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ABSTRACT

Background: A chronic disease management program was implemented in April 2012 to
lower out-of-pocket costs for repeat visits to the same clinic. The aim of this study was

to investigate the association between participating in this program and the onset of
complications among patients with hypertension using whole-nation claims data.

Methods: We used National Health Insurance Service data (2011-2018) and patients with
newly detected hypertension from 2012 to 2014 were selected. Chronic disease management
program reduces the out-of-pocket expenses of consultation fee from 30% to 20% when
patients enroll in this program by agreeing to visit the same clinic for the treatment of
hypertension or diabetes. As the dependent variable, acute myocardial infarction (MI),
stroke, chronic kidney disease (CKD), and heart failure (HF) were selected. For analysis, cox
proportional hazards model was used.

Results: Total participants were 827,577, among which 102,831(12.6%) subjects participated
in the chronic disease management. Participants of the chronic disease management program
were more likely to show lower hazard ratios (HRs) than those of non-participants in terms of
all complications (MIL: HR, 0.75; 95% confidence interval [CI], 0.68-0.82; stroke: HR, 0.75;
95% CI, 0.72-0.78; CKD: HR, 0.90; 95% CI, 0.85-0.96; HF: HR, 0.56; 95% CI, 0.52-0.61).
Conclusion: The results showed that participants of the chronic disease management
program were less likely to have hypertension complications compared to non-participants.
Enhancing the participation rate may be related to better outcomes and reducing medical
expenses among patients with chronic diseases.

Keywords: Chronic Disease Management Program; Chronic Disease; Continuity of Care;
Chronic Disease Management Policy; Hypertension; Complications of Hypertension
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INTRODUCTION

Hypertension is one of the major chronic diseases, and the number of patients with
hypertension was nearly 1.1 billion in 2015 globally. In Korea, the number of patients
diagnosed with hypertension has shown steadily increasing trends, from 3 million in 2002 to
nearly 9 million in 2016.1

Hypertension is associated with various complications; in particular, it may seriously affect
the cardiovascular system. Excessive pressure hardens the arteries, reducing the flow of
blood and oxygen to the heart. This high pressure and reduced blood flow block the blood
supply, and a lack of oxygen in myocardial cells may cause heart problems such as angina
and heart failure (HF). Additionally, HF may occur due to insufficient blood and oxygen, and
an irregular pulse may be related to sudden death. In addition to the cardiovascular system,
hypertension may also lead to stroke by blocking or rupturing arteries that supply blood and
oxygen to the brain and renal failure by causing renal injury.2,3 Thus, hypertension is the
most important modifiable risk factor for cardiovascular and cerebrovascular diseases.4

Continuous management of hypertension may lower the risk of complications and mortality.
Continuous management may be achieved by the concept of continuity of care (COC). COC
refers to continually visiting the same medical institution, forming a close relationship with
physicians or treatment teams, and working together toward the goal of improving disease.5
In terms of physicians’ aspect, high COC is related to a better understanding of patients’
blood pressure, dietary behaviors, and physical activity patterns.® In terms of patients’
aspect, a close rapport with physicians may be related to improving lifestyle patterns and
medical adherence.”

Unlike other countries, such as the United States, which operates management care systems
such as Accountable Care Organizations and Health Maintenance Organizations, or England,
which operates the National Health Service system and conducts patient-centered care,
Korea is devoid of a high demand for improving COC because of the Fee for Service payment.
Thus, a supplementary policy for improving COC is needed. In April 2012, a chronic disease
management program for hypertension and diabetes was launched in Korea, which is only
applied in primary care clinics.8 This program reduces the out-of-pocket expenses of patients
from 30% to 20% of the consultation fee when patients enroll in this program by agreeing

to visit the same clinic for the treatment of hypertension or diabetes. Thus, enhanced

COC is expected by prompting patients to use the same medical institute. In addition,
reestablishment of a healthcare delivery program is expected by encouraging patients with
non-severe chronic disease to use clinics for treating those diseases instead of hospitals or
tertiary hospitals.

After implementing a chronic disease management program, few studies have studied

the association between chronic disease management programs and continuity of care.
However, they could not investigate the program and the onset of complications because
long-term data have not been accumulated. Thus, the aim of this study was to investigate
the association between participating in a chronic disease management program and the
onset of complications among patients with hypertension using whole-nation claims data.
Additionally, we conducted sensitivity analysis by limiting the study population with health
examination data or those with local clinic visits comprising at least 70% of all medical
institution visits for treating hypertension.
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METHODS

Data source and study population

For this study, we used National Health Insurance Service (NHIS) data (2011-2018). The data
provided by the NHIS included medical history details, information on health insurance
qualifications and medical institutions, health checkup results, and birth and death
information of all Korean National Health Insurance and medical aid beneficiaries from
2002 to 2018, which comprises more than 95% of the entire nation. The subjects’ data were
anonymized and collected.?

