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ABSTRACT 

 

Impact of practicing health behaviors on unmet needs, healthcare 

costs and healthcare utilization among patients with chronic diseases 

 

Background: With the prevalence of chronic diseases rising, healthcare cost and 

utilization related to chronic diseases are increasing as well. In addition, the economic 

burden of high medical costs results in persistent presence of unmet needs. This study 

aimed to determine how the proposed practicing health behavior for effective chronic 

disease management affects unmet needs, healthcare costs, and utilization. 

 

Methods: This study used the Korea Health Panel Survey conducted in 2014 to 2017. 

4,069 participants aged 19 or older with at least one out of four chronic diseases 

(hypertension, diabetes mellitus, dyslipidemia, and arthrosis) with existing follow up 

data were selected. “Health behavior” was defined as absence of current smoking and 

high-risk drinking and moderate or greater exercise. Those who met these criteria were 

classified into the practicing health behavior group. Generalized estimating equation 

analysis was performed for correlated data of individual subjects. 
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Results: 972 individuals (23.9%) among total participants were categorized in the group 

of practicing health behavior. Compared with those who practicing health behavior, 

participants who did not practice health behavior were more likely to be associated with 

unmet needs and this result was statistically significant (OR: 1.24, 95% CI: 1.10-1.39). The 

non-practicing health behavior group had significantly higher estimates of healthcare cost 

and utilization than the practicing health behavior group in terms of the following: total 

cost (estimate: ₩419,940, p-value <.0001), outpatient cost (estimate: ₩71,168, p-value = 

0.0340), hospitalization cost (estimate: ₩344,458, p-value <.0001), emergency 

department (ED) services cost (estimate: ₩4,314, p-value = 0.0006), the number of 

hospitalization (estimate: 0.075, p-value <.0001), length of stay (estimate: 1.437, p-value 

<.0001), and number of ED visits (estimate: 0.036, p-value <.0001). 

 

Conclusions: This study determined that patients with chronic diseases who did not 

practice health behavior tended to experience unmet needs, spend more money on 

healthcare, and visited clinics or hospitals more frequently than those who practiced 

health behavior. Further research for identifying the influence of intervention targeted 

towards the management of chronic diseases and promotion of a healthy lifestyle is 

needed among South Koreans. 

 

Key words: Health behavior, Chronic disease, Multimorbidity, Healthcare costs, 

Healthcare utilization 
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I. Introduction 

  

1. Background 

 

The prevalence of chronic diseases, also known as non-communicable diseases, 

is increasing due to genetic, physiological, environmental, and behavioral factors.1 In 

South Korea, increase in the prevalence of chronic diseases is also attributed to the 

aging population and lifestyle changes.2 As age increases, the probability of developing 

multiple chronic diseases also increases.3 According to Statistics Korea, approximately 

80% of deaths in 2019 were caused by chronic diseases, and eight of the 10 most 

common causes of death were chronic diseases, thus representing a huge national 

burden.4 

 In addition, according to 2018 health insurance statistics, chronic diseases 

account for 83.7% of the total healthcare expenses.2 Moreover, household direct burden 

of chronic diseases in Korea is the fifth largest among the member nations of the 

Organization for Economic Cooperation and Development, indicating that individual 

medical burden related to chronic diseases is considerably large.5 On the one hand, 

“unmet needs” is defined that people who need to visit a clinic or hospital, but be unable 

to visit due to any factors.6 According to a prior study, low-income households had 
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more experience in unmet needs due to financial problem than high-income 

households.7 Therefore, it can be possible that those who have chronic diseases would 

not be able to visit a clinic or a hospital due to financial or other reasons even though 

they have medical necessity.  

 In addition, chronic diseases cause high medical needs and desires, leading to 

increased medical use and medical costs. According to a previous study, the average 

outpatient visits per person and total annual healthcare cost per person have increased 

in proportion to the increase in chronic diseases.8 This has increased the overall medical 

expenses related to chronic diseases, resulting in a financial burden on health 

insurance.9 Therefore, appropriate management of chronic diseases across the country 

is necessary to stabilize health insurance finances and to reduce the burden of these 

diseases. 

 The Health Plan 2030 of South Korea is established every 10 years to extend 

the healthy life of the people and promote health equity at the national level. This is a 

national policy to present and evaluate six indicators to achieve a society where 

everyone enjoys health for a lifetime. As one of these indicators, practicing health 

behavior is proposed to extend health life and improve health equity.10 

Health behavior is the action of individuals take to improve their health; it 

includes no smoking, non-consumption of alcohol or drugs, a healthy diet, and 

adequate physical activity.11 Practicing health behavior helps to improve or prevent 
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chronic diseases. On the other hand, the World Health Organization (WHO) has 

suggested behaviors such as smoking, drinking, overeating sodium, and insufficient 

physical activity are risk factors of chronic diseases and people can prevent and manage 

avoidable diseases through improving.1 Therefore, the government conducted a 

national campaign to improve individuals’ lifestyles and implement a primary care-

oriented chronic disease management project to continuously manage patients with 

chronic diseases. A study found that a two-year self-care program for chronic patients 

improved the self-efficacy of the group participating in the program and resulted in less 

healthcare utilization than that of controls.12 

 However, management for chronic diseases has not been performed better 

than if health behavior is not practiced.13 Patients with chronic diseases are known to 

have a negative effect on the quality and outcome of medical care because the more 

comorbid diseases, the less self-management and compliance with treatment guidelines, 

such as medication adherence.14 Therefore, appropriate practice of health behavior in 

patients with chronic diseases suggests that future medical use and disease prognosis 

may be affected. 

 Previous studies have identified the relationship between healthcare 

utilization and unmet needs in patients with chronic diseases and the practice of specific 

health behavior and associations with healthcare utilization and unmet needs. However, 

with increasing healthcare cost and utilization related to chronic diseases, it is important 
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to determine the degree of healthcare utilization and trends of unmet needs based on 

health behavior to reduce the overall economic burden of disease.  

We hypothesized that there will be differences in unmet needs, healthcare cost 

and utilization depending on the practice of health behavior in patients with chronic 

diseases. Therefore, our study aimed to examine the effects of practicing health 

behavior on unmet needs, healthcare cost and utilization associated with chronic 

diseases. In addition, we investigate the impact of the type of health behavior on unmet 

needs, healthcare cost and utilization, also identify the relationship after categorizing 

the type of chronic diseases.  
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2. Study Objectives 

 

This study investigated the effects of practicing health behavior on unmet needs, 

healthcare costs, and healthcare utilization in patients with chronic diseases. Detailed 

study objectives were as follows: 

 

(1) To investigate the differences in unmet medical needs between patients with 

chronic diseases who practiced health behavior and those who did not. 

(2) To investigate the differences in incurred healthcare costs and healthcare 

utilization between patients with chronic diseases who practiced health 

behavior and those who did not. 

(3) To investigate the effects of practicing health behavior on the causes of 

unmet needs in patients with chronic diseases. 

(4) To investigate the effects of the type of practicing health behavior on unmet 

needs, healthcare costs, and healthcare utilization in patients with chronic 

diseases. 

