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INTRODUCTION

We analyzed the direct medical costs for Korean patients with type 2 diabetes according to
the type of complications and the number of microvascular complications. We analyzed
costs for type 2 diabetes and associated complications in 3,125 patients. These data were
obtained from the Korean National Diabetes Program (KNDP), a large, ongoing,
prospective cohort study that began in 2005. The cost data were prospectively collected,
using an electronic database, for the KNDP cohort at six hospitals. The costs were analyzed
according to complications for 1 yr from enrollment in the study. Among 3,125 patients,
918 patients had no vascular complications; 1,883 had microvascular complications only;
51 had macrovascular complications only; and 273 had both complications. The annual
direct medical costs for a patient with only macrovascular, only microvascular, or both
macrovascular and microvascular complications were 2.7, 1.5, and 2.0 times higher than
the medical costs of patients without complications. Annual direct medical costs per
patient increased with the number of microvascular complications in patients without
macrovascular complications. The economic costs for type 2 diabetes are attributable
largely to the management of microvascular and macrovascular complications. Proper
management of diabetes and prevention of related complications are important for
reducing medical costs.

Key Words: Direct Medical Cost; Economic Cost; Korea; Macrovascular Complications;
Microvascular Complications; Diabetes Mellitus, Type 2

microvascular complications. Macrovascular complications in-
clude cardiovascular, cerebrovascular, and peripheral artery

Diabetes is a major health problem worldwide, and the inci-
dence, prevalence, and mortality associated with diabetes have
increased consistently (1). According to the World Health Orga-
nization and International Diabetes Federation, the number of
patients with diabetes will increase from 135 million in 1995 to
300 million in 2025 (2, 3), an increase of more than twofold over
the course of 30 yr.

Type 2 diabetes is a chronic disease that is always associated
with long-term and life-threatening complications. These com-
plications can be divided into two categories: macrovascular and
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obstructive disease. Microvascular complications include reti-
nopathy, nephropathy, and neuropathy. Most patients with di-
abetes ultimately suffer from these complications.

With the increasing incidence of diabetes, the economic bur-
den of diabetes, given its chronic nature, severe complications,
and need for long-term care, has become an important public
health issue (4). In particular, the management of microvascu-
lar and macrovascular complications accounts for a large por-
tion of costs during diabetic care (5-7). The economic costs of
diabetes have been well researched and recognized in the USA
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(8) and many developed countries of western Europe (9). How-
ever, few studies have been performed in developing Asian coun-
tries, including Korea.

The prevalence of type 2 diabetes is rapidly increasing in Asian
countries, especially in Korea (10). The prevalence of type 2 dia-
betes is reported to be increasing at a rate of 7.9% among Kore-
ans 20 to 79 yr of age (11). The economic burden of type 2 dia-
betes is also increasing in Korea. According to the Korea Nation-
al Health and Nutrition Examination Survey, the aggregate an-
nual direct costs of diabetes were 260 million dollars in 2009
(12).

The Korean National Diabetes Program (KNDP), a large, on-
going, prospective cohort study that begin in 2005, is aimed at
investigating the pathophysiology of type 2 diabetes in Korean
patients (13). This 9-yr study will provide clinical evidence on
the pathophysiology of Korean patients with type 2 diabetes
and patients with a high risk for type 2 diabetes. The goal of the
KNDP is to develop accurate guidelines for the prevention and
treatment of diabetes that will ultimately lead to increased qual-
ity of life and decreased mortality.

In this study, we used the KNDP data to analyze and com-
pare the annual medical costs for type 2 diabetic patients with
no complications and type 2 diabetic patients with microvascu-
lar complications, macrovascular complications, or both.

MATERIALS AND METHODS

Study population

Type 2 diabetic patients who were participants in the KNDP at
six hospitals in Korea were enrolled. Inclusion criteria for the
type 2 diabetic patients included: older than 20 yr of age, newly
diagnosed with type 2 diabetes according to American Diabe-
tes Association (ADA) criteria (in 2004) (14); and treatment with
oral hyperglycemic agents, insulin, or lifestyle modification.
Age, gender, duration of diabetes, height, weight, abdominal
circumference, and blood pressure were recorded. Blood was
drawn for a fasting blood glucose test, HbAlc assay, lipid profile
determination, and other biochemical tests. Information on
concurrent diseases such as hypertension and dyslipidemia,
and a medical history, including macrovascular and microvas-
cular complications, were collected for each patient through
questionnaires, medical records, and examinations. Among the
KNDP cohort, we analyzed 3,125 patients at six hospitals.