In this study, using data from the NHIS, patients with newly detected hypertension from
2012 to 2014 were selected and followed up until December 2018. Patients with newly
developed hypertension were defined as those who were prescribed hypertension drugs for
a new diagnosis of hypertension (I10) after 2012, without a history of being prescribed a
hypertension drug for a diagnosis of hypertension before 2012.

For exclusion criteria, patients with hypertension complications such as acute myocardial
infarction (MI), stroke, chronic kidney disease (CKD), and heart failure (HF) before the
enrollment period (2012-2014) were excluded. Those who died during the measurement

period for participation in the chronic disease management program (1 year from the onset of
hypertension) were also excluded from this study. In order to determine the effects of the chronic
disease management program, subjects who participated in policies related to chronic diseases
other than the chronic disease management program were excluded from the study. Subjects
older than 65 years of age or receiving medical aid who gained limited benefits from the chronic
disease management program were excluded from the study. Lastly, subjects who participated
in the chronic disease management program after the measurement period were excluded. After
excluding patients with missing data, the final subjects included 817,577 patients, among which
102,831(12.6%) subjects participated in the chronic disease management (Fig. 1).

Independent variable

The independent variable was participation in the chronic disease management program.

It reduces the out-of-pocket expenses of consultation fee from 30% to 20% when patients
enroll in this program by agreeing to visit the same clinic for the treatment of hypertension or
diabetes. The subjects were divided into two groups, depending on whether they participated
in the chronic disease management program within one year of the onset of hypertension.
Subsequently, hypertension complications were investigated until the end of 2018.

Dependent variable

As the dependent variable, acute MI, stroke, CKD, and HF were selected as hypertension
complications. Acute MI, stroke, and HF were defined as hospitalizations due to the
International Classification of Diseases (ICD)-10 codes corresponding to each disease (acute
MI, 121-24; stroke, 160-67; HF, I50), and CKD was defined as hospitalization and outpatient
status due to an ICD-10 code of N18.1013

Two sensitivity analyses were conducted to examine the effects of the chronic disease
management program in various aspects. First, since the chronic disease management
program was only implemented at the clinic level, the analysis was only conducted for
patients who visited primary medical institutions for more than 70% of the hypertension
treatment for one year after the onset of hypertension in order to match the severity and
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Fig. 1. Flow diagram.

tendency of the patients. Second, in order to adjust for blood pressure control and lifestyle
habits of the study subjects, the analysis was conducted for subjects who had a medical
examination record within one year after the onset of hypertension, and we adjusted for
blood pressure control, fasting blood sugar levels, exercise habits, and smoking status.

Also, we tried to prevent overcorrection and report the sequential results according to the
covariates by additionally analyzing the unadjusted model and the model adjusted for sex and
age (Supplementary Tables 1-4).

Covariates

The covariates included in the analysis were age (younger than 40, 40—-44, 45-49, 50-54, 55—
59, and 60-64 years), gender (male, female), income (quartile for employee National Health
Insurance, quartile for local subscribers), underlying disease (Charlson Comorbidity Index;
CCI), diabetes (with or without), residential area (13 cities and provinces), and the year of
hypertension onset. In addition, we adjusted the health examination results in the sensitivity
analysis for subjects who underwent a health checkup within a year of hypertension onset for
the following factors: diabetes (non-fasting blood sugar disorders, diabetes), blood pressure
(greater than 140/90, 140/90 to 120/80, normal), total cholesterol levels, triglyceride levels,
low-density lipoprotein levels, high-density lipoprotein levels, body mass index (low, normal,
pre-obesity stage, obesity stage 1, obesity stage 2), smoking status (smoking, past smoking,
non-smoking), and exercise habits (low, moderate, and high activity).

Statistical analysis

For statistical analysis, the ¥ test, t-test, and analysis of variance were used to determine
the differences in basic characteristics depending on participation in the chronic disease
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management program. Additionally, the Cox proportional hazards model was used to
determine the risk of complications according to participation in the chronic disease
management program. Results of the cox proportional hazards model were expressed as
hazard ratio (HR) and their 95% confidence interval (CI). All covariates were adjusted and
calculated and calculated Pvalues were two sided, and assumed significant at P < 0.05. All
results were analyzed using SAS 9 (SAS Institute, Cary, NC, USA).

Ethics statement

This study was approved by the Institutional Review Board of National Health Insurance
Service Ilsan Hospital (NHIMC-2021-01-010). No informed consent was required from
patients due to the nature of public data from NHIS.

