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Purpose: Large-scale evaluation of the treatment adherence in patients with type 2 diabetes
mellitus (DM) in Indonesian is limited. We aim to evaluate the treatment adherence of
Indonesian type 2 DM patients using national “big data” and investigate its association with
glycemic parameters.

Patients and Methods: We analyzed baseline and fourth-year data sets from 2011 to 2018
obtained from the Indonesian Ministry of Health Cohort Study of Non-Communicable
Disease Risk Factors in Bogor, West Java (the PTM Bogor Cohort Study). This was
a retrospective cohort study in which the sample was divided into two groups. One group
adhered to treatment from primary health centers and followed the prescribed medicine/
treatment regimen (treated group), while the other did not follow the treatment (untreated
group). We evaluated changes in fasting blood glucose (FBG) and post-prandial blood
glucose (PPBG) by controlling for other variables.

Results: From 5690 subjects, 593 were type 2 DM diagnosed and 342 were eligible at the
baseline. At 4-year observation, 212 eligible patients remained, consisting of 62 subjects who
adhered to treatment, and more than double that number who were untreated (150 subjects).
More significant decreases in FBG and PPBG were found in the treated group (FBG 80.6%,
PPBG 90.3%) than in the untreated group (FBG 42.0%, PPBG 67.3%). The results of the
multivariate analysis showed that after 4 years observation, treated patients have reduced
FBG 3.304 times more and PPBG 3.064 times more than untreated patients, with control
factors such as decrease in LDL levels and use of oral drugs.

Conclusion: There were less than half as many treated patients as untreated patients
involved in the PTM Bogor Study Group. At the fourth-year follow-up, treated patients
experienced three times more significant decreases in FBG and PPBG than those who were
untreated, even after being controlled by several confounding factors. Given the importance
of these findings, it is suggested that immediate strategic action be taken to improve
Indonesian patients’ adherence to treatment.
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Introduction

Indonesia is ranked seventh globally for the prevalence of diabetes mellitus (DM),
with around 10 million adult sufferers.' Data from the Indonesian Association of
Endocrinology (PERKENI) stated that DM in Indonesians over 15 years of age
affected 10.9% of the population.” Type 2 DM with complications is the leading
cause of death in Indonesia.” Based on data from the World Economic Forum in
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April 2015, the potential losses due to non-communicable
diseases in Indonesia in the 2012-2030 period will reach
USS$ 4.47 trillion or 1.5 times the country’s 2012 GDP.*

The DiabCare Asia 2008 study related to clinical con-
trol and complications in type 2 DM in Indonesia collected
information about management, complications, and regi-
mens carried out personally by DM sufferers for the period
2008 to 2009.> This was a non-interventional study with
cross-sectional design of 1832 patients in Indonesia’s sec-
ondary and tertiary health facilities. Of the patients in the
study, 47.2% had a mean fasting blood glucose (FBG)
level >130 mg/dL (143.6 mg/dL) and mean PPBG
>200 mg/dL (207.7 mg/dL).° Of these, 81.3% of the
total respondents used oral anti-diabetic drugs and 37.7%
of the patients received insulin therapy. In line with this
study, poor glycemic control in type 2 DM patients is also
high in other countries in Asia, with Malaysia at 69.2%
and Thailand at 53.5%.’

Poor public awareness about DM makes it challenging
to control blood glucose levels properly. Uncontrolled
blood glucose levels cause various complications in other
diseases. Studies have shown that awareness of the com-
plexities involved in people’s decision-making will help
healthcare professionals to engage effectively with people
living with diabetes.® Several factors influence this phe-
nomenon, such as age, duration of disease, treatment com-
pliance, dietary factors, and physical activity, with all
affecting blood glucose levels.® Some research has stated
that older people with a shorter illness period who
received monotherapy showed better glycemic control.
Patients with type 2 DM with low adherence levels had
poor glycemic control compared to those with high levels
of treatment adherence.'®'?

