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INTRODUCTION

In 2011, the prevalence of diabetes mellitus in Korea 
was 7.7%, which is higher than the average prevalence of 
6.9% reported by the Organization for Economic Co-op-
eration and Development (OECD) [1]. During that same 
period, the hospitalization rate in Korea due to diabe-

tes was 29 per 1,000 individuals, which was also higher 
than the average rate reported by the OECD of 23.8 per 
1,000 individuals. In 2013, diabetes was ranked as the 
fifth leading cause of death in Korea [2], and the number 
of diabetic patients and cost of diabetes-related medical 
expenses are consistently increasing [3]. As of 2013, ap-
proximately 2.54 million patients with diabetes visited 
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Background/Aims: Due to recent increases in the disease burden of diabetes 
mellitus, the Health Insurance Review and Assessment Service (HIRA) of Korea 
implemented a quality assessment of the treatment of diabetes to improve patient 
care. The present study was conducted to identify any changes after the imple-
mentation of the diabetes quality assessment (DQA). 
Methods: The present study evaluated eight quality assessment indicators that 
were proposed by the HIRA in all patients with diabetes who visited a university 
hospital in Korea between 2009 and 2014. The indicators were statistically com-
pared according to the characteristics of the subjects.
Results: There were several significant differences in the indicators among the 
subjects according to their demographic characteristics. Female patients had a 
higher continuity of treatment (COT) than that of male patients, and the insu-
lin-treated group had a higher COT than that of the non-treated group, as well 
as a higher rate of undergoing the diabetes complication tests (DCTs). Patients 
between 40 and 80 years of age had the highest COT, while patients under 40 
years of age had the lowest COT but the highest rate of taking the DCTs. Patients 
receiving treatment from an endocrinologist exhibited higher numbers of DCTs 
performed but displayed lower proportions for the prescription indicators.
Conclusions: The present analysis of the DQA findings revealed that endocri-
nologists combine prevention and management of diabetes complications with 
measures for glycemic control. Thus, the effective management of diabetes likely 
entails systematic joint treatment regimens that involve an endocrinologist.
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outpatient units for treatment, which represents a 1.98% 
increase from the 2.49 million patients who visited out-
patient units in 2012 [4]. Moreover, outpatient medical 
expenses totaled approximately 370 million KRW (Ko-
rean won) in 2013, which was an increase of 8.01% from 
the 340 million KRW spent on medical expenses in 2012.

A number of previous studies have suggested that ap-
propriate care of patients with diabetes would signifi-
cantly reduce complications related to this disease. For 
example, intensive glucose control reduces the risk of 
any cardiovascular disease (CVD) event by 42% and the 
risk of heart attack, stroke, or death due to CVD by 57% 
[5]. Stratton et al. [6] found that a 1% reduction in mean 
glycated hemoglobin (HbA1c) levels results in 21% few-
er deaths, 14% fewer myocardial infarctions, and a 37% 
decrease in microvascular complications at the popula-
tion level. Similarly, a report from the US Department 
of Health and Human Services indicated that improved 
control of levels of cholesterol or blood lipids, includ-
ing high density lipoprotein cholesterol, low density li-
poprotein (LDL) cholesterol, and triglycerides, reduces 
CVD complications by 20% to 50% [7]. Furthermore, the 
detection and treatment of diabetic eye disease using 
laser therapy reduces the development of severe vision 
loss by an estimated 50% to 60%, while the detection 
and treatment of early diabetic kidney disease through 
the lowering of blood pressure levels attenuates the de-
cline in kidney function by 30% to 70% [7]. 

As a countermeasure to the continuously increasing 
number of patients with diabetes and the concomitant 
increase in medical expenses, a model for the quality 
assessment of diabetes treatment in Korea was devel-
oped to reduce the risk of diabetes complications and 
enhance the adequacy of medical expenses through 
improvements in the management of diabetic patients. 
The diabetes quality assessment (DQA) was implement-
ed by the Health Insurance Review and Assessment 
Service (HIRA) of Korea in 2011 and has been ongoing 
since its induction. The present study aimed to identify 
the management statuses of domestic diabetic patients 
and to predict future trends in diabetes treatment by 
assessing the DQA indicators of diabetic patients who 
received treatments at a university hospital in Korea 
between 2009 and 2014. The data were compared and 
analyzed according to the demographic characteristics 
of the patients.