(5) To investigate the effects of practicing health behavior on unmet needs, 

healthcare costs, and healthcare utilization among participants categorized 

by chronic disease type. 
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II. Literature Review 

 

1. Definition of Chronic Disease and Multimorbidity 

 

A chronic disease is defined slightly differently from study to study in terms of 

diagnosis, duration, prognosis, and other factors.15 According to one study, a condition 

is considered a chronic disease if an individual's activity limitation lasts for more than 

three months, even if functional limitation or ongoing medical care is not required.16 

Another study defined chronic diseases as those that resulted in permanent disability 

and the need for ongoing medical care.17 However, in general, chronic diseases are 

defined as conditions that persist for a year or more and necessitate ongoing medical 

attention, limit daily activities, or both.18,19 Several definitions of chronic disease are 

provided in Table 1.  

The classification of chronic diseases also varies. The Chronic Condition 

Indicator, developed by the Agency for Health Research and Quality (AHRQ), includes 

both chronic conditions and acute conditions, and is based on the International 

Classification of Diseases, tenth revision, clinical modification.20 Moreover, the Office 

of the Assistant Secretary for Health (OASH) and the US Department of Health and 

Human Services (HHS) propose a classification scheme for chronic conditions19 based 
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on 20 chronic diseases. Several other studies have labelled the most commonly 

prevalent diseases as chronic diseases.21-23 Table 2 shows the various classifications of 

chronic diseases. 

Recently, the concept of multiple chronic diseases—or multimorbidity—has 

surpassed that of individual chronic diseases.24 Multimorbidity is generally defined as 

the co-occurrence of two or more chronic conditions that necessitate complex and 

ongoing care.25 Recently, communicable diseases, such as the acquired immune 

deficiency syndrome have been considered for inclusion in the chronic disease 

classification because they require lifelong treatment and management. Accordingly, 

multimorbidity can also be defined as any combination of chronic disease with at least 

one other disease (acute or chronic), biopsychosocial factors, or somatic risk factors 

such as chronic pain.26 As the prevalence of multimorbidity increases with age,27,28 

there is an acute need for a consensus on its definition in an aging society.  
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Table 1. Definitions for chronic diseases by source and year 

  Source Year Definition  

1 Hwang et al29 2001 

Person’s condition had lasted or was expected to last 12 or 

more months and resulted in functional limitations and/or the 

need for ongoing medical care. 

2 Bernstein AB et al17 2003 

A disease or condition that has one or more of the following 

characteristics:  

is permanent; leaves residual disability; is caused by 

nonreversible pathological alteration; requires special 

training of the patient for rehabilitation; or may be expected 

to require a long period of supervision, observation, or care. 

3 O’Halloran et al15 2004 

Defined by the following characteristics: have a duration that 

has lasted, or is expected to last, at least six months; have a 

pattern of recurrence, or deterioration; have a poor 

prognosis; and produce consequences or sequelae that 

impact the individual's quality of life. 

4 E Nolte et al30 2008 

Require a complex response, over a prolonged time period, 

coordinating inputs from a variety of health professionals, 

essential medicines, and monitoring equipment. 

5 

Centers for Disease 

Control and Prevention 

(CDC)18 

2021 
Conditions that last one year or more and require ongoing 

medical attention or limit activities of daily life or both.  

6 

Agency for Healthcare 

Research and Quality 

(AHRQ)20 

2021 

A condition that lasts 12 months or longer and meets one, or 

both of the following conditions: it places limitations on self-

care, independent living, and social interactions; it results in 

the need for ongoing intervention with medical products, 

services, and special equipment.  
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Table 2. Classifications of chronic diseases by source 

  Source 
Number 

of diseases 
Diseases 

1 

Office of the 

Assistant Secretary 

for Health 

(OASH)19 

20 

Hypertension, congestive heart failure, coronary artery 

disease, cardiac arrhythmias, hyperlipidemia, stroke, 

arthritis, asthma, autism spectrum disorder, cancer, 

chronic kidney disease, chronic obstructive pulmonary 

disease, dementia, depression, diabetes, hepatitis, 

human immunodeficiency virus, osteoporosis, 

schizophrenia, and substance abuse disorders 

2 

Australian Institute 

of Health and 

Welfare 

(AIHW)31 

10 

Arthritis, asthma, back pain, cancer, cardiovascular 

disease, chronic obstructive pulmonary disease, 

diabetes, chronic kidney disease, mental health 

conditions, and osteoporosis 

3 

Public Health 

Agency of Canada 

(PHAC)32* 

11 

Canadian Chronic Disease Indicators (CCDI) 

: Diabetes, ischemic heart disease, heart failure, stroke, 

asthma, chronic obstructive pulmonary disease, cancer, 

mood or anxiety disorder, Alzheimer’s disease, 

osteoarthritis, and osteoporosis 

4 

Korea Disease 

Control and 

Prevention Agency 

(KDCA)33* 

13 

Statistics of chronic diseases in Korea 

: Hypertension, obesity, stroke, diabetes, dyslipidemia, 

hepatitis B, anemia, chronic kidney disease, allergic 

rhinitis, asthma, depression, arthritis, and atopic 

dermatitis 

*These chronic diseases in these sources were indicators included in national statistics. 
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2. Chronic Disease and Unmet Needs 

 

Chronic diseases, which cause physical disabilities, are among the main causes 

of high healthcare demand. Several countries have enhanced the roles of general 

practitioners in promoting community health networks.34,35 However, as the South 

Korean community-centered primary-care system is insufficient, healthcare delivery 

systems are primarily provided by clinics and hospitals.36 Therefore, it is reasonable to 

envisage that the experience of visiting clinics and hospitals will have a significant 

impact on meeting medical needs caused by chronic diseases. 

Patients with chronic diseases experience an increase in individual healthcare 

needs as the severity of the disease increases,3 but the medical services required to 

support them may be unavailable because of multiple reasons. This is referred to as 

“unmet needs,” and it occurs when people need medical services but are unable to 

receive appropriate medical care because of certain factors. Unmet needs is an 

inherently complicated notion as it considers both medical needs and individual37 

medical satisfaction. 

According to a previous study, the rate of unmet needs in South Korea is 

decreasing every year, but as the age increases, the rate of unmet needs increases.7 This 

suggests that the rate of unmet needs cannot be mitigated because of the elderly 
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population’s38 constant growth and the prevalence of multimorbidity, which increases 

proportionally with age.28 According to a study that identified the degree of unmet 

needs for the elderly, the rate of unmet needs for them was higher than that for the 

entire population, indicating the existence of barriers in the Korean healthcare system.39 

Several studies have reported a positive association between chronic diseases 

and unmet needs. For example, a Canadian study reported that participants with at least 

one severe chronic condition with the highest prevalence or impact on healthcare 

utilization were 1.5 times more likely to report unmet needs than those without chronic 

conditions.40 Another study, conducted in Portugal, used the O’Halloran et al. criteria 

for chronic illness, which are considered the 147 International Classification of Primary 

Care, 2nd edition (ICPC-2) diagnoses. This study demonstrated that younger patients 

reported more unmet needs than older patients.41 

Combination with other individual conditions may also affect unmet needs. In 

a study conducted in China, researchers discovered a significant association with unmet 

needs when combining multimorbidity and functional impairment in elderly 

participants,42 compared to only multimorbidity. Similarly, another study conducted 

using video analysis identified a significant disparity in the quality of medical services 

received by patients with chronic diseases between affluent and deprived areas. This 

implies that unmet needs vary depending on the patient’s location. 
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3. Chronic Disease and Healthcare Utilization 

 

Patients with chronic diseases have an increased need for healthcare utilization 

compared to those who are relatively healthy. Additionally, the more people who suffer 

from chronic diseases, the higher the cost and utilization of healthcare. The rate of 

multimorbidity27,28 increases in tandem with the prevalence of chronic diseases. The 

cost of chronic disease healthcare is expected to increase in the future due to an increase 

in the elderly population, the extension of life expectancy, and the advancement of 

medical technology.43 

Several countries have conducted studies on the relationship between chronic 

diseases and healthcare costs and utilization, especially among the elderly with a high 

prevalence of chronic diseases. One study found a curvilinear relationship between 

each additional chronic disease and healthcare cost, as well as a near exponential 

relationship in which costs approximately doubled for each additional chronic 

disease.44,45 Similarly, as the number of chronic diseases rose44 increases, so did annual 

out-of-pocket expenses. Similarly, another study found that as the number of chronic 

diseases in Medicare beneficiaries46 increases, so does the risk of avoidable 

hospitalization or preventable complications in inpatient admissions. However, these 
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findings apply not only to the elderly, but also to younger patients suffering from 

multiple chronic diseases. 