In diabetic patients who did not know how to adhere to
taking anti-diabetic medication, unintentional factors like
irregular access to oral hypoglycemic agents and insulin
can occur.® Meanwhile, lack of patient-perceived benefit
from taking medication, fear of side effects of drugs, and
increasing complexity of regimens are intentional factors
that lower medication adherence.'*'> Non-adherence to
diabetic treatment recommendations can worsen clinical
parameters, risk poor patient outcomes, and only permit
suboptimal therapy benefits. The evaluation of medication
adherence to type 2 DM among patients taken from large-
scale Indonesian data is still limited. This cohort study
aims to determine change in glycemic parameters in rela-
tion to treatment adherence and its relationship with var-
ious confounding factors.

Materials and Methods
Study Design, Ethical Approval, and

Sample Participants
This research was carried out as a retrospective cohort
study using secondary data from the Indonesian Ministry
of Health Cohort Study of Non-communicable Disease
Risk Factors in five districts of Bogor City, West Java
(the PTM Bogor Cohort Study) for the period 2011 to
2018. Two baseline observation points and fourth-year of
monitoring were carried out by analyzing treatment adher-
ence in type 2 DM patients against glycemic parameters
(considered as being controlled if the FBG value was 80—
130 mg/dl). The data subset was collected in August 2019
at the Health Research and Development Agency
(LITBANGKES), Indonesian Ministry of Health. This
study ensured that patient data would be protected, as
data on birthdates, addresses, and personal contacts are
stored as archives only to be opened for research purposes.
We have received approval from the ethics committee
in terms of data access from the accredited Bogor Cohort
Study (statement letter number 07081903-058). Data
sources were accessed based on permits obtained from
the Indonesian Health Research and Development
Agency. We also maintain participant privacy, such as
confirmation that data is anonymized or kept confidential.
The ethical approval of our research was obtained from the
Ethics Committee of the Faculty of Medicine, University
of Indonesia — Cipto Mangunkusumo Hospital with
approval number 924/UN2.F1/ETIK/PPM.00.02/2019.
The research sample was calculated based on the WHO
guidelines for sample-size determination in health studies
used to test the difference between two populations.'® This
retrospective cohort study involved 5690 people, from which
342 type 2 DM patients aged 25 years or older were identified.
The sampling in this study followed a purposive sampling
method. Patients with type 2 DM who were involved in the
PTM Bogor Cohort Study were followed up for 4 years. From
all samples, 212 patients who met the inclusion and exclusion
criteria of the study were found. The inclusion criteria were
type 2 DM respondents in the PTM Bogor Cohort Study
2011-2018 who had complete blood test data (FBG, PPBG,
lipid profile), blood pressure checks (systolic and diastolic),
and anthropometric examinations (weight and height). This
study’s exclusion criteria were women with type 2 DM who
were pregnant and lactating and women with diabetes who

used family planning (pills, injections, or implants).
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This study involved two types of groups. The first group
adhered to some primary health centers and followed the
prescribed medicine/treatment regimen (treated group) while
the second group did not come and follow the treatment
from primary health centers (untreated group). The para-
meters compared between the two groups focused on
changes in glycemic parameters (FBG and PPBQG) after 4
years of follow-up between the treated and untreated groups.

Instruments
Diagnosis: the diagnostic criteria for type 2 DM were based
on the American Diabetic Association (ADA) criteria and
local criteria (PERKENI). This is based on FBG levels
>126 mg/dL or PPBG >200 mg/dL and/or classical symp-
toms. If a healthcare provider had told a participant they had
diabetes or if a participant was on hypoglycemic medica-
tions, they were considered to have self-reported (previously
diagnosed) diabetes, we call it diagnosed diabetes mellitus
(DDM). Participants were considered to have undiagnosed
diabetes if they responded “no” to these questions but other-
wise met the ADA 2010 and PERKENI definition for dia-
betes, we call it undiagnosed diabetes mellitus (UDDM).>"7
Measurement of glucose levels was carried out by taking
venous blood, which was measured at the local governmental
primary health centers’ laboratory that is part of this study.
Study participants have been asked to fast (without caloric
intake) for minimum 8 hours until the time of blood sampling

in the laboratory. The amount of blood taken from each patient
is 10 cc, which is then packaged in several special tubes to be
processed by the local laboratory and within 3 hours some
biological parameter values will be obtained. After the blood
sampling, the patient was instructed to eat. Then, 2 hours after
eating, their blood glucose levels must be measured again
according to the applicable blood test procedure.