METHODS

Diabetes quality assessment
The DQA has been implemented in all medical institu-
tions that submit medical expense claims for diabetes as 
either a main or secondary disease and is administered 
during annual outpatient treatment visits. Medical bills 
claimed by healthcare providers, including diabetes as 
disease and the prescription of hypoglycemic agents, 
are used as the assessment data [4]. The DQA has imple-
mented in Korea since 2011, and all indicators identified 
from health insurance claims are analyzed; the assess-
ment and monitoring indicators currently in use are 
described in Table 1. 

The assessment indicators analyzed in the present 
study included the following: the proportion of patients 
who visited a center more than once per quarter and the 
proportion of prescription days corresponding to conti-
nuity of treatment (COT), the proportions of duplicated 
prescriptions involving the same ingredient groups and 
prescriptions with over four ingredient groups corre-
sponding to prescription indicators, and the proportion 
of patients who underwent HbA1c, lipid, and fundus 
tests corresponding to test indicators. High scores for 
the COT and test indicators suggest good diabetes man-
agement, while low scores for the prescription indicators 
were considered optimal [4]. The monitoring indicators 
analyzed in the present study are as follows: the propor-
tion of patients who underwent microalbuminuria tests 
corresponds to a test indicator, and the medication cost 
per day for prescribed hypoglycemic agents and the pro-
portion of combined prescriptions that do not adhere 
to the criteria correspond to prescription indicators. All 
of the abovementioned variables are considered process 
indicators, while outcome indicators, such as the man-
agement of lifestyle and the HbA1c control [8], will be 
phased in the near future by HIRA [9].

Subjects and materials
The Kyung Hee University Hospital implemented its 
own DQA indicator management system, and the as-
sessment and monitoring indicators used in the present 
study were based the diabetic patients who have been 
treated in this hospital since 2009. The structure of 
the DQA indicator management system used at Kyung 
Hee University Hospital is presented in Supplementary 
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Fig. 1. The indicators were classified into three primary 
categories: continuity, test, and prescription indicators. 
The proportion of patients who visited the center more 
than once per quarter and the proportion of prescrip-
tion days are included in the continuity category; the 
HbA1c, lipid, fundus, and microalbuminuria tests are 
included in the test category; and prescriptions with 
more than four ingredient groups, duplicated prescrip-
tions with the same ingredient groups, and the cost per 
day for prescribed hypoglycemic agents are included in 
the prescription category. Each indicator was classified 
according to patient variables such as the department of 
treatment, sex, age, use of insulin, and duration of use of 
oral hypoglycemic agents and insulin and have been cat-
egorized by year. Additionally, the electronic prescrip-
tion program used to manage the outpatient care of the 
diabetic patients includes a notification window func-
tion that alerts physicians regarding test items for which 
1 year has passed since the previous diabetes complica-
tion tests (DCTs). Using this function, the physician in 
charge is alerted of the tests that need to be performed 
for each patient (Supplementary Fig. 2).

The present study analyzed data from the DQA indica-
tor management system of Kyung Hee University Hos-
pital to determine differences and trends in the indica-
tors that are likely dependent on the sex and/or age of 
diabetic patients, their use of insulin, and the treatment 
department. The cost per day of prescribed hypoglyce-
mic agents and the proportion of combined prescrip-
tions not adhering for the criteria, which were monitor-
ing indicators, were excluded from this analysis.

Ethics statement
Because the present study analyzed existing data from a 
DQA indicator management system without registering 
patients or contacting new patients, investigators only 
viewed data that did not include any personal informa-
tion identifying the patients. Thus, this study was ex-
empted from the requirement for patient consent by the 
Institutional Review Board prior to commencement of 
the study (KMC-IRB 1605-04).

Statistical analysis
All statistical analyses of the DQA indicator data were 
performed using SPSS version 18.0 (SPSS Inc., Chicago, 
IL, USA). Differences in the indicators according to the 

sex and age of the diabetic patients, their use of insulin, 
and the treatment department were analyzed using chi-
square analyses. A p < 0.05 was considered to indicate 
statistical significance, and a Bonferroni correction was 
performed for the post hoc analyses of the cross analysis. 