A longitudinal observational study in Italy found that multiple diseases have 

become increasingly prevalent in individuals under 65 years of age, leading to 

increased healthcare utilization and medical costs.47 A study conducted in the 

Netherlands considered 29 chronic diseases to determine the relationship between the 

number of chronic diseases, healthcare utilization, prescribed medication, and hospital 

admissions among adult participants. Consequently, healthcare utilization is higher 

among multimorbid patients than among patients with a single chronic disease, but a 

large proportion of multimorbid patients have only slightly higher healthcare 

utilization.48 

Other studies have presented similar results, and studies estimating healthcare 

costs and utilization for chronic diseases have revealed differences based on the 

diseases included. According to the Dutch study discussed above, patients with 

multimorbidity have a higher number of chronic diseases as well as specific types of 

diseases, such as heart failure, chronic obstructive pulmonary disease, and diabetes 

mellitus.48 Another study conducted a multi-level analysis by clustering general 

practices for patients aged 55 years and older who had two or more chronic diseases. 

Overall, the number of primary-care center visits increased as the number of chronic 
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diseases increased, but there were some combinations of diseases that reduced medical 

use when the relationship with healthcare utilization was confirmed by grouping 

specific diseases among the chronic diseases included in the study.3 Meanwhile, a 

South Korean study identified a combination of chronic diseases by sorting the diseases 

in order of high prevalence and calculating the differences in healthcare costs for each 

combination, which depended on the diseases included.22 

Thus, because the causal or correlating relationship between diseases vary, the 

interpretation of healthcare costs and utilization related to multimorbidity should be 

performed cautiously. Depending on which combination of diseases are analyzed, the 

results can be overestimated (if some conditions are not causal relationships, but 

correlated with the disease of interest) or underestimated (if some conditions are 

comorbid and caused by disease of interest).49 However, given the growing concern in 

the health policy field regarding multiple chronic diseases, identifying the relationship 

between chronic diseases and healthcare costs and utilization has significant political 

implications.43 
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4. Definition of Health Behavior and Its Impacts on Society 

 

Health behaviors are actions taken by individuals that affect people’s health.11 

Health-risk factors such as smoking, poor nutrition, excessive intake of alcohol or drugs, 

and physical inactivity can progress to become chronic illness.50 Health behaviors are 

often referred to as individual-level behaviors, but they can be measured and 

summarized for individuals, groups, or populations. Healthy lifestyle approaches cause 

behaviors to occur collectively and affect each other, and they evolve from deep-rooted 

identities resulting from social group11,51 memberships. Therefore, healthy lifestyles 

are established at the individual level, but they may be implicated at the middle and 

macro levels.  

Understanding the interactions between different health behaviors is critical 

for successfully altering those behaviors.11,52 This emphasis on extra-individual factors 

has led to the development of the expanded notion in the recently released 2030 Healthy 

People Framework. This framework encourages cooperative efforts by individuals, 

institutions, and organizations to raise—and sustain—the bar for public health.53 

As previously stated, unhealthy behavior can have a negative effect on both 

social groups and individuals. Individually, one person’s unhealthy behavior has 

negative consequences for his/her poor quality of life, poor economic activity, and 
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increased medical spending. From a social standpoint, unhealthy behavior leads to the 

use of medical facilities, which are partially subsidized by the government. 

Consequently, external or social costs are imposed on people who do not use medical 

care by practicing healthy behavior.54 

Therefore, to improve individuals’ quality of life and prevent social costs, the 

government and society establish health promotion programs, including lifestyle 

corrections and counseling people who act in an unhealthy manner. 
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5. Management for Chronic Diseases and Its Achievements 

 

The Chronic Disease Self-Management Program (CDSMP) was developed 

and implemented at Stanford University to address health conditions associated with 

chronic diseases.55 Today, CDSMPs are increasingly being used in healthcare systems 

worldwide to reinforce quality and continuity of care for chronic illnesses, while also 

making efficient use of healthcare resources and improving patients’ clinical 

outcomes.56 As this program is based on Bandura’s Self-Efficacy Theory, it focuses on 

helping participants in setting goals and improving problem-solving skills, while also 

promoting their confidence in self-management of chronic diseases.33 Therefore, it is 

composed of elements such as education, exercising, and counseling for patients, 

through provision of two aspects: self-management and self-management support.57 

Self-management refers to what a person does to manage his/her disease, whereas self-

management support refers to what healthcare experts, healthcare training, and the 

healthcare system offer to assist patients self-manage their conditions.55,57 

 Although CDSMPs are variously conducted worldwide, their degree of 

effectiveness and targeting of diseases is generally high. A few studies in the 

randomized clinical trial (RCT) setting have proved the efficacy of CDSMPs. Lorig et 

al., who developed the first CDSMP trial, reported that the six-month program 
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intervention was successful in improving health behaviors, maintaining or improving 

health status, and lowering hospitalization rates among patients aged 40 years or older 

with heart disease, lung disease, stroke, or arthritis.55 The author further explored this 

by analyzing data over a two-year period and across different ethnicities, which 

revealed improvements in health status and reductions in healthcare utilization.12,58 

In an Australian study, the CDSMP significantly reduced the rate and average 

duration of hospitalization for patients with diabetes or heart disease.59 Additionally, a 

German study that evaluated the effect of telephonic intervention for chronic diseases 

(coronary artery disease, heart failure, diabetes, or chronic obstructive pulmonary 

disease) found that participants in the intervention group had a lower admission rate 

than those in the comparison group, and the number of admissions decreased as the 

number of calls increased.60 

However, several systematic reviews have emphasized the need for further 

evaluation of the impact of the CDSMP on clinical outcomes and healthcare utilization. 

A review of 20 studies regarding the CDSMP found that the program led to a slight 

improvement in participants’ health status, health behavior, and self-efficacy when 

compared to usual care. However, there insufficient evidence to suggest that the 

CDSMP reduces healthcare utilization.57 Despite the fact that the majority of the 

programs were composed of similar elements, they exhibited differential effects on 
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healthcare expenditure. Thus, determining which components must be included in the 

chronic disease56 management program is difficult. 