The entire implementation of data collection was coor-
dinated by the person in charge of operations (specifically
appointed) from the Government Health Center, Hospital,
Public Health Center and the technical person in charge of
data collection (which is specifically designated) namely
researchers from the National Institute of Health Research
and Development, Faculty of Medicine and Faculty of
Public Health, University of Indonesia, Indonesian profes-
sional organizations and ad hoc researchers. The team
were responsible for the accuracy, completeness of the
data and the conduct of measurements and checks.

Results

Figure 1 shows that of the 5690 subjects of the Bogor Cohort
Study, 593 were diagnosed with type 2 DM, of whom only
342 were eligible at baseline with complete blood laboratory
examinations. After data cleaning, as shown in Figure 2, five
subjects were found to have data missing. In addition,
a further 125 subjects dropped out due to changes in adher-
ence during the four years of monitoring. Figure 2 shows

Baseline | Data | : without blood lab | Follow up 4 years
. : + check (n=168) .
Populations Data | - Incident DM o | | Datal > DM 2015-2016 o4
2011-2012 (n=399) - Data Il : without blood lab .| (1 "_p31) ntotal = ny+ ny
2011-2018 I check (n=83) 1
5690 subiect Data Il - Incident DM e Data Il >DM 2017-2018 342 subjects
subjects 2013-2014 (n=194) (np =111)
Figure | Flowchart of survey population sampling.
Notes: Prior to data collection, it is necessary to check whether the patient has type 2 diabetes mellitus and perform blood laboratory tests.
o T ul I 4 years (n= 212)-I
I Baseline (n = 337)_I —_— e — — ]
Treated I[ Dropout (n = 20 subjects I Treated
Baseline change to untreated) _
| n =82 _I-———————Il_ n =62 _l Fix cohort
n = 342 subjects
Type 2 DM I_ —I _______'I_ J =il
b —_—— e Untreated IrDropout (n = 105 subjects I Untreated
I faesgolia change to treated) n =150
Iisubjects n =255 —_— e — — I
—_——
Figure 2 Flowchart of sample selection of treated group and untreated group on type 2 diabetes mellitus respondents Bogor cohort.
Note: The treated group and untreated group criteria are based on 4 years of consistency in treatment.
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Table | Characteristics of Respondents

Basic Characteristics Treated Untreated p_value
n =62 (%) n = 150 (%)

Gender Male 18 (29.0) 41 (27.3) 1.000
Female 44 (71.0) 109 (72.7)

Age, years 25-39 1 (1.6) 6 (4.0) 0.002
40-59 28 (45.2) 90 (60.0)
>60 33 (53.2) 54 (36.0)

Education Advanced 25 (40.3) 70 (46.7) 0.210
Basic 37 (59.7) 80 (53.3)

Employment Employed 60 (96.8) 146 (97.3) 1.000
Unemployed 2 (3.2) 4(2.7)

that after 4 years of observation, only 212 patients were left
as eligible subjects, of whom 62 were adherent and treated,
while 150 were non-adherent and untreated. In other words,
the proportion of non-adherent patients was more than dou-
ble that of adherent patients.

Based on Table 1, it can be seen that of the total of 212
subjects with type 2 DM, the majority were female (153
out of 212 subjects). Most of the treated group was aged
>60 years (53.2%), while in the untreated group, more
than half of the sample were aged 40-59 years (60%). In
this study, most of the respondents had completed 9 years
of education (junior high school) (59.7% in the treated
group and 53.3% in the untreated group). The majority
of subjects were employed, at 96.8% of the treated group
and 97.3% of the untreated group.