RESULTS

From 2009 to 2014, the DQA indicators of an annual av-
erage of 8,327 patients were assessed in the present study. 
There were 1.31 % more male than female patients, 22.76 %  
of the total patients used insulin, and most patients 
were between 60 and 70 years of age. Patients who were 
treated by an endocrinology specialist through the De-
partment of Endocrinology (endo group) only or in con-
junction with other departments (endo & others group) 
accounted for 60% of the total population, while 40% of 
patients were treated in departments other than endo-
crinology (others group). Patients who had been medi-
cated for over 6 years accounted for 40% to 50% of the 
population (Supplementary Table 1).

DQA indicators according to sex
Tables 2-4 display the assessment indicators according 
to sex and insulin use. In terms of COT, the proportion 
of patients who visited the center more than once per 
quarter was higher among female patients in all years, 
which indicates that female patients visited the outpa-
tient unit more consistently than did male patients. The 
proportion of prescription days was also higher in fe-
male patients, which suggests that female patients were 
taking their prescribed medications more consistently 
than were male patients. In the prescription category, 
there were no sex-dependent differences.

DQA indicators according to insulin use
A significantly higher proportion of patients visited the 
center more than once per quarter in the insulin-tre 
ated group (yes) than non-insulin-treated group (no) 
in all years. The proportion of prescription days was 
calculated as the number of days in the year that oral 
hypoglycemic agents were prescribed and was lower 
in the insulin-treated than non-insulin-treated group. 
The proportion of prescriptions with over four ingre-
dient groups was higher in the insulin-treated group, 
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which likely was due to the fact that insulin is normally 
prescribed to patients who do not have sufficient glyce-
mic control despite combined therapy using oral hypo-
glycemic agents with over three ingredient groups. On 
the other hand, the proportion of duplicated prescrip-

tions with the same ingredient group was higher in the 
non-insulin-treated group. In the test category, the pro-
portions of patients who underwent HbA1c, lipid, fun-
doscopy, and microalbuminuria tests were higher in the 
insulin-treated group.

Table 2. Diabetes quality assessment indicators according to sex and use of insulin (continuity of treatment)

Year

Quarterly visit Proportion of prescriptions per day

Sex Insulin Sex Insulin

Male, % Female, % p value Yes, % No, % p value Male, % Female, % p value Yes, % No, % p value

2009 78.7 82.4 < 0.001 85.4 79.0 < 0.001 84.6 85.4 < 0.001 78.7 86.5 < 0.001

2010 80.0 82.2 0.012 84.6 80.0 < 0.001 85.9 85.2 < 0.001 79.6 87.0 < 0.001

2011 74.3 78.7 < 0.001 85.0 73.9 < 0.001 87.5 88.2 < 0.001 83.1 88.9 < 0.001

2012 74.7 77.8 < 0.001 82.6 74.3 < 0.001 86.9 86.9 0.909 79.7 88.6 < 0.001

2013 75.5 78.9 < 0.001 84.5 75.1 < 0.001 88.3 87.8 < 0.001 83.4 89.1 < 0.001

2014 74.7 78.5 < 0.001 82.5 75.0 < 0.001 86.1 87.1 < 0.001 82.6 87.4 < 0.001

Statistics were analyzed using a chi-square test. 

Table 3. Diabetes quality assessment indicators according to sex and use of insulin (prescription)

Year

Over four ingredient groups Same ingredient groups

Sex Insulin Sex Insulin

Male, % Female, % p value Yes, % No, % p value Male, % Female, % p value Yes, % No, % p value

2009 1.17 1.08 0.371 2.51 0.58 < 0.001 0.20 0.04 < 0.001 0.02 0.16 < 0.001

2010 1.21 1.01 0.032 1.96 0.79 < 0.001 0.15 0.06 0.004 0.02 0.14 0.001

2011 0.45 0.42 0.560 0.73 0.33 < 0.001 0.10 0.06 0.102 0.03 0.10 0.021

2012 0.52 0.35 0.006 0.89 0.26 < 0.001 0.14 0.07 0.019 0.02 0.13 0.002

2013 0.79 0.68 0.189 1.88 0.36 < 0.001 0.11 0.10 0.664 0.00 0.14 < 0.001

2014 1.18 0.74 < 0.001 2.14 0.59 < 0.001 0.15 0.11 0.292 0.03 0.17 0.001

Statistics were analyzed using a chi-square test. 