 The effects of chronic disease models have been proven not only in the 

CDSMP but also in other chronic disease models. The chronic care model (CCM), 

which focuses on integrated delivery systems for successful chronic illness care,61 is 

the most adopted of these models. The CCM has evolved into the “Expanded CCM,” 

which is used in population health promotion by strengthening the role of community 

and implementing several policies.62 Graphics for each model are depicted on Figure 

1. An example of a well-applied CCM is a patient-centered medical home: a model in 

which care providers and healthcare professionals collaborate to provide integrated 

care to patients, aimed at improving care quality and reducing costs. There is some 

evidence that CCM interventions improve clinical outcomes while decrease healthcare 

costs and utilization.63,64 

A successful program for multimorbidity (diabetes, hypertension, 

hyperlipidemia, chronic pain, obesity, and chronic obstructive pulmonary diseases) was 

performed in Alberta, Canada, based on the CCM. It is an integrated, community-based 

chronic disease management model that takes a disease-spanning approach. 

Participants showed reduced healthcare utilization (emergency department visits and 

inpatient admissions) and improved clinical indicators (reduction in HbA1c and total 
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cholesterol to HDL cholesterol ratio).65 Similarly, in South Korea, implementing a 

CCM for diabetes was associated with decreased healthcare costs and improved 

continuity of care.66 

The description of each of these models is provided in Table 3. Chronic disease 

models include 11 factors that can be summarized as the follows: team effectiveness 

for healthcare organizations, utilization of clinical information systems, evidence-

based decision support, self-management support, efficient delivery system, factors for 

community linkages, understanding cultural competence, patient-centered care, care 

coordination, building an integrated healthcare system, and remote patient 

monitoring.67 
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Table 3. Descriptions of chronic disease models 

  
Chronic 

disease model 
Source Year Description 

1 
Chronic Care 

Model 

(CCM)61 

Wagner et 

al 
1996 

Designed to help practices improve patient 

outcomes by transforming delivery systems from 

acute and reactive to proactive, planned, 

population-based, and integrated. 

2 

Chronic 

Disease Self-

Management 

Program 

(CDSMP)55 

Lorig et al 1996 

Provide participants with the self-efficacy and 

skills required to optimally manage their chronic 

conditions through self-management and self-

management support. 

3 

Innovative 

Care for the 

Chronic 

Conditions 

(ICCC)68 

WHO 2002 

Organize the healthcare for chronic conditions by 

recognizing the broader policy environment that 

involves patients, their families, healthcare 

organizations, and communities. 

4 

Expanded 

Chronic Care 

Model 

(Expanded 

CCM)62 

 

Barr et al 
2003 

Includes elements of the population health 

promotion field into the original CCM for broad-

based prevention efforts, awareness of the social 

determinants of health, and strengthened 

community participation. 

5 
Transitional 

Care Model 

(TCM)69 

Naylor  

et al 
2004 

A comprehensive transitional care intervention 

designed to ensure the coordination and 

continuity of healthcare as patients transfer 

through multidisciplinary team members who are 

well-trained in chronic care and have the current 

patient’s information. 
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A 

 

B 

 

Figure 1. Comparing the Chronic Care Model and  

the Expanded Chronic Care Model  

A. A graphic for components of Wagner’s Chronic Care Model (1996). 

B. The Expanded Chronic Model created by Victoria Barr et al (2002). 
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III. Material and Methods 

 

1. Framework of the Study Design 

 

This study is an observational study using panel data and examined the effects 

of practicing health behaviors on unmet needs, healthcare cost, and healthcare 

utilization on patients with chronic diseases (hypertension, diabetes, dyslipidemia, and 

arthrosis). 
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2. Data and Study Population 

 

1) Data Source 

 

This study used 1.6 version of the Korea Health Panel Survey (KHPS) 

conducted in 2014 to 2017, which has been examined for households annually by the 

Korea Institute for Health and Social Affairs and the National Health Insurance Service 

since 2008. The KHPS is conducted to investigate not only healthcare utilization, 

healthcare cost, and type of healthcare utilization for households, but also details on 

diseases receiving medical services for household members. 7,000 to 8,000 households, 

which are the 90% of the 2005 population census data based on the two-stage stratified 

sampling method. Investigators visit target households and conduct computer-assisted 

personal interviews (CAPI), and data related to medical use are collected based on 

medical expenses and prescription receipts from households or medical institutions and 

pharmacies. The KHPS is a secondary data source and can be used after drawing up a 

letter of agreement. 
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2) Study Population 

 

This study designed a model for chronic patients. Since the scope of the chronic 

diseases has different definitions and classifications, we selected the top four disease 

diagnoses (hypertension, diabetes mellitus, dyslipidemia, arthrosis) with the highest 

frequencies when classified according to the Korean Classification Disease codes 

(KCD codes) in our study reference period (2014-2017). For the 19,219 participants in 

2014, we applied the following exclusion criteria: (1) less than 19 years of age 

(n=3,840); (2) absence of any of the four diseases during our study reference period 

(n=9,590); (3) failure to answer the questionnaires (n=689); (4) missing follow-up data 

during the study reference period (n=1,031). Our final baseline (2014) population 

included 4,069 participants. (Figure 2). 
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Figure 2. Flowchart of the participant selection 
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3. Variables 

 

1) Dependent Variables 

 

In this study, there are three dependent variables: Unmet needs, healthcare cost 

and healthcare utilization.  

 

(1) Unmet Needs 

 

Unmet needs was measured using the following question: “In the past year, 

have you ever had a need to visit a clinic or a hospital for treatment or examination, but 

not received appropriate care (except dental services)?” Participants responded with 

“yes”, if they experienced this more than once, and with “no” if they did not have to 

receive any treatment or examination.  

 

(2) Healthcare Cost 

 

Healthcare cost included total cost, outpatient cost, hospitalization cost, and 

emergency department (ED)cost spent on healthcare utilization over the past year. In 
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addition, the healthcare cost per healthcare utilization was calculated by dividing the 

total healthcare cost of each healthcare services (outpatient, hospitalization, and ED) 

by the number of healthcare utilization.  

 

(3) Healthcare Utilization 

 

Healthcare utilization included the number of visits per healthcare service over 

the past year. Healthcare services were classified as outpatient, hospitalization, and ED, 

and the number of visits included outpatient visits, hospitalization, length of stay, and 

ED visits. The length of stay was calculated as the sum of the number of days of 

hospitalization in the past year. 

 

2) Main Independent Variable 

 

The main independent variable in this study was practicing health behavior. To 

define health behavior, the following three variables were considered: no current 

smoking, no high-risk drinking, and moderate or greater exercising. Those who met all 

three criteria were included in the practicing health behavior group; even if one 

criterion was not met, the participants were assigned to the non-practicing health 

behavior group.  
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Participants were categorized as smokers based on pack-years to consider the 

quantity of smoked cigarettes. Those who smoked more than one pack-year were 

classified as smokers based on the previous studies.70,71 High-risk drinking is defined 

that men and women who drank ≥7 and ≥5 shots, respectively, on the same occasion 

for at least two days within the past year. Practicing moderate or greater exercise was 

determined according to the physical activity guidelines for South Koreans, which has 

different guidelines for adults, and the elderly: vigorous exercise (equal or greater 75 

minutes per week), moderate exercise (greater than or equal to 150 minutes per week, 

and if elderly, includes walking). Questionnaires and criteria of each health behavior 

are as follows. 
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Table 4. Description of each health behavior 

Health behavior Questionnaire 
Standards of practicing  

health behavior 

Not presently smoking Are you a current smoker? 

Less than one pack/year 

in past smokers, or non-

smokers 

Not belonging to  

the high-risk drinking 

group 

1. How often have you been consuming 

alcohol over the past year? 

 

2. How many glasses do you usually drink in 

a day?  