RESULTS

Table 1 shows the general characteristic and distribution of the study population by
hypertension complication. Of 817,577 patients with hypertension, 12.6% (n = 102,831)
participated in the management program. Among the study population, 0.6% (n = 4,672),
2.4% (n =19,974), 1.3% (n = 10,668), and 1.0% (n = 8,468) had MI, stroke, CKD, and HF,
respectively. Regarding complications, 0.5%, 2.1%, 1.3%, and 0.7% of the program’s
participants and 0.6%, 2.5%, 1.3%, and 1.1% of non-participants had MI, stroke, CKD, and
HEF, respectively.

Table 2 shows the results of survival analysis related to participation in the chronic disease
management program and the onset of complications. Participants of the chronic disease
management program were more likely to show lower HRs than those of non-participants

Table 1. Frequency of hypertension complications

Variables Total Myocardial Infarction Stroke Chronic kidney disease Heart failure
No. (%) No. (%) P value No. (%) P value No. (%) P value No. (%) Pvalue
Chronic disease management program <0.001 <0.001 0.900 <0.001
Non-participating 714,746 (87.4) 4,162 (0.6) 17,791 (2.5) 9,331 (1.3) 7,798 (1.1)
Participating 102,831 (12.6) 510 (0.5) 2,183 (2.1) 1,337 (1.3) 670 (0.7)
Age group <0.001 <0.001 <0.001 <0.001
<40 141,589 (17.3) 441 (0.3) 1,521 (1.1) 1,902 (1.3) 1,105 (0.8)
40-44 106,940 (13.1) 505 (0.5) 1,766 (1.7) 1,211 (1.1) 767 (0.7)
45-49 136,984 (16.8) 710 (0.5) 2,914 (2.1) 1,469 (1.1) 1,201 (0.9)
50-54 174,203 (21.3) 1,032 (0.6) 4,535 (2.6) 2,117 (1.2) 1,696 (1.0)
55-59 147,366 (18.0) 1,041 (0.7) 4,738 (3.9) 2,054 (1.4) 1,860 (1.3)
60-64 110,495 (13.5) 943 (0.9) 4,500 (4.1) 1,915 (1.7) 1,839 (1.7)
Gender <0.001 0.42 <0.001 <0.001
Men 474,022 (58.0) 3,642 (0.8) 11,524 (2.4) 7,008 (1.5) 5,417 (1.1)
Women 343,555 (42.0) 1,030 (0.3) 8,450 (2.5) 3,660 (1.1) 3,051 (0.9)
Income <0.001 <0.001 <0.001 <0.001
Occupational NHI
Low 142,597 (17.4) 807 (0.6) 3,477 (2.4) 1,837 (1.3) 1,422 (1.0)
Low-middle 140,772 (17.2) 730 (0.5) 3,358 (2.4) 1,829 (1.3) 1,453 (1.0)
Middle-high 109,518 (13.4) 590 (0.5) 2,262 (2.1) 1,342 (1.2) 965 (0.9)
High 129,292 (15.8) 603 (0.5) 2,349 (1.8) 1,525 (1.2) 1,021 (0.8)
Regional NHI
Low 84,969 (10.4) 642 (0.8) 2,813 (3.3) 1,399 (1.7) 1,214 (1.4)
Low-middle 62,961 (7.7) 446 (0.7) 1,799 (2.9) 829 (1.3) 764 (1.2)
Middle-high 89,187 (10.9) 513 (0.6) 2,357 (2.6) 1,151 (1.3) 1,042 (1.2)
High 58,281 (7.1) 341 (0.6) 1,559 (2.7) 756 (1.3) 587 (1.0)
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Table 1. (Continued) Frequency of hypertension complications