Table 4. Diabetes quality assessment indicators according to use of insulin (test)

Year
HbA1c Lipid Fundoscopy Microalbumin

Yes, % No, % p value Yes, % No, % p value Yes, % No, % p value Yes, % No, % p value

2009 97.2 91.9 < 0.001 84.7 80.2 < 0.001 49.0 27.0 < 0.001 43.0 28.6 < 0.001

2010 97.4 93.5 < 0.001 84.3 81.8 0.012 47.3 27.9 < 0.001 41.6 27.5 < 0.001

2011 97.6 94.5 < 0.001 88.7 85.4 < 0.001 64.5 40.5 < 0.001 72.1 48.2 < 0.001

2012 98.0 94.3 < 0.001 89.7 85.9 < 0.001 52.7 31.2 < 0.001 78.6 53.5 < 0.001

2013 98.1 94.6 < 0.001 87.0 84.0 0.001 53.9 32.9 < 0.001 71.4 47.7 < 0.001

2014 98.4 95.2 < 0.001 83.2 82.9 0.732 58.4 36.1 < 0.001 70.8 47.1 < 0.001

Statistics were analyzed using a chi-square test.
HbA1c, glycated hemoglobin.
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DQA indicators according to age
The proportion of patients who visited the center more 
than once per quarter was higher among patients 40 to 
80 years of age (Fig. 1A), and accordingly, the proportion 
of prescription days was also higher in this age group 
(Fig. 1B). An analysis of the Korean patients included in 
the 2011 DQA revealed that, although the average COT 
(proportion of patients visiting more than once per 
quarter and proportion of prescription days) for all di-
abetic patients was over 85%, the group of patients un-
der 40 years of age had a COT of 60% to 70% [10]. This 
finding is consistent with the assessment results from 
this university that patients under 40 years of age dis-
played the lowest proportions of patients visiting more 
than once per quarter and prescription days among the 
three age groups. 

For the test items (Fig. 1C-1F), the under 40 years age 
group had the lowest COT but the highest proportion of 
patients who underwent HbA1c, lipid, fundoscopy, and 
microalbuminuria tests among the three age groups. 
There were no statistical differences between the under 
40 and 40 to 80 years age groups in terms of the propor-
tions of HbA1c, lipid, and fundoscopy tests, but there 
was a difference in the proportion of microalbuminuria 
examinations performed. The age group over 80 years 
had difficulty visiting the hospital regularly and, thus, 
had a lower proportion of patients took the DCT. The 
proportion of patients who took the test significantly 
differed from those in the under 40 and 40 to 80 years 
age groups. No significant differences were observed 
among the age groups in the prescription category (Fig. 
1G and 1H).

DQA indicators according to treatment department
The proportion of patients who visited the center more 
than once per quarter (Fig. 2A) was highest in the endo 
& others group but was not significantly differ from 
that in the endo group. The proportion of prescription 
days (Fig. 2B) was higher in the endo than endo & oth-
ers group, which also included a higher proportion of 
patients visiting more than once per quarter. In the test 
category (Fig. 2C and 2D), there were no differences be-
tween the endo and endo & others groups in terms of 
the proportion of patient who underwent the HbA1c and 
lipid tests, but the proportions in each of these groups 
significantly differed from that of the others group. Ad-

ditionally, a trend analysis revealed that the changes in 
the proportion of tests performed after implementation 
of the DQA were small in those treated in the Endocri-
nology Department (endo and endo & others groups), 
where the HbA1c and lipid tests had already been con-
ducted, while the proportions of these tests performed 
were increased gradually among those treated in other 
departments (other); from 2009 to 2014, the proportions 
of patients who underwent the HbA1c test were 84.6%, 
87.4%, 88.9%, 89.1%, 90.05%, and 91.1%; p for trend < 
0.001, respectively, and who underwent the lipid test 
were 68.7%, 70.1%, 74.2%, 74.5%, 74.5%, 75.0%, and 73.0%; 
p for trend < 0.001, respectively.

The proportion who underwent fundoscopy testing 
was highest in the endo & others group (Fig. 2E), while 
the proportion of microalbuminuria examinations per-
formed was highest in the endo group (Fig. 2F). In the 
others group, the proportions of HbA1c, lipid profile, 
fundoscopy, and microalbuminuria tests performed 
were lower than the national average in tertiary hospi-
tals (indicated by solid and dotted lines) as well those in 
the endo and endo & others groups; these differences 
were statistically significant. 