Identification of complications

Macrovascular complications consisted of myocardial infarc-
tion, angina, other cardiovascular complications with conges-
tive heart failure, cerebral infarction, peripheral arterial obstruc-
tive disease (PAOD), and amputation of extremities. PAOD was
determined only after diagnosis by angiography. Microvascular
complications consisted of diabetic retinopathy, neuropathy,
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and nephropathy, including dialysis and renal transplantation.
Diabetic retinopathy was defined with a past medical history
and abnormal results of fundus photography. Diabetic neurop-
athy was defined with a past medical history and any abnormal
results of autonomic neuropathy tests, vibration perception, or
current perception thresholds. To define diabetic nephropathy,
the albumin/creatinine ratio or estimated glomerular filtration
rate (GFR) of random urine sampling was used. Diabetic ne-
phropathy was diagnosed based on microalbuminuria or a GFR
below 60 mL/min/1.73 m? where GFR was calculated as:

Estimated GFR (mL/min/1.73 m?) =

186.3 x (serum creatinine)™'** x (age)**®.

This value was multiplied by 0.742 to calculate the GFR in fe-

males.

Analysis of costs of care
The cost data were prospectively collected using electronic da-
tabases from six of the KNDP hospitals and comprised medical
costs covered by insurance and those not covered. We calculat-
ed direct medical costs and did not included non-direct non-
medical costs (e.g., costs associated with transportation and
care of dependents). Direct medical costs included outpatient
and hospitalization costs. Outpatient costs consisted of costs
associated with physician services, medications, examinations,
and other (medical supplies). Hospitalization costs were identi-
fied from aggregate departmental expenditures.

To compare the costs of patients with and without complica-

Table 1. Characteristics of study population

Characteristics Mean £ SD
No. of total (male [%]:female [%]) 3,125 (1,357 [43.4]:1,768 [56.6])
DM duration (yr) 5.7 £ 6.4 (0-44)
Age (yr) 54,7 £ 10.5 (14-86)
BMI (kg/m?) 252 £32
Waist circumference (cm) 88.0 £ 8.2
Male 89.0 £ 7.7
Female 86.6 £ 8.5
Systolic BP (mmHg) 125.6 £ 14.9
Diastolic BP (mmHg) 78.8 £ 16.0
Fasting glucose (mg/dL) 146.1 £ 52.8
Postprandial glucose (mg/dL) 2705 £ 101.7
HbA1c (%) 78+ 20
Total cholesterol (mg/dL) 182.7 £ 40.5
Triglyceride (mg/dL) 162.4 £ 124.7
HDL-cholesterol (mg/dL) 46.8 £ 12.7
LDL-cholesterol (mg/dL) 105.0 £+ 36.8
Therapy
Diet & exercise 1,303 (44.3%)
OHA 1,359 (46.2%)
Insulin 147 (5.0%)
Insulin + OHA 134 (4.6%)

HTN medication 868 (29.5%)
Smoking history 1,436 (51.0%)
Data are expressed as the number of patients (%) or range or mean £ SD. BMI, Body

mass index; BP, Blood pressure; HDL, High density lipoprotein; LDL, Low density lipo-
protein; OHA, Oral hyperglycemic agent.
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tions, we classified patients into four disease groups: diabetes
without complications, diabetes with microvascular complica-
tions, diabetes with macrovascular complications, and diabetes
with both complications. We analyzed the costs of type 2 diabe-
tes according to complications for 1 yr after registration in the
KNDP cohort.

Statistical analysis

Statistical analyses were performed using PASW version 18.0
software (PASW Inc., Chicago, IL, USA). Differences in the base-
line characteristics between the groups were compared using
the chi-square test for dichotomous variables and one-way
analysis of variance (ANOVA) for continuous variables. ANOVA
was performed to assess annual costs. For significant ANOVA
results, a Tukey post hoc multiple comparison was used to es-
tablish differences between the groups. Values of P < 0.05 were
considered to indicate statistical significance.