Variables Total Myocardial Infarction Stroke Chronic kidney disease Heart failure
No. (%) No. (%) P value No. (%) P value No. (%) P value No. (%) Pvalue
CCl <0.001 <0.001 <0.001 <0.001
0 385,276 (47.1) 2,043 (0.5) 8,143 (2.1) 4,519 (1.2) 3,166 (0.8)
1 260,590 (31.9) 1,516 (0.6) 6,362 (2.4) 3,208 (1.2) 2,686 (1.0)
>92 171,711 (21.0) 1,113 (0.7) 5,469 (3.2) 2,941 (1.7) 2,616 (1.5)
Diabetes <0.001 <0.001 <0.001 <0.001
No 748,591 (91.6) 3,935 (0.5) 17,722 (2.4) 7,703 (1.0) 7,393 (1.0)
Yes 68,986 (8.4) 737 (1.1) 2,959 (3.3) 2,965 (4.3) 1,075 (1.6)
Residential area <0.001 <0.001 <0.001 <0.001
Seoul 155,553 (19.0) 803 (0.5) 3,439 (2.2) 2,164 (1.4) 1,257 (0.8)
Busan 51,811 (6.3) 389 (0.8) 1,201 (2.3) 737 (1.4) 675 (1.3)
Daegu 32,087 (3.9) 158 (0.5) 649 (2.0) 314 (1.0) 191 (0.6)
Incheon 53,765 (6.6) 259 (0.5) 1,101 (2.1) 683 (1.3) 652 (1.2)
Gwangju 21,747 (2.7) 212 (1.0) 678(3.1) 266 (1.2) 271 (1.3)
Daejeon 22,667 (2.8) 117 (0.5) 518 (2.3) 372 (1.6) 236 (1.0)
Ulsan 29,901 (2.7) 114 (0.5) 500 (2.3) 297 (1.0) 221 (1.0)
Gyeonggi 205,740 (25.2) 1,039 (0.5) 4,527 (2.2) 92,584 (1.3) 1,746 (0.9)
Gangwon 93,616 (2.9) 78 (0.3) 675 (2.9) 376 (1.6) 494 (1.8)
Chungcheong 64,082 (7.8) 450 (0.7) 1,847 (2.9) 791 (1.2) 874 (1.4)
Jeolla 53,264 (6.5) 350(0.7) 1,676 (3.2) 590 (1.1) 517 (1.0)
Gyeongsang 100,158 (12.3) 622 (0.6) 2,930 (2.9) 1,324 (1.3) 1,267 (1.3)
Jeju 10,886 (1.3) 81(0.7) 233 (2.1) 240 (2.2) 137 (1.3)
Year <0.001 <0.001 <0.001 <0.001
2012 213,068 (26.1) 1,488 (0.7) 6,364 (3.0) 3,434 (1.6) 2,543 (1.2)
2013 310,461 (38.0) 1,827 (0.6) 7,759 (2.5) 4,213 (1.4) 3,301 (1.1)
2014 294,048 (36.0) 1,357 (0.5) 5,851 (2.0) 3,021 (1.0) 2,624 (0.9)
Total 817,577 (100.0) 4,672 (0.6) 19,974 (2.4) 10,668 (1.3) 8,468 (1.0)

NHI = National Health Insurance, CCI = Charlson Comorbidity Index.

https://jkms.org

in terms of all complications (MI: HR, 0.75; 95% CI, 0.68-0.82; stroke: HR, 0.75; 95% CI,
0.72-0.78; CKD: HR, 0.90; 95% CI, 0.85-0.96; HF: HR, 0.56; 95% CI, 0.52-0.61).

Table 3 shows the sensitivity analysis of different study populations. Despite the different
study populations, basic trends were sustained, except for those associated with CKD. In

model 1, which restricted the study population with health examination records, the HRs for
complications were lower when participating in the program, but only stroke and HF showed
statistically significant results (MI: HR, 0.85; 95% CI, 0.71-1.01; stroke: HR, 0.74; 95% ClI,
0.68-0.80; CKD: HR, 0.97; 95% CI, 0.87-1.09; HF: HR, 0.61; 95% CI, 0.52-0.71). In model 2,
which restricted the study population to those with local clinic visits comprising at least 70%
of all medical institution visits for hypertension treatment, patients who participated in the
program showed lower HRs for MI (HR, 0.84; 95% CI, 0.76—0.93), stroke (HR, 0.85; 95% CI,
0.81-0.89), and HF (HR, 0.80; 95% CI, 0.74—0.88) compared to those in non-participants.

In the case of CKD, participants showed higher HRs for CKD compared to those of non-
participants (HR, 1.15; 95% CI, 1.07-1.22).

DISCUSSION

The results of this study showed that participants of the chronic disease management
program were less likely to have hypertension complications (MI, stroke, CKD, and HF)
compared to non-participants (Table 3, Fig. 2). Analysis of patients who primarily visited
primary care clinics for the treatment of hypertension or had medical examination records
also revealed that the participants had low risks of all complications except CKD.
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Table 2. Results of survival analysis related to chronic disease management program and complications of hypertension