The proportion of prescriptions with over four ingre-
dient groups and the proportion of duplicated prescrip-
tions with the same ingredient groups both correspond-
ed to the prescription category, in which lower scores 
indicated better management of diabetic patients (Fig. 
2G and 2H). These proportions were low in the endo 
group but high in the others group. In other words, pa-
tients treated by an endocrinology specialist with endo-
crinology-only treatment or endocrinology treatment in 
conjunction with other departments showed higher pro-
portions of prescription days and of DCTs performed 
but lower proportions of prescriptions with the same 
ingredient group and prescriptions with over four ingre-
dient groups. 

DISCUSSION

It has been estimated that the prevalence of diabetes 
among all age groups worldwide will increase from 
2.8% in 2000 to 4.4% in 2030, because the total num-
ber of people with diabetes is projected to rise from 171 
million to 366 million during the same period [11]. This 
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increase has clinical relevance in adults because diabetes 
is a primary cause of blindness [12], non-traumatic low-
er-limb amputation [13], and kidney failure that requires 
transplantation and dialysis [14]. Therefore, prevention, 
early detection, and treatment of the complications of 
diabetes as well as glycemic control need to be consid-
ered for the management of patients with this disease.

Because the prevalence of diabetes and the result-
ing disease burden are rising, the interest in more ef-
fective techniques for the management of diabetes has 
increased. Additionally, attempts to improve the qual-
ity of diabetes care have led to high quality and guide-
line-driven care for every diabetic patient. Thus, an ac-
curate assessment of the level of diabetes care necessary 
for each particular patient should be preceded by quality 
improvements in diabetes care in general [15]. For this 
purpose, the Diabetes Quality Improvement Project 
(DQIP) was formed in the United States in 1997 by a 
coalition of private and public organizations [16]. This 
organization developed a set of diabetes-specific per-
formance and outcome measures that may be used as 
indicators or tools for the assessment of the level of care 
provided within a system of management for diabetic 
patients. In total, seven accountability measures were 
adopted by the DQIP [17]. 

Similarly, the Belgian Diabetes Project Group extract-
ed and presented 34 quality indicators for type 2 diabetes 
from various type 2 diabetes guidelines [8]. Furthermore, 
the working group behind this research project distin-
guished process indicators, which provide an indication 
of the quality of the process or intervention in diabetes 
care, from outcome indicators, which provide an indi-
cation of the quality of the outcome of a process or in-
tervention for diabetes care [8]. The items in the Korean 
DQA are similar to the seven accountability measures 
incorporated in the DQIP and the quality indicators 
used by the Belgian Diabetes Project Group. As men-
tioned in the Introduction of the present paper, the as-
sessment items currently in use correspond to the pro-
cess indicators, and outcome indicators will be phased 
in the near future by HIRA [9].

A previous systematic review found that the quality 
improvement interventions used to enhance glycemic 
control in patients with type 2 diabetes significantly 
lowered HbA1c levels by 0.42% (95% confidence interval, 
0.29 to 0.54) [18]. Tricco et al. [19] reported the findings 

from their comprehensive systematic meta-analysis and 
a review of the quality improvement strategies used in 
diabetes care. In this systematic review, previous as-
sessments [18] were updated and then expanded upon 
by including vascular risk management, monitoring of 
microvascular complications, and smoking cessation as 
well as outcomes for HbA1c levels in patients with di-
abetes. The inclusion of cardiovascular outcomes and 
smoking cessation is important because it is being in-
creasingly recognized that glycemic control alone is not 
adequate to prevent both the microvascular and mac-
rovascular complications of diabetes [19]. Especially, 
smoking cessation is very important in the treatment 
of peripheral arterial disease in diabetic patients [20]. 
Although the Korean DQA indicators include process 
indicators associated with glycemic control (e.g., pro-
portion who underwent HbA1c tests), as well as vascular 
risk management (e.g., proportion who underwent lipid 
tests) and microvascular complications (e.g., proportion 
who underwent fundus and microalbuminuria test), the 
outcomes of variables such as HbA1c, LDL, and blood 
pressure levels cannot be determined due to the lack of 
outcome indicators. Thus, future research will become 
necessary to investigate whether these outcomes are im-
proving as the DQA indicators increase. 