Ethics statement

The institutional medical ethics committee at each hospital ap-
proved the methods involved in the present study (Ajou Uni-
versity Hospital: AJIRB-CRO-05-093; Kyung Hee University Hos-
pital: KMCO05-26-04; Inha University Hospital: 2006-67; Han-
yang University Hospital: 2005-250; Korea University Guro Hos-
pital: GR0542-001; Kyung Hee University Kangdong Hospital:
KHNMC IRB 2006-017). Informed consent was provided by all

Table 2. Comparison of study population characteristics according to complications

of the patients following a sufficient explanation of the study.
RESULTS

Baseline patient characteristics

The baseline characteristics of the patients are shown in Table 1.
Of the 3,125 patients, 1,768 (56.6%) patients were female. The
mean patient age was 54.7 yr (range, 20-86 yr). The average du-
ration of diabetes was 5.7 yr; the average HbAlc level was 7.7%.
About half of all patients (46.2%) were treated with oral hypo-
glycemic agents only, 5.0% of patients were treated with insulin
only, and 29.5% were taking drugs for hypertension. About 49%
of the patients had a history of smoking.

Comparing baseline characteristics of patients by
complication type

Table 2 shows comparisons of patient baseline characteristics
by complication type. Of the 3,125 patients, 918 (29.4%) did not
exhibit vascular complications; 1,883 (60.3%) had microvascu-
lar complications without macrovascular complications; 273
(8.7%) had macrovascular and microvascular complications;
and 51 (1.6%) had macrovascular complications without micro-
vascular complications. Patients with both complications were
significantly older and had a longer duration of illness. Diet and
exercise accounted for treatment in half of the patients without
complications. The proportion of patients using insulin was in-

ch - DM without DM with microvascular DM with macrovascular DM with micro- & macro-
aracteristics o - - - P value
complications complications only complications only vascular complications
No. (male:female) 918 (543:375) 1,883 (1,037:846) 51 (30:21) 273 (158:115) < 0.001
DM duration (yr) 3.8 6.23 45 8.4 < 0.001
Age (yr) 51.7 55.5 56.9 58.6 < 0.001
BMI (kg/m?) 25.3 25.1 25.6 25.5 0.110
Waist circumference (cm) 87.9 87.9 89.0 88.6 0.437
Male 88.8 89.0 91.2 89.4 0.358
Female 86.7 86.5 86.0 87.5 0.680
Systolic BP (mmHg) 124.0 126.2 125.9 127.0 0.002
Diastolic BP (mmHg) 79.3 78.6 77.8 78.4 0.622
Fasting glucose (mg/dL) 144.4 147.5 188,38 144.8 0.240
Postprandial glucose (mg/dL) 264.1 276.6 224.6 258.3 < 0.001
HbA1c (%) 7.6 7.8 7.5 7.7 0.045
Total cholesterol (mg/dL) 184.8 182.9 168.4 176.6 0.002
Triglyceride (mg/dL) 164.0 161.9 166.1 159.7 0.954
HDL-cholesterol (mg/dL) 47.2 46.8 46.2 44.6 0.036
LDL-cholesterol (mg/dL) 106.6 104.9 90.6 102.2 0.023
Therapy
Diet & exercise 417 (49.5%) 767 (43.2%) 26 (51.0%) 93 (34.1%) 0.002
OHA 381 (45.3%) 820 (46.2%) 20 (39.2%) 138 (50.6%) 0.060
Insulin 24 (2.9%) 98 (5.5%) 3(5.9%) 22 (8.1%) < 0.001
Insulin + OHA 20 (2.4%) 92 (5.2%) 2 (3.9%) 20 (7.3%) < 0.001
HTN medication 160 (19.0%) 569 (32.0%) 17 (33.3%) 122 (44.7%) < 0.001
Smoking history 389 (48.3%) 886 (52.2%) 21 (44.7%) 140 (53.2%) 0.260