Less than twice per week 

& less than 7 glasses 

(men) or 5 glasses 

(women) per session 

Moderate or greater 

exercise 

1. For how many days over the past week 

have you performed more than 10 minutes of 

intense physical activity, where you breathed 

more/a little less than usual and your heart 

rate increased a lot/a little? 

 

2. Usually, for how many minutes do you 

perform vigorous/moderate exercise? 

- Vigorous exercise 

: equal to or over 75 

minutes per week 

 

-Moderate exercise 

: equal to or over 150 

minutes per week 

(For participants aged 65 

years or over, walking is 

included in moderate 

exercise) 
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3) Other Independent Variables 

 

(1) Socioeconomic Factors 

 

 Covariates regarding socioeconomic factors included sex, age, marital status, 

region, educational level, economic activity status, household income, medical 

coverage type, and private health insurance. Since this study included participants with 

chronic diseases, participants included in the study population were of older age.  

 

(2) Health-related Factors 

 

The purpose of this study is to determine the impact of practicing health 

behavior on unmet needs, healthcare cost and healthcare utilization, so other health-

related factors may act as confounders or mediators in the relationship between the two 

variables. Thus, variables which have been identified as relevant through prior studies 

were included: Charlson Comorbidity Index (CCI), the number of chronic diseases, 

body mass index (BMI) and medication adherence.  

The number of chronic diseases refers to the number of diagnosed diseases 

among the four chronic diseases included in this study. BMI is classified into three 
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categories according to guidelines of Korean Society for the Study of Obesity. 

Medication adherence is the extent of the patient's drug compliance for the four chronic 

diseases, and if they were not prescribed any medication for the chronic diseases, it was 

classified as “not applicable”. In addition, CCI was included to adjust the severity of 

the comorbid diseases. CCI is the sum of weighted scores for 16 groups of diseases, 

and higher scores indicate greater severity. A detailed description of the variables is 

given in the following table. 
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Table 5. Description of variables 

Variables Description 

Dependent 

variables 

Unmet needs -Yes: experienced one more time 

-No: not experienced or did not have to get medical services 

Healthcare cost 

Total cost, outpatient cost, hospitalization cost, and 

emergency department cost over the past year 

The healthcare cost of each healthcare services per 

healthcare utilization 

Healthcare utilization 
Outpatient visits, number of hospitalizations, total days of  

hospitalization, and emergency department visits 

Main 

independent 

variable 
Practicing health behavior 

- Practicing health behavior 
 : Those who practice all health behavior 

 (not present smoking, not belonging to high-risk 

drinking, exercising moderate or greater)  
- Not practicing health behavior 
 : Those who do not practice at least health behavior.  

Independent 

variables 

Socioeconomic 

factors 

Sex Men, women 

Age <60, 60-69, ≥70 

Marital 

status 
- Yes: living with spouses 

- No: unmarried, separated, bereaved, or divorced 

Region Metropolitan, rural 

Educational 

level Middle school or less, high school, university or over 

Economic 

activity 

status 
Yes, no 

Household 

income Total household income quintile 

Medical aid Yes: National health insurance subscribers  

No: Medical aid beneficiaries 

Private 

insurance Yes, no 

Health-related 

factors 

Charlson 

Comorbidity 

Index 
0, 1, ≥2 

The number 

of chronic 

diseases 
1, 2, ≥3 

Body mass 

index 
Underweight or normal range(less than 23kg/㎡), 

Overweight(23-24.9kg/㎡), obese(25kg/㎡ or over) 

Medication 

adherence 
Good, bad, not applicable 
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4. Statistical Methods 
 

This study was conducted to determine the effect of health behavior practice on 

the use of unmet medical care and medical care in patients with frequent chronic 

diseases. Dependent variables are unmet needs, healthcare cost and utilization, the main 

independent variable is practicing health behavior, and other independent variables 

included socioeconomic factors, and health-related factors.  

 First, we identified the general characteristics of the study subjects at the base-

line year (2014), and second, we analyzed the effects of independent variables on 

dependent variables including the main independent variables through one of the panel 

analyses, Generalized Estimating Equation (GEE). Third, we examined the impact of 

types of practicing health behavior on unmet needs, healthcare cost and utilization. 

Fourth, we stratified participants by types of chronic diseases and determined the 

association between practicing health behavior and dependent variables. Finally, we 

investigated the effects of practicing health behavior on dependent variables after 

stratifying the independent variables. 

To determine the distribution and general characteristics of subjects, we 

performed t-test and analysis of variance (ANOVA) for healthcare cost and utilization 

and employed a Chi-squared test with categorical variables. In addition, GEE analysis 

was performed for correlated data within a subject, such as repeated panel data. This 
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approach was used for extending the generalized linear model using quasi-likelihood 

estimation, which identified the effect of practicing health behavior and other 

covariates on dependent variables. Based on the features of the dependent variables, 

unmet needs were analyzed using a logit link function and a binominal distribution as 

binary variables. Variables regarding healthcare cost and utilization were continuous 

responses, and we used the identity function to estimate the differences in cost and 

utilization between the practicing and non-practicing health behavior groups. We also 

included results of GEE analyzing using log link function applying negative binominal 

distribution in the appendix since the data had right-skewed distribution. Subgroup 

analysis also performed based on reasons for unmet needs, type of practicing health 

behavior, type of chronic diseases, and independent variables. 

For all values calculated in our study, a p value of <.05 was considered 

statistically significant. All statistical analyses were conducted using SAS software 

(version 9.4). 
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5. Ethics Statement 
 

This study was reviewed and approved by Institutional Review Board of Yonsei 

University’s Health System (IRB number: 4-2021-0121). 
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IV. Results 

 

1. Unmet Needs 

 

1) General Characteristics of the Study Population 

 

Table 6 shows the general characteristics and distribution of the study 

population. Of a total of 4,096 participants included in 2014, 972 individuals (23.9%) 

were categorized in the group practicing health behavior. Among those who responded 

as experiencing unmet needs (634, 15.6%),142 individuals (14.6%) were in the group 

of practicing health behavior, and 492 individuals (15.9%) were included in the group 

of non-practicing health behavior. However, it was not statistically significant (p-

value=0.3643). 
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Table 6. General characteristics of the study population categorized by unmet needs 

at the 2014 baseline 

Variables 

Unmet needs 

TOTAL Yes No 
P-value 

N % N % N % 

Total(N=4,069) 4,069 100.0  634  15.6  3,435  84.4    

Practicing health behavior             0.3643  

Yes 972 23.9  142  14.6  830  85.4    

No 3,097 76.1  492  15.9  2,605  84.1    

Age (years)             0.0548  

<60 1,090 26.8  155  14.2  935  85.8    

60-69 1,293 31.8  189  14.6  1,104  85.4    

≥70 1,686 41.4  290  17.2  1,396  82.8    

Sex             <0.0001 

Men 1,689 41.5  216  12.8  1,473  87.2    

Women 2,380 58.5  418  17.6  1,962  82.4    

Marital Status             <0.0001 

Living with spouse 2,973 73.1  395  13.3  2,578  86.7    

Living without spouse 1,096 26.9  239  21.8  857  78.2    

Region             0.4178  

Urban 1,570 38.6  235  15.0  1,335  85.0    

Rural 2,499 61.4  399  16.0  2,100  84.0    

Educational level             <0.0001 

Middle school or less 2,504 61.5  448  17.9  2,056  82.1    

High school 1,046 25.7  126  12.0  920  88.0    

College or over 519 12.8  60  11.6  459  88.4    

Economic activity status             0.7274 

Yes 2,070 50.9  318  15.4  1,752  84.6    

No 1,999 49.1  316  15.8  1,683  84.2    

Household income (quintile)             <0.0001 

Lowest 1,137 27.9  264  23.2  873  76.8    

Mid-low 927 22.8  149  16.1  778  83.9    

Middle 807 19.8  101  12.5  706  87.5    

Mid-high 641 15.8  65  10.1  576  89.9    

Highest 557 13.7  55  9.9  502  90.1    

Medical aid             <0.0001 

Yes 220 5.4  59  26.8  161  73.2    

No 3,849 94.6  575  14.9  3,274  85.1    

Private health insurance             0.3064  

Yes 576 14.2  81  14.1  495  85.9    

No 3,493 85.8  553  15.8  2,940  84.2    
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Table 6. General characteristics of the study population categorized by unmet needs 

at the 2014 baseline (continued) 