Currently, patients with diabetes in Korea receive 
treatment at various institutions, including tertiary 
hospitals, general hospitals, hospitals, long-term care 
hospitals, clinics, public health centers, branches of 
public health centers and health centers, and country 
hospitals. As of 2013, the number of subjects involved in 
the quality assessment was 1.89 million, among whom 
60.7% were receiving treatment from clinics, 17.3% were 
receiving treatment from general hospitals, and 12.2% 
were receiving treatment from tertiary hospitals [4]. 
Therefore, although the quality assessment findings of 
the present study, obtained from a single university hos-
pital, may not reflect the situation of national diabetes 
management in Korea in its entirety, the DQA results 
published by the HIRA only present the differences in 
quality assessment indicators according to each medical 
institution. As a result, this study has significance in that 
the proposed improvements for the management of di-
abetes were made according to the characteristics of the 
patients by analyzing differences in quality assessment 
indicators using sex, age, use of insulin, and the depart-

www.kjim.org


www.kjim.org https://doi.org/10.3904/kjim.2016.136

The Korean Journal of Internal Medicine Vol. 34, No. 1, January 2019

134

ment of treatment of the patients, which the HIRA data 
could not determine.

An analysis of the DQA data from the hospital in the 
present study showed that male patients had a lower 
COT than that of female patients, and the insulin-treat-
ed group had a higher COT than that of the non-insu-
lin-treated group, as well as a higher rate of taking the 
DCT. In terms of age, those 40 to 80 years of age ac-
counted for the majority of visiting patients and had the 
highest COT, while those under 40 years had a low COT 
but a high rate of taking the DCT. Given that a longer 
duration of diabetes leads to a higher likelihood of com-
plications [21], it is important to perform the DCT on 
young patients. 

An analysis of the DQA data according to treatment 
department revealed higher proportions of perfor-
mance of HbA1c, lipid and microalbuminuria tests 
among the test indicators in the endo group, and lower 
proportions of patients who underwent lipid, fundos-
copy, and microalbuminuria tests in the others group 
(who did not receive treatment from endocrinology spe-
cialists) than the national average from upper institu-
tions. This group also displayed lower proportions for 
the test indicators, except for the HbA1c test, and higher 
proportions for the prescription indicators, including 
prescriptions with over four ingredient groups and du-
plicated prescriptions with the same ingredient groups. 

It is considered that medical staff in our endocrinol-
ogy department showed higher proportions of perfor-
mance for the test indicators than the national average 
through the compliance with national diabetes care 
guidelines, continuous patient training, the establish-
ment of own DQA indicator management system, and 
the 1 year notification after the performance of a test in 
the test indicators.

These results suggest that endocrinologists tend to 
combine the prevention and management of diabe-
tes complications with measures for glycemic control, 
while physicians in other departments tend to only 
manage diabetes-related concerns, with a focus on gly-
cemic control. This indicates that the prescription of 
oral hypoglycemic agents with fewer side effects and 
higher patient compliance and efficacy is the domain of 
endocrinologists.

Based on the present findings, it is necessary to de-
termine methods to enhance the COT for male patients 

and patients under the age of 40 years as well as to de-
velop measures that can maintain a high DCT rate in 
insulin-treated patients and patients under 40 years of 
age. Additionally, methods that can invigorate a joint 
treatment system between physicians and endocrinolo-
gists to combine glycemic control with the management 
of diabetes complications are needed. In terms of this 
joint treatment system, cooperation between endocri-
nologists and primary healthcare institutions in local 
communities needs to be considered beyond commu-
nication between these departments within large gen-
eral hospitals. The potential benefits of diabetes man-
agement in this type of cooperative system have already 
been identified by a number of previous studies [22], but 
the management of diabetes in a primary care institu-
tion could still be improved by endocrinologist-sup-
ported interventions aimed at providers. Additionally, it 
may be important to partner generalists with diabetes 
specialists to enhance diabetes management in primary 
care settings [23]. 