The researchers used data related to the types of phar-
macological therapy used by respondents with type 2 DM
in Bogor. Of the 854 people with DM recorded in the
Bogor cohort, samples were taken from 261 people with
DM who took medication in the 2011-2018 period .
Majority of the respondents took metformin (63.6%), fol-
lowed by sulfonylurea group drugs (32.2%). Among the
sulfonylurea group, glibenclamide was the most-used oral
anti-diabetic, at 17.2% then glimepiride 10.2%. Only 1.1%
took insulin as pharmacological therapy for DM.

From the results of sampling shown in Figure 2, 212
respondents were eligible. For these subjects, we analyzed
the influence of clinical characteristics on the decrease in
glycemic  parameters bivariate

through analysis

(Tables 2 and 3). Multivariate statistical analysis was

used to evaluate the differences in various parameters
between the treated and untreated groups. The results are
presented in Tables 4 and 5.

Table 6 compares the mean clinical outcomes between
the treated group and untreated group in each baseline and
fourth year of monitoring. Differences within each group
against baseline and fourth year of monitoring were also
assessed. Based on Table 6, the average FBG level in the
treated group at baseline was 192.37 mg/dL, and this mean
decreased to 124.48 mg/dL at the fourth year of monitor-
ing. The mean PPBG levels in the treated group also
decreased from baseline of 301.34 mg/dL to 189.53 mg/
dL at the fourth year of monitoring. In addition, in the
untreated group, the mean baseline FBG level of
125.03 mg/dL 140.13 mg/dL at the
fourth year of monitoring, while PPBG levels decreased
from 243.77 mg/dL to 197.01 mg/dL. The results showed
that in terms of FBG levels, the treated group for 4 years

increased to

achieved controlled blood glucose levels with a value of
<130 mg/dL. At year 4, mean weight was performed in the
untreated group, because steady blood glucose levels were
>130 mg/dL. The comparison baseline between the treated
and untreated groups has been presented in Table 6 in
column Pc. Based on column Pc, significant difference
test was seen between the treated and untreated groups at
baseline (unpaired t-test). Since there was a large differ-
ence in baseline FBG and PPBG, we used changes in FBG
and PPBG (decreasing and not decreasing) as clinical

outcomes.
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Table 2 Bivariate Analysis of the Respondent’s Clinical Characteristics in Relation to Decrease in the FBG Glycemic Parameter

Clinical Characteristics Changes in FBG p RR 95% CI

Decreasing Not Decreasing
n (%) n (%)

Treatment Treated 50 80.6 12 19.4 <0.001 1.920 | 2.833-11.687
Untreated 63 42.0 87 58.0

Oral drugs Yes 44 60.3 29 39.7 0.184 1.214 0.945-1.560
No 69 49.6 70 504

Insulin Yes 2 66.7 | 333 1.000 1.255 0.558-2.822
No 11 53.1 98 46.9

Comorbid hypertension No 44 51.8 41 482 0.821 0.953 0.735--1.236
Yes 69 54.3 58 45.7

Comorbid dyslipidemia No 56 63.6 32 364 0.016 1.384 1.081-1.771
Yes 57 46.0 67 54.0

Body mass index Decreasing 49 47.6 54 524 0.137 0.810 0.627-1.047
Not decreasing 64 58.7 45 41.3

Cholesterol levels Decreasing 62 60.8 40 39.2 0.049 1.311 1.017-1.691
Not decreasing 51 46.4 59 53.6

LDL levels Decreasing 69 63.3 40 36.7 0.004 1.482 1.136-1.932
Not decreasing 44 42.7 59 573

HDL levels Not decreasing 58 56.9 44 43.1 0.388 0.879 0.683-1.131
Decreasing 55 50.0 55 50.0

Systolic blood pressure Decreasing 59 57.3 44 42.7 0.322 1.156 0.898-1.488
Not decreasing 54 49.5 55 50.5

Diastolic blood pressure | Decreasing 65 55.6 52 44.4 0.554 1.100 0.851-1.421
Not decreasing 48 50.5 47 49.5

Notes: Data are expressed in n (%). The total number (n) of the treated group = 62. The total number (n) of the untreated group = 150. Bold values are statistically

significant (p-value <0.05).