Variables Myocardial Infarction Stroke Chronic kidney disease Heart failure
HR 95% ClI HR 95% ClI HR 95% CI HR 95% ClI
Chronic disease management program
Non-participating 1.00 - 1.00 - 1.00 - 1.00 -
Participating 0.75 (0.68-0.82) 0.75 (0.72-0.78) 0.90 (0.85-0.96) 0.56 (0.52-0.61)
Age group
<40 0.35 (0.31-0.39) 0.27 (0.26-0.29) 0.93 (0.87-1.00) 0.50 (0.46-0.54)
40-44 0.54 (0.48-0.60) 0.42 (0.40-0.45) 0.74 (0.69-0.80) 0.46 (0.42-0.50)
45-49 0.61 (0.56-0.68) 0.54 (0.52-0.57) 0.69 (0.64-0.74) 0.56 (0.52-0.61)
50-54 0.71 (0.65-0.77) 0.65 (0.62-0.68) 0.76 (0.71-0.81) 0.61 (0.57-0.65)
55-59 0.83 (0.76-0.90) 0.80 (0.77-0.83) 0.83 (0.78-0.88) 0.77 (0.72-0.82)
60-64 1.00 = 1.00 = 1.00 = 1.00 o
Gender
Men 2.80 (2.61-3.00) 1.11 (1.08-1.15) 1.34 (1.29-1.40) 1.46 (1.39-1.59)
Women 1.00 - 1.00 - 1.00 - 1.00 -
Income
Occupational NHI
Low 1.09 (0.96-1.23) 0.98 (0.93-1.04) 1.06 (0.97-1.15) 1.07 (0.97-1.17)
Low-middle 0.96 (0.85-1.10) 1.00 (0.94-1.06) 1.05 (0.96-1.14) 1.09 (0.99-1.20)
Middle-high 0.99 (0.87-1.13) 0.88 (0.82-0.94) 0.98 (0.90-1.07) 0.93 (0.84-1.03)
High 0.81 (0.71-0.93) 0.75 (0.71-0.81) 0.97 (0.89-1.06) 0.85 (0.76-0.94)
Regional NHI
Low 1.37 (1.20-1.57) 1.38 (1.30-1.47) 1.32 (1.21-1.45) 1.55 (1.40-1.71)
Low-middle 1.29 (1.12-1.49) 1.19 (1.11-1.27) 1.06 (0.96-1.17) 1.31 (1.17-1.45)
Middle-high 1.01 (0.88-1.16) 1.04 (0.98-1.11) 1.03 (0.94-1.13) 1.20 (1.09-1.33)
High 1.00 = 1.00 = 1.00 = 1.00 =
CcCl
0 1.00 - 1.00 - 1.00 - 1.00 -
1 1.12 (1.05-1.20) 1.10 (1.07-1.14) 1.04 (0.99-1.08) 1.25 (1.18-1.31)
29 1.95 (1.16-1.35) 1.33 (1.28-1.37) 1.40 (1.34-1.47) 1.78 (1.69-1.88)
Diabetes
No 1.00 o 1.00 = 1.00 o 1.00 o
Yes 1.64 (1.52-1.78) 1.20 (1.14-1.25) 4.01 (3.84-4.18) 1.36 (1.28-1.45)
Residential area
Seoul 1.00 - 1.00 - 1.00 - 1.00 -
Busan 1.42 (1.25-1.60) 1.00 (0.94-1.07) 0.99 (0.91-1.07) 1.55 (1.41-1.71)
Daegu 0.95 (0.80-1.12) 0.90 (0.83-0.98) 0.69 (0.61-0.78) 0.73 (0.62-0.85)
Incheon 0.94 (0.82-1.08) 0.95 (0.88-1.01) 0.91 (0.84-0.99) 1.54 (1.40-1.70)
Gwangju 1.93 (1.66-2.25) 1.43 (1.32-1.56) 0.87 (0.76-0.99) 1.58 (1.39-1.80)
Daejeon 1.03 (0.85-1.26) 1.08 (0.99-1.19) 1.19 (1.07-1.33) 1.34 (1.17-1.54)
Ulsan 1.04 (0.86-1.27) 1.08 (0.98-1.19) 0.75 (0.65-0.86) 1.29 (1.12-1.49)
Gyeonggi 1.00 (0.91-1.09) 1.04 (0.99-1.08) 0.91 (0.86-0.96) 1.09 (1.02-1.18)
Gangwon 0.61 (0.49-0.77) 1.23 (1.13-1.33) 1.13 (1.01-1.26) 2.12 (1.90-2.36)
Chungcheong 1.34 (1.19-1.50) 1.29 (1.22-1.36) 0.86 (0.79-0.93) 1.67 (1.53-1.89)
Jeolla 1.20 (1.06-1.36) 1.33 (1.26-1.41) 0.74 (0.68-0.81) 1.11 (1.01-1.24)
Gyeongsang 1.16 (1.05-1.29) 1.28 (1.22-1.34) 0.92 (0.86-0.99) 1.51 (1.39-1.63)
Jeju 1.41 (1.12-1.78) 0.95 (0.83-1.08) 1.59 (1.39-1.81) 1.49 (1.25-1.77)
Year
2012 1.00 = 1.00 = 1.00 = 1.00 =
2013 1.01 (0.94-1.08) 1.00 (0.96-1.03) 1.03 (0.98-1.08) 1.10 (1.05-1.17)
2014 1.05 (0.97-1.13) 1.06 (1.02-1.10) 1.04 (0.99-1.10) 1.33 (1.26-1.41)

HR = hazard ratio, Cl = confidence interval, NHI = National Health Insurance, CCI = Charlson Comorbidity Index.