Variables 

Unmet needs 

TOTAL Yes No 
P-value 

N % N % N % 

Total(N=4,069) 4,069 100.0  634  15.6  3,435  84.4    

Charlson comorbidity index             0.6796  

0 2,715 66.7  425  15.7  2,290  84.3    

1 1,004 24.7  160  15.9  844  84.1    

≥2 350 8.6  49  14.0  301  86.0    

The number of chronic diseases             0.1674  

1 2,092 51.4  305  14.6  1,787  85.4    

2 1,364 33.5  231  16.9  1,133  83.1    

≥3 613 15.1  98  16.0  515  84.0    

Body mass index(kg/m2)             0.7758  

Underweight & Normal range 1,510 37.1  239  15.8  1,271  84.2    

Overweight 1,197 29.4  179  15.0  1,018  85.0    

Obese 1,362 33.5  216  15.9  1,146  84.1    

Medication adherence             0.0002  

Good 3,410 83.8  496  14.5  2,914  85.5    

Poor 358 8.8  78  21.8  280  78.2    

Not applicable 301 7.4  60  19.9  241  80.1    
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2) Distribution of Reasons for Unmet Needs per Year  

 

Table 7 shows the distribution of the study population categorized by reasons 

for unmet needs and year. The KHPS had a question of reasons for unmet needs to 

those who responded experiencing unmet needs. There are ten examples of the question: 

could not pay for services, too far to visit a clinic or hospital, difficulty to move, infant 

care, mild symptoms, did not know where to visit, not enough time to visit, no 

appointments available, absence of family doctors, and others.  

In each survey year, the most participants experiencing unmet needs were 

because of financial deficiency (2014: 249, 39.3%; 2015: 290, 42.0%; 2016: 217, 

40.1%; 2017: 166, 35.6%), following mild symptoms (2014: 151, 23.8%; 2015: 147, 

21.3%; 2016: 134, 24.8%; 2017: 114, 24.5%), and not enough time to visit (2014: 137, 

21.6%; 2015: 94, 13.6%; 2016: 77, 14.2%; 2017: 80, 17.2%). 
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Table 7. Distribution of the study population categorized by reasons for unmet needs 

and year 

Reasons for unmet needs 

Year 

2014 2015 2016 2017 

N % N % N % N % 

Unmet needs 4,069 100 4,069 100 4,069 100 4,069 100 

Yes 634 15.6 690 17.0 541 13.3 466 11.5 

Could not pay for services 249 39.3 290 42.0 217 40.1 166 35.6 

Too far to visit a clinic or hospital 19 3.0 40 5.8 24 4.4 18 3.9 

Difficulty to move 48 7.6 92 13.3 68 12.6 68 14.6 

Infant care 0 0.0 2 0.3 0 0.0 0 0.0 

Mild symptoms 151 23.8 147 21.3 134 24.8 114 24.5 

Did not know where to visit 8 1.3 7 1.0 2 0.4 4 0.9 

Not enough time to visit 137 21.6 94 13.6 77 14.2 80 17.2 

No appointments available 3 0.5 3 0.4 1 0.2 3 0.6 

Absence of family doctors 0 0.0 2 0.3 1 0.2 1 0.2 

Others 19 3.0 13 1.9 17 3.1 12 2.6 

No 3,435 84.4 3,379 83.0 3,528 86.7 3,603 88.5 
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3) Results of GEE for the Analysis of the Effect of Practicing Health Behavior on 

Unmet Needs Stratified by Independent Variables 

 

Table 8 presents the results of GEE for the analysis of the effect of practicing 

health behavior on unmet needs. Compared to those practicing health behavior, 

participants who did not practice health behavior had significantly higher association 

with unmet needs (OR: 1.24, 95% CI: 1.10-1.39).  

 In socioeconomic factors, the older groups were significantly less associated 

with unmet needs than the younger group (60-69 years, OR: 0.78, 95% CI: 0.67-0.91; 

≥70, OR: 0.72, 95% CI: 0.61-0.85). In women (OR: 1.22, 95% CI: 1.08-1.39) rather 

than men, living without spouse (OR: 1.50, 95% CI: 1.33-1.69) rather than living with 

spouse, low-education level (middle school or less, OR: 1.25, 95% CI: 1.02-1.55) rather 

than high-education level, and medical aid benefit (OR: 1.42, 95% CI: 1.17-1.73) rather 

than national health insurance subscribers were significantly more associated with 

unmet needs. 

 In health-related factors, overweight participants were less associated with 

unmet needs than under normal-weight participants (OR: 0.88, 95% CI: 0.79-0.99), and 

those who had bad medication adherence or not-applicable group were more 



43 
 

significantly associated with unmet needs than good adherence group (poor, OR: 1.59, 

95% CI: 1.34-1.89; not applicable, OR: 1.33, 95% CI: 1.10-1.59).  
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Table 8. Results of generalized estimating equation (GEE) for the analysis of the effect 

of practicing health behavior on unmet needs 

Variables 
Unmet needs 

OR 95% CI 

Practicing health behavior     

Yes 1.00    

No 1.24 (1.10 - 1.39) 

Age (years)     

<60 1.00    

60-69 0.78 (0.67 - 0.91) 

≥70 0.72 (0.61 - 0.85) 

Sex     

Men 1.00    

Women 1.22 (1.08 - 1.39) 

Marital Status     

Living with spouse 1.00    

Living without spouse 1.50 (1.33 - 1.69) 

Region     

Urban 1.00    

Rural 1.04 (0.93 - 1.16) 

Educational level     

Middle school or less 1.25 (1.02 - 1.55) 

High school 1.07 (0.87 - 1.33) 

College or over 1.00    

Economic activity status     

Yes 1.00    

No 0.89 (0.79 - 0.99) 

Household income (quintile)     

Lowest 2.14 (1.76 - 2.61) 

Mid-low 1.50 (1.24 - 1.81) 

Middle 1.19 (0.98 - 1.45) 

Mid-high 1.09 (0.89 - 1.33) 

Highest 1.00    

Medical aid     

Yes 1.42 (1.17 - 1.73) 

No 1.00    

Private health insurance     

Yes 1.00    

No 1.03 (0.88 - 1.21) 
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Table 8. Results of generalized estimating equation (GEE) for the analysis of the effect 

of practicing health behavior on unmet needs (continued) 

Variables 
Unmet needs 

OR 95% CI 

Charlson comorbidity index     

0 1.00    

1 0.99 (0.88 - 1.11) 