Abbreviations: FBG, fasting blood sugar; LDL, low-density lipoprotein; HDL, high-density lipoprotein; RR, relative risk; 95% Cl, 95% confidence interval.

Tables 2 and 3 present respondents’ clinical character-
istics in relation to decreases in the levels of FBG and
PPBG as glycemic parameters. The results show that
a significantly greater proportion of respondents who
adhered to treatment regimens at primary health centers
for 4 years experienced a decrease in FBG levels (at
80.6%) than respondents who did not adhere to treatment
at primary health centers (p-value <0.001).

Based on Table 2, it can be seen that in respondents
who did not have comorbid dyslipidemia, a greater pro-
portion (63.6%) experiencing a decrease in FBG than

respondents with comorbid dyslipidemia. Furthermore,
respondents who experienced a decrease in cholesterol
levels over 4 years also had a greater proportion of
decreased FBG levels (at 60.8%) than respondents with
high cholesterol levels or those who had never decreased
to normal limits in the 4 years (46.4%). This was the same
as the characteristics of respondents whose LDL levels had
decreased in 4 years, 63.3% of whom experienced
a decrease in FBG compared to 42.7% of the respondents
who had never experienced a decrease in LDL levels to

normal values. Clinical characteristics with a p-value of
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Table 3 Bivariate Analysis of the Respondent’s Clinical Characteristics in Relation to the Decrease in the Glycemic Parameter of Post-

Prandial Blood Glucose (PPBG)

Clinical Characteristics Changes in PPBG p RR 95% CI
Decreasing Not Decreasing
n (%) n (%)
Treatment Treated 56 90.3 6 9.7 0.001 1.341 1.168-1.540
Untreated 101 67.3 49 327
Oral drugs Yes 6l 83.6 12 16.4 0.034 1.210 1.041-1.407
No 96 69.1 43 30.9
Insulin Yes 3 100 0 0.0 0.570 1.357 1.252-1.472
No 154 737 55 26.3
Comorbid hypertension No 59 69.4 26 30.6 0.270 0.900 0.759-1.066
Yes 98 772 29 22.8
Comorbid dyslipidemia No 66 75.0 22 25.0 0916 1.022 0.870-1.200
Yes 9l 734 33 26.6
Body mass index Decreasing 21 67.7 10 323 0518 0.902 0.697-1.166
Not decreasing 136 75.1 45 249
Cholesterol levels Decreasing 79 77.5 23 225 0.353 1.092 0.932-1.281
Not decreasing 78 70.9 32 29.1
LDL levels Decreasing 83 76.1 26 239 0.577 1.060 | 0.903-1.244
Not decreasing 74 71.8 29 28.2
HDL levels Not decreasing 78 76.5 24 235 0.538 0.939 | 0.80I-I.101
Decreasing 79 71.8 31 282
Systolic blood pressure Decreasing 80 777 23 22.3 0.312 1.099 0.938-1.289
Not decreasing 77 70.6 32 294
Diastolic blood pressure Decreasing 86 735 31 26.5 0.963 0.984 | 0.838-1.154
Not decreasing 71 747 24 25.3

Notes: Data are expressed in n (%). The total number (n) of treated group = 62. The total number (n) of the untreated group = 150. Bold values are statistically significant

(p-value < 0.05).

Abbreviations: PPBG, post-prandial blood sugar; LDL, low-density lipoprotein; HDL, high-density lipoprotein; RR, relative risk; 95% Cl, 95% confidence interval.