Previous studies have demonstrated that patients enrolled in chronic disease management
programs show higher COC compared to that in non-participants.1415 COC is one of

the important concepts for treating chronic diseases because these diseases cannot be
perfectly cured, and patients must be continuously monitored and taught how to perform
self-management.16 To control blood pressure and prevent the onset of complications

in patients with hypertension, lifestyle modifications such as sodium intake restriction,
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Table 3. Results of sensitivity analysis with different study populations®°

Variables Chronic disease management program
Non-participants Participants
HR 95% ClI
Model 1¢
Myocardial infarction 1.00 0.85 (0.71-1.01)
Stroke 1.00 0.74 (0.68-0.80)
Chronic kidney disease 1.00 0.97 (0.87-1.09)
Heart failure 1.00 0.61 (0.52-0.71)
Model 2
Myocardial infarction 1.00 0.84 (0.76-0.93)
Stroke 1.00 0.85 (0.81-0.89)
Chronic kidney disease 1.00 1.15 (1.07-1.22)
Heart failure 1.00 0.80 (0.74-0.88)

2Study population for each model; Model 1: Hypertension patients who conducted health examination; Model 2:
Hypertension patients who used local clinic for hypertension treatment at least 70%.

Age group, sex, income, Charlson Comorbidity Index, diabetes, residential area, and hypertension onset year
were adjusted in each model.

°Blood pressure, total cholesterol, triglycerides, low-density lipoprotein, high-density lipoprotein, body mass
index, smoking, physical activity were additionally adjusted in model 1.

Kaplan-Meier graph of complications in patients with hypertension
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Fig. 2. Kaplan-Meier graph.
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smoking cessation, moderation of body weight and alcohol consumption, and increase in
dietary potassium intake and physical activity must be implemented.l” To enhance these
activities, physicians’ continuous directions according to patients’ condition and adherence
to those directions are needed. High COC is associated with better communication between
physicians and patients with chronic disease, improving adherence to follow-up schedules
or medications.18 In addition, improving the quality of care provided has also been reported
by accumulating rapport between physicians and patients and knowledge of patients’
underlying diseases.%19 Thus, better quality of care due to COC seems to be associated with a
lower risk of complication onset.

Aside from the chronic disease management program, men were more likely to have all types
of complications, and regional National Health Insurance beneficiaries with low income
were more likely to have all types of complications compared to that in beneficiaries with
high income. In addition, patients with hypertension and diabetes showed higher HRs for
complications compared to those in patients without diabetes, and the HR for CKD was the
highest among the HRs for all complications.

Regarding the sensitivity analyses, the HRs for complication onset decreased but the trends
were maintained except in that for CKD. It seems that restricting the study population

to those who mainly visited clinics for hypertension treatment may have attributed to

these results by approximating the severity of hypertension among participants and non-
participants. The study population with health examination records was also separately
analyzed including adjustments for lifestyle patterns between participants and non-
participants, showing similar results to those of the main analysis. However, CKD onset was
higher in participants compared to that in non-participants in sensitivity analysis model 2.
The chronic disease management program targeted two diseases: hypertension and diabetes.
Therefore, there was a higher proportion of patients who had both hypertension and diabetes
among program participants than that among non-participants, and we assume this is the
magnitude of the effect on CKD. Based on the results in Tables, patients with hypertension
and diabetes were more likely to participate in the program and have CKD (Table 2,
Supplementary Table 1). Thus, the risk of CKD onset, which is directly affected by diabetes,
seems to be higher.

The chronic disease management program was launched as a part of reorganizing medical
institution function.20 The healthcare delivery system in Korea has become merely nominal,
and the concentration of patients in large hospitals or distortion of functional differentiation
among healthcare providers has worsened.2! Thus, the purpose of this program is to
reorganize the healthcare delivery system by urging patients with non-severe chronic disease
to visit primary care clinics instead of hospitals or tertiary hospitals. In addition, because

the primary care system in Korea generally does not promote continuity or coordination,
enhanced COC has also been expected in accordance with the objective of this program,
which encourages patients use the same primary clinic for chronic disease treatment.22

However, the participation rate of this program was only 12.6% among patients with
hypertension. The absence of direct incentives for clinics to participate in this program leads
to the lack of clinics’ motives to encourage their patients to participate in this program. In
addition, the lack of promotion of the program may be a reason for the low participation
rate. Despite this low participation rate, previous studies have indicated high COC and low
medical expenditures in participants,!415 which was the main purpose of this program, and
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the results of this study imply that participation in the program may be related to better
outcomes among patients with hypertension.

The program only promotes patients to use the same primary care clinic for chronic disease
treatment but does not change the current healthcare delivery system on a large scale and
does not incur high expenses. Considering this efficiency, enhancing the participation

rate may be related to better patient outcomes and a reduction in medical expenses. Thus,
it is possible to think of ways to increase the participation rate by promoting the program
and providing direct incentives to medical institutions per participant to urge patients to
participate in the program. Also, chronic disease management program is only limited to
hypertension and diabetes. Regarding the effect of the program, gradually expanding the
target diseases is also needed.