Because 60.7% of the subjects in the present quality 
assessment were patients from clinics, and only 47.2% 
of all clinics in Korea underwent quality assessment as 
of 2013, it can be assumed that a substantial number of 
diabetic patients in Korea receive treatment from clin-
ic-level primary healthcare institutions. While these 
clinics receive the highest numbers of patients who visit 
more than once per quarter (92.6%) among all medi-
cal institutions, they administer fewer tests compared 
with the national average but are associated with more 
prescriptions with over four ingredient groups and du-
plicated prescriptions with the same ingredient group 
[4]. Therefore, if the abovementioned joint treatment 
system is reinvigorated in tertiary hospitals that treat 
diabetic patients, then patients who have difficulties 
attending outpatient treatment at tertiary hospitals can 
undergo DCTs and receive prescriptions of hypoglyce-
mic agents from endocrinologists at tertiary hospitals 
while still receiving treatment at a nearby clinic with 
good access. This would be expected to improve COT 
and will likely result in improved management of dia-
betes at the national level.
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Supplementary Table 1. Annual numbers and percentages of the study patients classified by sex, use of insulin, age, treatment 
department, and duration of medication

Variable
Year

2009 2010 2011 2012 2013 2014

Sex

Male 3,806 (50.16) 4,030 (49.95) 4,422 (50.42) 4,405 (50.34) 4,433 (51.11) 4,216 (51.95)

Female 3,782 (49.84) 4,038 (50.05) 4,348 (49.58) 4,346 (49.66) 4,241 (48.89) 3,900 (48.05)

Use of insulin

Yes 1,839 (24.24) 1,929 (23.91) 2,037 (23.23) 2,026 (23.15) 1,902 (21.93) 1,640 (20.21)

No 5,749 (75.76) 6,139 (76.09) 6,733 (76.77) 6,725 (76.85) 6,772 (78.07) 6,476 (79.79)

Age, yr

< 40 285 (3.76) 304 (3.77) 304 (3.47) 283 (3.23) 271 (3.12) 241 (2.97)

40 to < 50 745 (9.82) 744 (9.22) 747 (8.52) 706 (8.07) 681 (7.85) 634 (7.81)

50 to < 60 1,863 (24.55) 1,970 (24.42) 2,167 (24.71) 2,126 (24.29) 1,970 (22.71) 1,826 (22.50)

60 to < 70 2,761 (36.39) 2,834 (35.13) 3,074 (35.05) 2,929 (33.47) 2,837 (32.71) 2,591 (31.92)

70 to < 80 1,637 (21.57) 1,883 (23.34) 2,087 (23.80) 2,284 (26.10) 2,453 (28.28) 2,358 (29.05)

≥ 80 297 (3.91) 333 (4.13) 391 (4.46) 423 (4.83) 462 (5.33) 466 (5.74)

Treatment department

Endo 1,727 (22.76) 1,901 (23.56) 2,004 (22.85) 2,027 (23.16) 2,019 (23.28) 2,025 (24.95)

Endo & others 2,841 (37.44) 2,996 (37.13) 3,274 (37.33) 3,217 (36.76) 3,112 (35.88) 2,708 (33.37)

Others 3,020 (39.80) 3,171 (39.30) 3,492 (39.82) 3,507 (40.08) 3,543 (40.85) 3,383 (41.68)

Duration of medication, yr

< 3 2,315 (30.51) 2,356 (29.20) 2,497 (28.47) 2,216 (25.32) 1,957 (22.56) 1,811 (22.31)

3–5 2,173 (28.64) 2,323 (28.79) 2,405 (27.42) 2,386 (27.27) 2,410 (22.78) 2,158 (26.59)

≥ 6 3,100 (40.85) 3,389 (42.01) 3,868 (42.01) 4,149 (47.41) 4,307 (49.65) 4,147 (51.10)

Total 7,588 (100) 8,068 (100) 8,770 (100) 8,751 (100) 8,674 (100) 8,116 (100)

Values are presented as number (%).
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Supplementary Figure 1. The diabetes quality assessment indicator management system at Kyung Hee University Hospital. 
This system consists of three primary categories of indicators: continuity, test, and prescription. Each indicator is distin-
guished by the treatment department, sex, age, use of insulin, and duration of the administration of oral hypoglycemic agents 
and insulin. The total number of subjects, number of subjects who meet the indicator, and the formula for calculating the in-
dicators are shown. HbA1c, glycated hemoglobin.
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Supplementary Figure 2. The diabetes treatment appropri-
ateness management notification system of Kyung Hee Uni-
versity Hospital. This system is an electronic prescription 
program used when prescribing medications and examina-
tions for diabetic patients in an outpatient setting. A test 
notification function was added to this system; it notifies 
physicians of the timing of prescriptions for the diabetes 
complication tests through a notification window, 1 year af-
ter the HbA1c, lipid, fundus, and microalbuminuria tests.
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