<0.25 were then subjected to multivariate analysis. Based
on data shown in Tables 2 and 3, of respondents who used
oral drugs, 60.8% had decreasing FBG levels and 83.6%
had decreasing PPBG levels within the 4 study years.
Table 3 shows that the percentage decrease in PPBG
levels in respondents in treated groups with treatment at
primary health centers was higher (at 90.3%) than in
untreated groups (67.3%), with p-value of <0.001.
Respondents who did not have comorbid dyslipidemia

had a 75% decrease in PPBG. Furthermore, respondents
who experienced a decrease in cholesterol levels within 4
years also had reduced PPBG levels (77.5%). Of respon-
dents, 76.1% of those who experienced a decrease in
their LDL levels within the 4 years also experienced
a decrease in PPBG. Furthermore, based on bivariate
analysis as presented in Tables 2 and 3, characteristics
with a p-value of <0.25 were continued to multivariate

analysis. Variables were assessed clinically for their
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Table 4 Multivariate Analysis of the Effect of Independent and Confounding Variables on the Decrease in FBG
Variable RR P 95% ClI
Model | Treatment Treated Crude 2.997 <0.001 1.639-5.480
Untreated
Model 2 Treatment Treated Adjusted 3.304 <0.001 1.727-6.321
Untreated
Oral drugs Yes 0.808 0.368 0.507-1.286
No
LDL levels Decreasing 1.532 0.037 1.026-2.289
Not decreasing
Table 5 Multivariate Analysis of the Effect of Independent and Confounding Variables on the Decrease in PPBG
Variable RR p 95% ClI
Model | Treatment Treated Crude 3.376 0.005 (1.446-7.880)
Untreated
Model 2 Treatment Treated Adjusted 3.064 0.016 (1.229-7.642)
Untreated
Oral drugs Yes 1.332 0.419 (0.664-2.669)
No
LDL levels Decreasing 1.185 0.530 (0.698-2.013)
Not decreasing

effect on the decrease in the FBG and PPBG glycemic
parameters.

Table 4 shows that the treated group was associated
with reduced FBG levels 3.304 times more frequently than
the untreated, after being controlled for decreasing LDL
level and the use of oral drugs. Respondents with
decreased LDL levels increased the incidence of decrease
in FBG levels by 1.532 times. Table 5 shows that in the
treated group, decreased PPBG levels 3.064 times more
than the untreated, after being controlled for decreasing
LDL levels and the use of oral drugs.

Discussion

In terms of basic characteristics, the results of this
2018 Indonesian Basic Health
Research (Riskesdas) findings that the prevalence of

research follow the

type 2 DM in women (1.8%) is higher than in men
(1.2%) and that most patients are between the ages of
55 and 64 and 65 and 74.° In line with a study in Sudan,
these results show that females and males over 45 years
old are more prevalent.'®'” In the PTM Bogor Cohort

Study, most of the respondents have 9-year compulsory
basic education backgrounds (elementary school to junior
high school), at 59.3% in the treated group and 53.3% in
the untreated group. Most of the respondents were
employed, at 96.8% in the treated group and 97.3% in
the untreated group. According to research by Shao et al,
with diabetes had
a secondary education (60.80%) and were unemployed

people in China on average
(59.29%).%° Level of education affects the progression of
diabetes, with those with a higher level of education
having better knowledge and awareness about adherence
and complications.”'** Most of the respondents were
treated with metformin (63.6%) followed by sulfonylurea
(32.2%). These results are similar to the DiabCare Asia
2008 study “Outcomes on control and complication of
type 2 diabetic patients in Indonesia” by Soewondo,’
a non-intervention study of data drawn from secondary
and tertiary health centers in Indonesia.’ In the 1785
patients used in that study, biguanide (metformin) is the
most commonly used drug at 59.26%, followed by sulfo-

nylurea at 56.58%.
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Table 6 Difference in Clinical Outcomes Between Baseline and Fourth-Year Follow-Up of PTM Bogor Cohort Study Respondents

Variable Treated (n = 62) Untreated (n = 150) P p?
Baseline Fourth-Year P? Baseline Fourth-Year p°
Follow-Up Follow-Up