This study has some limitations. First, the characteristics of participants and non-participants
differed. Participating in the program was not mandatory; thus, participants may have been
those who were easier to approach in terms of health policy or were more interested in health.
To alleviate this limitation, we utilized health examination data for controlling smoking status,
physical activity levels, blood pressure control, or fasting blood sugar levels, but it may have been
insufficient to control these factors perfectly using claims data. Second, disease severity between
participants and non-participants may have been different. The chronic disease management
program only applied to clinics; thus, participants might have had a less severe status than

that in non-participants. To overcome this, we first restricted the index case to patients with
hypertension. We then adjusted for underlying diseases using the CCI. We conducted sensitivity
analysis by restricting the study population to those who mainly visited local clinics for treating
hypertension (at least 70% of all medical institution visits for hypertension treatment). Even
though supplementing the limitation perfectly was difficult because of the characteristics of

the claims data, our results revealed a positive effect in participants. In addition, our study has
strength in terms of using whole-nation data. Considering that there are few studies in which
chronic disease management programs and outcomes have been studied, our study may provide
evidence for the positive effects of chronic disease management programs.

In conclusion, the results of this study revealed that participants of the chronic management
program are less likely to have hypertension complications, including MI, stroke, CKD,
and HF, and these results may offer evidence on the effect of the program. The results of

this study imply that implementing policies aiming to improve care continuity can enhance
outcomes in patients with hypertension.

ACKNOWLEDGMENTS

We would like to thank Editage (www.editage.co.kr) for English language editing.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
Results of survival analysis by different models (myocardial infarction)

Click here to view

https://doi.org/10.3346/jkms.2022.37.243 10/12


http://www.editage.co.kr
https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2022.37.e243&fn=jkms-37-e243-s001.doc

Chronic Disease Management and Complication of Hypertension

JKMS

https://jkms.org

Supplementary Table 2
Results of survival analysis by different models (stroke)

Click here to view

Supplementary Table 3
Results of survival analysis by different models (Chronic kidney disease)

Click here to view

Supplementary Table 4
Results of survival analysis by different models (heart failure)

Click here to view

REFERENCES

1. Kim HC, Cho MC; Korean Society Hypertension (KSH); Hypertension Epidemiology Research Working
Group. Korea hypertension fact sheet 2018. Clin Hypertens 2018;24(1):13.
PUBMED | CROSSREF
2. World Health Organization. Hypertension. https://www.who.int/health-topics/hypertension/#tab=tab_1.
Accessed November 10, 2020.
3. Victor RG, Kaplan NM. Kaplan’s Clinical Hypertension. 10th ed. Philadelphia, PA, USA: Lippincott Williams &
Wilkins; 2010.
4. Lopez AD, Mathers CD, Ezzati M, Jamison DT, Murray CJ. Global and regional burden of disease and risk
factors, 2001: systematic analysis of population health data. Lancet 2006;367(9524):1747-57.
PUBMED | CROSSREF
S. van Walraven C, Oake N, Jennings A, Forster AJ. The association between continuity of care and
outcomes: a systematic and critical review. | Eval Clin Pract 2010;16(5):947-56.
PUBMED | CROSSREF
6. GillJM, Mainous AG 3rd, Diamond JJ, Lenhard MJ. Impact of provider continuity on quality of care for
persons with diabetes mellitus. Ann Fam Med 2003;1(3):162-70.
PUBMED | CROSSREF
7. O’Connor PJ, Desai J, Rush WA, Cherney LM, Solberg LI, Bishop DB. Is having a regular provider of
diabetes care related to intensity of care and glycemic control? J Fam Pract 1998;47(4):290-7.
PUBMED
8. Park YH. Strategy for noncommunicable disease control and prevention. ] Korean Med Assoc
2014;57(10):808-14.
CROSSREF
9. Cheol Seong S, Kim YY, Khang YH, Heon Park J, Kang HJ, Lee H, et al. Data resource profile: the national
health information database of the National Health Insurance Service in South Korea. Int | Epidemiol
2017;46(3):799-800.
PUBMED | CROSSREF
10. Dubow J, Fink ME. Impact of hypertension on stroke. Curr Atheroscler Rep 2011;13(4):298-305.
PUBMED | CROSSREF
11. Ghaderian SB, Beladi-Mousavi SS. The role of diabetes mellitus and hypertension in chronic kidney
disease. ] Renal Inj Prev 2014;3(4):109-10.
PUBMED | CROSSREF
12. Messerli FH, Rimoldi SF, Bangalore S. The transition from hypertension to heart failure: contemporary
update. JACC Heart Fail 2017;5(8):543-51.
PUBMED | CROSSREF
13. Rakugi H, Yu H, Kamitani A, Nakamura Y, Ohishi M, Kamide K, et al. Links between hypertension and
myocardial infarction. Am Heart 1996;132(1 Pt 2 Su):213-21.
PUBMED | CROSSREF