Data are expressed as the number of patients (%), range, or mean £ SD. Differences between groups were compared using a chi-square test for dichotomous variables and
one-way analysis of variance for continuous variables. BMI, Body mass index; BP, Blood pressure; HDL, High density lipoprotein; LDL, Low density lipoprotein; OHA, Oral hyper-

glycemic agent.
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Table 3. Annual direct medical costs per patient by microvascular and macrovascular complications

(U$1 = KRW1,000)

. DM with DM with DM with micro- &
DM without )
Parameters Total - microvascular macrovascular macrovascular P value
complications P~ o o
complications complications complications
No. 3,125 918 1,883 51 273
OPD
Physician service 123.6 105.7 122.2 173.6 184.2 < 0.001
Drugs 966.9 761.1 997.7 1,300.6 1,384.5 < 0.001
Examinations 330.2 289.5 334.8 356.4 430.0 < 0.001
Others 32.8 23.7 33.8 67.8 49.3 0.005
Total 1,453.5 1,180.0 1,488.6 1,898.4 2,047.9 < 0.001
Hospitalizations 486.1 216.4 533.7 1,910.8 804.4 < 0.001
Total 1,938.8 1,396.1 2,021.7 3,771.7 2,849.4 < 0.001

Differences between groups were compared using one-way analysis of variance for continuous variables. OPD, out patient department; KRW, Korean Won.

[J Hospitalizations [ Others WM Examinations M Drugs B Physician service
4,000 x 2.70
3,500
3,000 x 2.04
& 2,500 |-
=3 x 1.45
+2 2,000 -
o
© 1,500 -
1,000
500 [~
0
DM without DM with DM with DM with
complications  microvascular macrovascular micro- &
complications  complications macrovascular
complications Q
[] Others [ Examinations W Drugs B Physician service
100
90
80
70
60
R 50
40 |-
30 +
20 -
10
0
DM without DM with DM with DM with
complications  microvascular macrovascular micro- &

complications ~ complications macrovascular

complications G

creased in patients with both complications. The percentage of
patients treated with antihypertensive medication was higher
in patients with complications.

Among those with microvascular complications, 470 patients
had retinopathy, 804 patients had nephropathy, and 1,715 pa-
tients had neuropathy. There were no patients on dialysis or
with a history of kidney transplantation. Among the patients
with macrovascular complications, 58 had a history of myocar-

http://dx.doi.org/10.3346/jkms.2012.27.8.876
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macrovascular micro- &
complications macrovascular
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Fig. 1. Annual direct medical costs per patient according to microvascular and
macrovascular complications. (A) Annual direct medical cost breakdown by type of
complication. (B) Cost categories contributing to annual direct medical costs per
patient. (C) Cost categories contributing to outpatient costs per patient.

dial infarction, 88 had a history of angina pectoris, and 162 had
a history of cerebrovascular events. During the follow-up peri-
od, macrovascular complications occurred in 18 patients, and
five patients died.

Annual direct medical costs per patient by macrovascular
and microvascular complications
The annual mean cost per capita for type 2 diabetic patients is

http://jkms.org 879
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Table 4. Annual direct medical cost per patient by number of microvascular complications

(U$1 = KRW1,000)

No. of microvascular DM without macrovascular complication

DM with macrovascular complications

A P value P value
complications 0 1 2 3 0 1 2 3
No. 918 1265 521 97 51 169 90 14
OPD
Physician service 105.7 112.3 138.7 163.3 < 0.001 173.6 185.9 1771 208.4 0.935
Drugs 761.1 857.1 1,238.8 1,534.1 < 0.001 1,300.6 1,312.5 1,333.5 2,682.8 0.004
Examinations 289.5 323.3 348.7 411.5 < 0.001 356.4 424.8 431.0 485.7 0.633
Others 23.7 30.2 38.9 54.6 0.020 67.8 343 53.8 201.6 0.028
Total 1,180.0 1,322.8 1,765.0 2,163.6 < 0.001 1,898.4 1,957.4 1,995.3 3,478.5 0.005
Hospitalizations 216.4 413.9 584.4 1,822.8 < 0.001 1,910.8 816.6 888.6 116.7 0.326
Total 1,396.1 1,736.4 2,348.2 3,986.4 < 0.001 3,771.7 2,769.2 2,883.9 3,595.2 0.526

The differences between groups were compared using the one-way analysis of variance for continuous variables. OPD, out patient department.