FBG 192.37 (£74.62) 124.48 (+22.37) | 0.001 125.03 (+47.07) 140.13 (£59.44) | 0.001 | 0.001 | 0.001
PPBG 301.34 (+87.32) 189.53 (+52.90) | 0.001 243.77 (£76.98) 197.01 (x96.15) | 0.001 | 0.001 | 0.001
BMI 27.17 (x3.61) 2831 (x4.61) 0.225 27.64 (£4.47) 27.21 (£4.57) 0.210 | 0.223 | 0.169
LDL 144.58 (£29.90) 145.44 (£63.32) | 0.469 144.97 (£32.14) 144.89 (£36.53) 0.09 | 0415 | 0.602
HDL 48.58 (£9.31) 47.05 (£10.13) 0.884 49.43 (x11.44) 51.01 (£12.31) 0.905 | 0.734 | 0.775
Total cholesterol 223.89 (+£37.55) 214.15 (£50.32) | 0.325 220.71 (£36.73) 225.07 (+42.21) 0.68 | 0.659 | 0.532
Systolic blood 144.60 (£25.39) 140.85 (+20.33) | 0.158 143.52 (+28.26) 143.67 (£+23.78) | 0.932 | 0.58 | 0.482
pressure

Diastolic blood 88.45 (+13.36) 84.35 (£10.66) 0.215 88.33 (£13.44) 89.95 (£12.74) 0.219 | 0.967 | 0.173
pressure

Notes: Data are expressed in terms of means or average * standard deviation. Bold values are statistically significant (p-value <0.05).

Abbreviations: FBG, fasting blood glucose; PPBG, post-prandial blood glucose; BMI, body mass index; LDL, low-density lipoprotein; HDL, high-density lipoprotein; P, the
significance of the difference test with the t-test; Cl 95. P, significance difference test between times in the treated group (paired t-test); P°, significance difference test
between times in the untreated group (paired t-test); P<, significance difference test between treated and untreated groups at baseline (unpaired t-test); P%, significance
difference test between treated and untreated groups at the fourth-year follow-up (unpaired t-test).

Several studies comparing patients with excellent and poor
glycemic control have shown that reasonable glycemic control
is associated with age, duration of DM, drug utilization pattern,
and medication adherence.”'***?* The percentage of
decreased FBG levels (80.6%) and PPBG levels (90.3%) in
the treated group were higher than in the untreated group. This
study indicates that type 2 DM respondents who received
treatment and adhered to it could reduce FBG levels and
PPBG
respondents.'>*>2® In this study, the treated group showed
decreased FBG and PPBG within 4 years. After respondents
obtained check-up laboratory results from the Health Research

levels more successfully than non-adherent

and Development Agency (every 2 years), the respondents
were given a referral to a doctor for further DM diagnosis
examination. Those respondents who attended the health cen-
ters and had an index category obese body mass I and II were
referred to a nutritionist by the doctor. All respondents were
monitored routinely after being examined by the Health
Research and Development Agency every 2 years, being
observed every 6 or 3 months in health centers. Patients with
high levels of health literacy understood DM management,
showed active attitudes toward seeking information, and had
no difficulty in obtaining detailed information.**

Our findings show that in the untreated group of respon-
dents, only 42% of the subjects experienced a decrease in FBG

