour postprandial blood
glucose level (r=0.775; p<0.001).**

Our study identified that compliance to medi-
cation was significantly associated with fasting, 1-
hour, and 2-hours postprandial blood glucose
levels. In addition, our analysis also revealed that
there was a significant difference in median blood
glucose values based on compliance to medica-
tion. Patients with high compliance were found to
have a lower median blood sugar (fasting, 1-hour
and 2-hour post prandial) values than those with
poor compliance. Our finding is consistent with
other study conducted in Umbulharjo 11 Public
Health Centre, Yogyakarta which found that there
was a significant association between compliance
to medication and blood sugar level among DM
patients (OR=8.57; 95%Cl: 2.05-35.92).%

Our study found that genetic factor or family
history was not associated with fasting, 1-hour, and
2-hours post prandial blood glucose levels. This
might be due to the dominant effects of the glycemic
load and compliance to medication. Our descrip-
tive analysis suggested that most of our patients
consumed a low glycemic load diet (76.7% in the
last month, 72.6% during the breakfast at the hospi-
tal) and adhered to their medication either oral
tablet or insulin injection (71.2%). These findings
are consistent with a cross-sectional survey among
BMPK employees and Local Secretariat of Depok
City in 2014 which found that history of DM in the
family was not associated with fasting blood glucose
level (p=0.211).* However, a cross-sectional study
conducted at Cengkareng Public Health Centre in

West Jakarta found that family history or genetic
increased the likelihood to acquire DM (OR=4.19;
95%Cl: 1.25-14.08).” In our study, all respondent
are DM patients therefore family history was no
longer a dominant determinant that influences
blood sugar levels.

Our study also found that BMI was not associ-
ated with fasting, 1-hour, and 2-hours post pran-
dial blood glucose levels. Our finding is consistent
with a cross-sectional study conducted in Nigeria
which found that there was no significant associa-
tion between BMI and random blood glucose level
(r=0.00; p=0.30).” However, our study is different
from cross-sectional studies conducted in India
and Estonia which discovered that there was a
significant correlation between BMI and blood
glucose level among DM patients.?*

Furthermore, our study showed that glycemic
index was not correlated with fasting, 1-hour, and

2-hour post prandial blood glucose levels. This
might be due to the dominant effects of other inde-
pendent variables in the multivariate model which
included physical activities, compliance to medica-
tion, and glycemic load. Our finding is consistent
with a nested cohort study conducted in Europe
Region which found that food with high glycemic
index were not associated with increased risk of
acquiring DM.** Another study at Sanglah General
Hospital Denpasar also revealed that there was no
significant association between glycemic index and
the control of blood glucose among DM patients.*

One of main limitation of our study is that we
utilize glycemic index data from other countries
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due to limited data available on glycemic index for
Indonesian food. In addition, our study also uses
data on diet patterns over the last month by using
SQ-FFQ which very much depends on the memory
and recall ability of the respondents.

Our study indicates that there is a growing need
for education program for DM patients related to
management of blood glucose level covering issues
on consumption of low glycemic index food, regu-
lar physical activities, and promoting adherence
towards medication.

CONCLUSION

Breakfast glycemic load was associated with an
increased of 1-hour and 2-hours postprandial
blood glucose levels, however it did not affect the
fasting blood glucose level. Regular physical activ-
ities were associated with the fasting blood glucose
level. The compliance to medication was associated
with 1-hour and 2-hours postprandial as well as
fasting blood glucose levels.
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