≥2 0.99 (0.84 - 1.17) 

The number of chronic diseases     

1 1.00    

2 1.07 (0.95 - 1.20) 

≥3 1.09 (0.94 - 1.25) 

Body mass index (kg/m2)     

Underweight & Normal range 1.00    

Overweight 0.88 (0.79 - 0.99) 

Obese 0.89 (0.79 - 1.00) 

Medication adherence     

Good 1.00    

Poor 1.59 (1.34 - 1.89) 

Not applicable 1.33 (1.10 - 1.59) 
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4) Results of GEE for the Analysis of the Effect of Type of Practicing Health 

Behavior on Unmet Needs 

 

Figure 3 presents the results of GEE for the analysis of the effect of type of 

practicing health behavior on unmet needs. In general, the higher the number of non-

practicing health behavior, the higher association with unmet needs compared to practicing 

all three health behaviors. Especially, participants who only did not exercise (OR: 1.21, 95% 

CI: 1.07-1.37), participants who only smoked and did not exercise (OR: 1.47, 95% CI: 

1.19-1.81), participants who only smoked and drank alcohol (OR: 1.70, 95% CI: 1.23-

2.36), and participants who did not practice any of the three health behaviors (OR: 1.68, 

95% CI: 1.24-2.27) were significantly associated with experiencing unmet needs. 

 

Figure 3. Results of generalized estimating equation (GEE) for the analysis of the effect 

of type of health behavior on unmet needs 
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5) Results of GEE for the Analysis of the Effect of Practicing Health Behavior on 

Reasons for Unmet Needs 

 

 Table 9 presents the results of GEE analyzing the effect of practicing health 

behavior on reasons for unmet needs. We selected three reasons for unmet needs in 

order of the highest frequency, and other reasons were categorized as “others”. Those 

who did not practice health behavior were significantly associated with unmet needs 

because of financial deficiency (OR: 1.20, 95% CI: 1.00-1.43) and other reasons (OR: 

2.09, 95% CI: 1.58-2.76).  

 

Table 9. Results of generalized estimating equation (GEE) for the analysis of the effect 

of practicing health behavior on reasons for unmet needs* 

Reasons for unmet needs 
N 

(4 years) 

Non-practicing health behavior 

OR 95% CI 

Unmet needs 16,276          

Yes 2,331          

Could not pay for services 922  1.20  (1.00 - 1.43) 

Mild symptoms 546  1.01  (0.82 - 1.25) 

Not enough time to visit 388  1.02  (0.77 - 1.34) 

Othersa 475  2.09  (1.58 - 2.76) 

No 13,945  1.00        

*Adjusted by variables including age, sex, marital status, economic activity status, educational level, 

household income, medical aid, Charlson comorbidity index, the number of chronic diseases, body 

mass index, and medication adherence. 
aOthers included infant care, did not know where to visit, no appointments available, absence of family 

doctors, and other reasons. 
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6) Results of GEE for the Analysis of the Effect of Practicing Health Behavior on 

Unmet Needs Categorized by Type of Chronic Diseases 

 

 Table 10 shows the results of GEE for the analysis of the effect of practicing 

health behavior on unmet needs categorized based on the type of chronic diseases. We 

classified type of chronic diseases into seven categories in order of the highest 

frequency. During the study period, less than 1,000 participants of type of chronic 

diseases were classified as “Others”. The participants number of each type of chronic 

diseases were also shown in Table 10. After classifying type of chronic diseases, the 

most frequent disease was hypertension only, and they were significantly associated 

with unmet needs when non-practicing health behavior (OR: 1.36, 95% CI: 1.04-1.79). 

In addition, participants who had hypertension and diabetes and did not practice health 

behavior were significantly associated with unmet needs (OR: 2.40, 95% CI: 1.37-4.23). 

Those who were classified by “Others” and did not practice health behavior were more 

significantly associated with unmet needs (OR: 1.42, 95% CI: 1.26-1.75). 
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Table 10. Results of generalized estimating equation (GEE) for the analysis of the 

effect of practicing health behavior on unmet needs categorized by type of chronic 

diseases* 

Chronic diseases 
N 

(4 years) 

Practicing health behavior 

Yes 

No 

Unmet needs 

OR 95% CI 

Type of chronic diseasesa 16,276            

Hypertension 3,933  1.00  1.36  (1.04 - 1.79) 

Hypertension & arthrosis 1,987  1.00  1.11  (0.83 - 1.50) 

Hypertension & dyslipidemia 1,814  1.00  1.12  (0.75 - 1.66) 

Arthrosis 1,266  1.00  0.87  (0.62 - 1.23) 

Hypertension & dyslipidemia & arthrosis 1,118  1.00  0.98  (0.68 - 1.42) 

Hypertension & diabetes mellitus 1,062  1.00  2.40  (1.37 - 4.23) 

Othersb 5,096  1.00  1.42  (1.16 - 1.75) 

*Adjusted by variables including age, sex, marital status, economic activity status, educational level, household 

income, medical aid, Charlson comorbidity index, the number of chronic diseases, body mass index, and 

medication adherence. 
aType of chronic diseases was ordered by highest frequency among participants. 
bOthers included groups of less than 1,000 participants in distribution of the type of chronic diseases. 
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7) Results of GEE for the Analysis of the Effect of Practicing Health Behavior on 

Unmet Needs Stratified by Independent Variables 

 

 Table 11 presents the results of GEE for the analysis of the effect of practicing 

health behavior on unmet needs stratified by independent variables. Participants who 

aged 60 years or over and did not practice health behavior were significantly associated 

with unmet needs (aged 60-69 years, OR: 1.31, 95% CI: 1.06-1.61; aged 70 years or 

over, OR: 1.25, 95% CI: 1.07-1.47). Female participants who did not practice health 

behavior were significantly associated with unmet needs (OR: 1.25, 95% CI: 1.10-1.41), 

and male participants who did not practice health behavior were more associated with 

unmet needs, but not statistically significant (OR: 1.24, 95% CI: 0.90-1.71). Whether 

living with spouse or not, there were significant association with unmet needs when 

non-practicing health behavior (living with spouse, OR: 1.23, 95% CI: 1.06-1.43; living 

without spouse, OR: 1.26, 95% CI: 1.05-1.51). Those who were not economically 

active, middle or less household income, national health insurance subscribers, or did 

not have private insurance and did not practice health behavior were significantly 

associated with unmet needs. 