levels and only 67.3% of the subjects experienced a decrease in
PPBG levels at the fourth year of monitoring. This result is
different from the group of adherent respondents, where 80.6%
of the subjects experienced a decrease in FBG levels and
90.3% of them experienced a decrease in PPBG levels. This
untreated group did not comply with visiting the health centers
even though they had known that the test results from the
check-up laboratory at LITBANGKES showed that their
FBG and PPBG levels were abnormal based on the ADA
criteria.* We found that they still had the letter of referral,
which means that they did not come to the primary health
centers for further examination or get DM therapy, either
because of fear (due to denial or lack of knowledge about
DM) and/or lack of free time for treatment. Respondents also
did not record therapy from baseline to fourth year of monitor-
ing on the PTM Bogor cohort questionnaire. The results of this
study showed decreasing of the mean FBG levels (<130 mg/
dL) and PPBG levels (< 200mg/dL) was controlled in the
treated group in the fourth year of monitoring, while in the
untreated group, this was not achieved because FBG levels
remained >130 mg/dL. Another study showed that on bivariate
analysis, low education level (below primary school comple-
tion), patient not being on insulin therapy, and lack of family
assistance for taking medication were significantly associated
with medication non-adherence.®'!"'* According to a study in
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India, diabetic patients not taking medication can occur from
unintentional factors such as irregular access to health facil-
ities, lack of patient-perceived benefit from taking medication,
fear of side effects of drugs, and increasing complexity of
regimen. Non-adherence to treatment recommendations can
worsen clinical parameters, risk poor patient outcomes, and
permit only suboptimal therapy benefits."?

In this study, we controlled for confounders through multi-
variate analysis. The multivariate analysis showed that the
treated group did 3.304 times better for decrease in FBG and
3.064 better for decrease in PPBG than the untreated group,
after being controlled decrease in LDL levels and use of oral
drugs for 4 years. Lipid and glucose metabolism are
interrelated,”” > and this is evidenced by the presence of
diabetic dyslipidemia, as characterized by an increase in trigly-
cerides, high low-density lipoprotein (HDL-C) cholesterol,
and high LDL or
Hypertriglyceridemia and low HDL-C not only cause lipid

low-density lipoprotein particles.

abnormalities but also cause impaired glucose
metabolism.**>° In various studies that have been developed,
there is a very significant correlation between fasting and
postprandial glucose as a parameter of glucose and
cholesterol.®'** FBG will be proportional to triglycerides
(TG) and LDL but has an inverse ratio to HDL. Serum cho-
lesterol and TG levels will be much higher in patients with poor
glycemic conditions and lower HDL values.*>° This correla-
tion certainly provides an opportunity for LDL levels to be
significant confounders because of the very substantial correla-
tion with glycemic parameters.

Patients with type 2 DM in the PTM Bogor Cohort Study
were initially encouraged to maintain a healthy diet and exer-
cise regimen, followed by early treatment, which generally
included one or more oral hypoglycemic agents or injection
treatment to control glycemic parameters. A systematic review
and meta-analysis showed that lifestyle interventions signifi-
cantly lowered glycosylated hemoglobin (HbA 1c) levels com-
pared with usual care for patients with type 2 DM.* Therapy
adherence often provides drugs to control blood pressure,
dyslipidemia, and other disorders, because patients often
have more than three or four chronic conditions. Another
study reported that adherence to therapy was defined as the
extent of a person’s commitment to taking medication, follow-
ing a diet, and carrying out lifestyle changes, according to
agreed recommendations from a healthcare provider.** ¢

Based on the description above, the treated group signifi-
cantly reduced glycemic parameters compared to the untreated
group. The treated group in this study were respondents who

attended the health facilities listed on the referral letter after

receiving the results of the examination from the Research and
Development Agency. Respondents also had a complete his-
tory of taking anti-diabetic medication at baseline through to
4-year follow-up. The limitations of this present study included
its retrospective study design using secondary data. There is the
possibility of incomplete data, human error in recording, and
data entry or available data not being suitable for the require-
ments of the study. However, we conducted a cleaning techni-
que and removed incomplete data relating to missing,
unchecked, and unreadable information, for example, where
a value is too small or too large, as happened in blood glucose
levels, body mass index, lipid profiles, and blood pressure. The
strict data inclusion criteria caused the reduction of sample
numbers. However, the sample size in this study was more than
the calculated minimum sample size.

Conclusion

There were less than half as many treated patients as untreated
patients involved in the PTM Bogor Study Group. At the
fourth-year follow-up, treated patients experienced three
times more significant decreases in FBG and PPBG than
those who were untreated, even after being controlled by
several confounding factors. Given the importance of these
findings, it is suggested that immediate strategic action be
taken to improve Indonesian patients’ adherence to treatment.
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