[J Hospitalizations [ Others WM Examinations M Drugs B2 Physician service
4,500
4,000 [~
3,500 [~
3,000 [~

S 2,500 -

B 2000 |- <124
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@
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Number of microvascular complications

A
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3,000 -

2,000 -
1,500 |~
1,000 -
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=2
=
-
oD
Q
o

0 1 2 3
Number of microvascular complications

(5]

Fig. 2. Annual direct medical costs per patients by number of microvascular complications. (A) In patients without macrovascular complications. (B) In those with macrovascular

complications. *P < 0.001 by ANOVA.

shown in Table 3 according to complications. The annual direct
medical cost per patient was U$1,939 equivalent, of which out-
patient costs were 74.9% (U$1,453 equivalent) and hospitaliza-
tion costs were 25.1% (U$486 equivalent). Medications account-
ed for the largest portion (66.6%) of outpatient costs, followed
by examinations (22.7%), physician services (8.5%), and other
costs (2.3%). Comparing according to complications, the annual
direct medical cost per capita was highest in patients with mac-
rovascular complications compared with other patients (Fig. 1).

The annual direct medical costs for a patient with only mac-
rovascular, only microvascular, or both macrovascular and mi-
crovascular complications were 2.7, 1.5, and 2.0 times higher
than the costs for patients without complications. Costs for hos-
pitalization were higher than costs for outpatient services in the
group with only macrovascular complications; however, outpa-
tient costs were highest in the group with both microvascular
and macrovascular complications. Medication costs accounted
for 64.5%, 67%, 68.5%, and 67.6% of outpatient costs for patients
with no complications, microvascular complications only, mac-
rovascular complications only, and both complications, respec-
tively.

880  http://jkms.org

Annual direct medical costs per patient by the number of
microvascular complications

There were significant differences in the annual direct medical
costs between patients with and without macrovascular com-
plications. Among patients without macrovascular complica-
tions, the annual direct medical cost per patient increased with
an increase in the number of microvascular complications. Spe-
cifically, costs for physician services, medications, and hospital-
ization were significantly higher in patients with more micro-
vascular complications. However, there were no significant dif-
ferences in costs among patients with macrovascular complica-
tions (Table 4). Comparisons between patients with one or more
complications and those without complications are presented
in Fig. 2.

DISCUSSION
In this study, we analyzed the direct medical costs for type 2 di-
abetic Korean patients according to the type and number of

complications. Annual direct medical costs were higher for type
2 diabetic patients with macrovascular or both microvascular

http://dx.doi.org/10.3346/jkms.2012.27.8.876
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and macrovascular complications, and annual direct medical
costs increased with an increased number of combined micro-
vascular complications in patients without macrovascular com-
plications.

Many retrospective studies have demonstrated that the pres-
ence, type, and number of diabetic complications have an im-
pact on the cost of diabetic care. This prospective study showed
similar results. Costs were higher for diabetic patients with com-
plications than for those without complications, and macrovas-
cular complications had a greater impact than microvascular
complications. Other studies (e.g., the CODE-2 study) have re-
ported that costs for patients with both complications were high-
est, followed by macrovascular only and then microvascular
only complications. In contrast, our study found that the costs
for patients with both complications were lower than the costs
for patients with macrovascular complications only (9, 15). This
difference may be due to a shorter duration of illness (4.5 yr vs
8.4 yr) or higher hospitalization costs for patients with only mac-
rovascular complications compared to patients with both com-
plications. Higher hospitalization costs for patients with a short-
er duration of diabetes were associated with recent macrovas-
cular complications. Brandle and colleagues reported high di-
rect medical costs during the first year following the onset of
macrovascular complications (16). A longer duration of diabe-
tes in patients with both complications also suggested that op-
erations or procedures which occupied a large portion of the
costs of hospitalization had already been done. Thus the cost
for patients with both complications was lower than that for pa-
tients with macrovascular complications only in our study.

Except in the macrovascular complications only group, med-
ication costs accounted for the largest portion of total costs, and
the percentage was highest in the microvascular and macrovas-
cular complications group, followed by the microvascular com-
plications only group, and the no complications group. With re-
spect to the distribution of total costs, medications and hospi-
talization were the largest categories. These results are consis-
tent with those of previous studies (8, 9, 15-17).