https://doi.org/10.3346/jkms.2022.37.243 11/12


https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2022.37.e243&fn=jkms-37-e243-s002.doc
https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2022.37.e243&fn=jkms-37-e243-s003.doc
https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2022.37.e243&fn=jkms-37-e243-s004.doc
http://www.ncbi.nlm.nih.gov/pubmed/30288297
https://doi.org/10.1186/s40885-018-0098-0
http://www.ncbi.nlm.nih.gov/pubmed/16731270
https://doi.org/10.1016/S0140-6736(06)68770-9
http://www.ncbi.nlm.nih.gov/pubmed/20553366
https://doi.org/10.1111/j.1365-2753.2009.01235.x
http://www.ncbi.nlm.nih.gov/pubmed/15043378
https://doi.org/10.1370/afm.22
http://www.ncbi.nlm.nih.gov/pubmed/9789515
https://doi.org/10.5124/jkma.2014.57.10.808
http://www.ncbi.nlm.nih.gov/pubmed/27794523
https://doi.org/10.1093/ije/dyw253
http://www.ncbi.nlm.nih.gov/pubmed/21626308
https://doi.org/10.1007/s11883-011-0187-y
http://www.ncbi.nlm.nih.gov/pubmed/25610891
https://doi.org/10.12861/jrip.2014.31
http://www.ncbi.nlm.nih.gov/pubmed/28711447
https://doi.org/10.1016/j.jchf.2017.04.012
http://www.ncbi.nlm.nih.gov/pubmed/8677859
https://doi.org/10.1016/S0002-8703(96)90556-6

Chronic Disease Management and Complication of Hypertension

JKMS

14.

15.

16.

17.

18.

19.

20.

21.

22.

Kim W, Choy YS, Lee SA, Park EC. Implementation of the chronic disease care system and its association
with health care costs and continuity of care in Korean adults with type 2 diabetes mellitus. BMC Health
Serv Res 2018;18(1):991.

PUBMED | CROSSREF

Back], Lee S, Kuark TS, Ghang HY, Yun YD. Analysis of the Effectiveness of Medical Use of Health Support Services
Through Chronic Disease Management System. Seoul, Korea: Health Insurance Policy Research Institute,
National Health Insurance Service; 2015.

Rijken M, Bekkema N, Boeckxstaens P, Schellevis FG, De Maeseneer JM, Groenewegen PP. Chronic disease
management programmes: an adequate response to patients’ needs? Health Expect 2014;17(5):608-21.
PUBMED | CROSSREF

Liu LS; Writing Group of 2010 Chinese Guidelines for the Management of Hypertension. 2010 Chinese
guidelines for the management of hypertension. Zhonghua Xin Xue Guan Bing Za Zhi 2011;39(7):579-615.
PUBMED

Kim JA, Lee EK. Effect of the clinic-based chronic disease management program on the appropriateness
of medication adherence and persistence in hypertension patients in Korea. Pharm Soc Korea
2017;61(3):135-46.

CROSSREF

Chen CC, Chen SH. Better continuity of care reduces costs for diabetic patients. Am ] Manag Care
2011;17(6):420-7.

PUBMED

Oh IH. Health management service system and clinic-level chronic disease management system. Med
Policy Forum 2012;10(4):21-7.

Kim KH, Lee JC, Kim HN. A study on institutional improvement measures for re-establishing the
function of medical institutions. Nat Policy Res 2011;25(4):161-78.

Choi Y], Kim HC, Kim HM, Park SW, Kim J, Kim DJ. Prevalence and management of diabetes in
Korean adults: Korea National Health and Nutrition Examination Surveys 1998-2005. Diabetes Care
2009;32(11):2016-20.

PUBMED | CROSSREF

https://jkms.org https://doi.org/10.3346/jkms.2022.37.243 12/12


http://www.ncbi.nlm.nih.gov/pubmed/30577787
https://doi.org/10.1186/s12913-018-3806-2
http://www.ncbi.nlm.nih.gov/pubmed/22712877
https://doi.org/10.1111/j.1369-7625.2012.00786.x
http://www.ncbi.nlm.nih.gov/pubmed/22088239
https://doi.org/10.17480/psk.2017.61.3.135
http://www.ncbi.nlm.nih.gov/pubmed/21756012
http://www.ncbi.nlm.nih.gov/pubmed/19675201
https://doi.org/10.2337/dc08-2228

	The Effect of Chronic Disease Management Program on the Risk of Complications in Patients With Hypertension in Korea
	INTRODUCTION
	METHODS
	Independent variable
	Dependent variable
	Covariates
	Statistical analysis
	Ethics statement

	RESULTS
	DISCUSSION
	SUPPLEMENTARY MATERIALS
	Supplementary Table 1
	Supplementary Table 2
	Supplementary Table 3
	Supplementary Table 4

	REFERENCES