In patients without macrovascular complications, the total
costs increased with an increased number of microvascular
complications. However, in patients with macrovascular com-
plications, additional microvascular complications did not con-
tribute significantly to the direct medical costs. This indicates
that macrovascular complications are a major source of costs
for diabetic patients and suggests that prevention and proper
management of macrovascular complications may be effective
interventions for reducing the long-term economic burden of
diabetic therapy.

Early diagnosis, optimal management of blood glucose lev-
els, blood pressure, and lipid concentrations; together with ear-
ly detection and management of complications are important
aspects of minimizing the occurrence of type 2 diabetes and its

http://dx.doi.org/10.3346/jkms.2012.27.8.876

related complications (18). In general, the level of management
for diabetics differs significantly between developing and de-
veloped countries (19). Unlike in acute care, prevention, early
detection, and proper treatment of diabetes have not received
adequate attention in developing countries (20). Thus, the prev-
alence of diabetes is increasing rapidly in developing countries.
In Korea, the prevalence of diabetes increased rapidly until the
late 1990s (21-23). In other developing Asian countries such as
China and India, increased prevalence of diabetes has accom-
panied fast economic growth (24, 25). Recent reports indicate
that the prevalence of diabetes in Korea did not change signifi-
cantly for 7 yr after 1998, suggesting that the prevalence of dia-
betes in Korea is currently increasing at a rate intermediate be-
tween the rates in developing and developed countries. Although
the prevalence of diagnosed diabetes in Korea was 68% in 2005
and has increased to a percentage matching that in developed
countries, the control of diabetes has not yet achieved the level
of control in developed countries (26). Based on these results,
proper management of diabetes and prevention of its related
complications may be better approaches than early detection
for reducing the cost of diabetes treatment in Korea.

The cost of diabetes care tends to increase in relation to a
country’s degree of economic development, although it is diffi-
cult to compare costs between different countries because of
social and economic differences and differences in the meth-
ods used. Nevertheless, it can be useful to assess the magnitude
of the economic burden of diabetes in Korea. Annual direct
medical costs per patient in this study (U$1,939 equivalent)
were far less than the costs in developed countries such as the
USA (direct medical costs, U$11,744) (8) and Germany (direct
total cost, U$4,713) (27), but were more than those in develop-
ing countries such as Iran (direct total cost, U$152) (28), India
(direct total cost, U$525.5) (29), and China (direct medical cost,
U$1,321) (30). We suggest that the costs for diabetes treatment
in Korea, similar to the prevalence of diabetes, are intermediate
between those of developing and developed countries.

This study had some limitations. First, because the enrolled
patients were from only six general hospitals, this study did not
represent the general type 2 diabetic population in Korea. Fur-
thermore, general hospital charges are more expensive than
those of non-general hospitals in Korea. Second, the costs in
this study reflected only direct medical costs and did not include
direct nonmedical costs or indirect costs, making cost compari-
sons with other countries difficult. Third, although the present
study was a prospective cohort study, the costs of medical ser-
vices provided by other hospitals to the patients enrolled in the
current study were not included. Fourth, because the presence
of diabetic complications was identified by questionnaires and
examinations, reporting bias might have affected the classifica-
tion of complications and costs. Finally, we did not distinguish
the stage of each diabetic complication, which might have af-
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fected the cost differences. Future studies are necessary to eval-
uate the most effective treatment regimens for the prevention
of diabetic complications. The strength of our study is its pro-
spective cohort study design. We collected total cost data of en-
rolled patients in the same hospital for 1 yr. In Korea, most pa-
tients who use a general hospital tend to always use the same
hospital. Thus, we believe that the costs estimated using these
data were reliable.

In conclusion, the economic cost for type 2 diabetes is highly
associated with the management of macrovascular complica-
tions, rather than microvascular complications. Moreover, the
cost increases as the number of combined microvascular com-
plications increases in patients without macrovascular compli-
cations. The present study indicates that proper management
of diabetes and prevention of related complications are impor-
tant to reduce the economic burden associated with diabetes.
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