 In health-related variables, CCI with 1 point or less, had two or over chronic 

diseases, overweight or over, or good medication adherence and did not practice health 

behavior were significantly associated with unmet needs.  
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Table 11. Results of generalized estimating equation (GEE) for the analysis of the 

effect of practicing health behavior on unmet needs stratified by independent 

variables* 

Variables 

Unmet needs 

Practicing health behavior 

Yes No 

OR OR 95% CI 

Age (years)      

<60 1.00 1.02 (0.76 - 1.38) 

60-69 1.00 1.31 (1.06 - 1.61) 

≥70 1.00 1.25 (1.07 - 1.47) 

Sex      

Men 1.00 1.24 (0.90 - 1.71) 

Women 1.00 1.25 (1.10 - 1.41) 

Marital Status      

Living with spouse 1.00 1.23 (1.06 - 1.43) 

Living without spouse 1.00 1.26 (1.05 - 1.51) 

Region      

Urban 1.00 1.27 (1.05 - 1.52) 

Rural 1.00 1.22 (1.05 - 1.41) 

Educational level      

Middle school or less 1.00 1.18 (1.03 - 1.34) 

High school 1.00 1.42 (1.10 - 1.85) 

College or over 1.00 1.46 (0.89 - 2.39) 

Economic activity status      

Yes 1.00 1.10 (0.93 - 1.30) 

No 1.00 1.31 (1.12 - 1.53) 

Household income (quintile)      

Lowest 1.00 1.23 (1.02 - 1.48) 

Mid-low 1.00 1.35 (1.07 - 1.70) 

Middle 1.00 1.37 (1.01 - 1.85) 

Mid-high 1.00 -  -  

Highest 1.00 -  -  

Medical aid      

Yes 1.00 -  -  

No 1.00 1.24 (1.10 - 1.40) 

Private health insurance      

Yes 1.00 1.08 (0.76 - 1.52) 

No 1.00 1.25 (1.11 - 1.41) 

*Adjusted by variables including age, sex, marital status, economic activity status, educational level, 

household income, medical aid, Charlson comorbidity index, body mass index, and medication 

adherence. 
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Table 11. Results of generalized estimating equation (GEE) for the analysis of the 

effect of practicing health behavior on unmet needs stratified by independent 

variables (continued) * 

Variables 

Unmet needs 

Practicing health behavior 

Yes No 

OR OR 95% CI 

Charlson comorbidity index      

0 1.00 1.16 (1.01 - 1.33) 

1 1.00 1.43 (1.11 - 1.85) 

≥2 1.00 1.64 (1.08 - 2.49) 

The number of chronic diseases      

1 1.00 1.14 (0.94 - 1.38) 

2 1.00 1.32 (1.09 - 1.59) 

≥3 1.00 1.36 (1.08 - 1.71) 

Body mass index(kg/m2)      

Underweight & Normal range 1.00 1.16 (0.97 - 1.38) 

Overweight 1.00 1.23 (0.99 - 1.53) 

Obese 1.00 1.39 (1.13 - 1.71) 

Medication adherence      

Good 1.00 1.28 (1.13 - 1.46) 

Poor 1.00 1.46 (0.94 - 2.26) 

Not applicable 1.00 -  -  

*Adjusted by variables including age, sex, marital status, economic activity status, educational level, 

household income, medical aid, Charlson comorbidity index, body mass index, and medication 

adherence. 
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2. Healthcare Cost and Utilization 

 

1) General Characteristics of the Study Population’s Healthcare Cost and 

Utilization at 2014 Baseline 

 

Table 12 shows the general characteristics of the study population’s healthcare 

cost and utilization categorized by practicing health behavior at the 2014 baseline. 

The mean total cost of the practicing health behavior group was ₩1,396,827, 

while that of the non-practicing health behavior group was ₩1,546,374, and the 

difference between two groups were not statistically significant (p-value=0.1100). 

Among the different healthcare costs, there was a significant difference (p-value 

< .0001) in only the outpatient costs between practicing health behavior group and non-

practicing health behavior group, with more money spent by the practicing health 

behavior group (practicing health behavior: ₩951,528, non-practicing health behavior: 

₩863,067).  

In healthcare utilization, outpatient visits were significantly more and number 

of hospitalizations were significantly lesser (p-value < .0001 and 0.0001, respectively) 

in the practicing health behavior group than in the non-practicing health behavior group. 

Additionally, the cost per utilization for outpatient visit showed significant 

difference and higher spending in those practicing health behavior (practicing health 
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behavior: ₩28,096, non-practicing health behavior: ₩27,764). Results of full analysis 

including other independent variables for healthcare cost and utilization can be found 

in supplementary table 1. 

 

Table 12. General characteristics of the study population’s healthcare cost and 

utilization categorized by practicing health behavior at the 2014 baseline* 

Variables 

Practicing health behavior 

Yes No 
P-value 

Mean  SD Mean  SD 

Total (N=4,069) N=972 N=3,097  

Cost (in ₩)        

Total cost 1,396,827 ± 2,317,237 1,546,374 ± 3,341,548 0.1100 

Outpatient cost 951,528 ± 1,350,553 863,067 ± 1,436,576 <.0001 

Hospitalization cost 442,198 ± 1,721,278 675,233 ± 2,778,064 0.4923 

ED service cost 3,101 ± 28,762 8,074 ± 77,652 0.4441 

Utilization        

Outpatient visit 35.824 ± 29.785 32.627 ± 33.303 <.0001 

Number of hospitalizations 0.193 ± 0.544 0.279 ± 0.740 0.0001 

Length of stay 1.685 ± 6.837 2.669 ± 13.619 0.4643 

ED visit 0.047 ± 0.272 0.092 ± 0.470 0.2209 

Cost per utilization        

Outpatient cost 28,096 ± 38,006 27,764 ± 41,050 0.0034 

Hospitalization cost 341,785 ± 1,432,613 442,693 ± 1,548,062 0.0728 

ED service cost 2,130 ± 20,138 5,260 ± 53,564 0.2112 

Abbreviation: ED Emergency Department 
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2) Trends in Healthcare Cost and Utilization Categorized by Practicing Health 

Behavior per Year 

 

Figure 4 presents the trends in healthcare cost and utilization categorized by 

practicing health behavior per year. Generally, both groups showed a yearly increase 

in healthcare cost and utilization, and the non-practicing health behavior group spent 

more money and utilized healthcare services more frequently than the practicing health 

behavior group.
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Figure 4. Trends of healthcare cost and utilization categorized by practicing health behavior per year 

Abbreviation: ED Emergency Department 
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3) Results of GEE for the Analysis of the Effect of Practicing Health Behavior 

on Healthcare Cost and Utilization 

 

 Table 13 shows the results of GEE for the analysis of the effect of practicing 

health behavior on healthcare cost and utilization. Participants who did not practice 

health behavior showed significantly higher estimates for all components of healthcare 

costs than those who practiced health behavior: total cost (estimate: ₩419,940; p-value 

<.0001), outpatient cost (estimate: ₩71,168; p-value = 0.0340), hospitalization cost 

(estimate: ₩344,458; p-value <.0001), and ED service cost (estimate: ₩4,314; p-value 

= 0.0006).  

In healthcare utilization, the non-practicing health behavior group had higher 

estimates in the number of hospitalization (estimate: 0.075; p-value <.0001), length of 

stay (estimate: 1.437; p-value <.0001) and number of ED visits (estimate: 0.036; p-

value <.0001).  

When dividing each healthcare cost by each number of utilizations, 

hospitalization cost (estimate: ₩176,945; p-value <.0001) and ED service cost 

(estimate: ₩2,198; p-value = 0.0073) of the non-practicing health behavior group were 

higher than practicing health behavior group. The results of EXP(ß) in healthcare cost 

and utilization between practicing health behavior group and non-practicing health 

behavior group were shown on supplementary table 2.  
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Table 13. Results of generalized estimating equation (GEE) for the analysis of the 

effect of practicing health behavior on healthcare cost and utilization (in cost and 

frequency) * 

Variables 

Practicing health behavior 

Yes 
No 

Estimate S.E P-value 

Healthcare cost (in ₩)         

Total cost Ref. 419,940  77,754  <.0001 

Outpatient cost Ref. 71,168  33,578  0.0340  

Hospitalization cost Ref. 344,458  63,813  <.0001 

ED service cost Ref. 4,314  1,257  0.0006  

Healthcare utilization         

Outpatient visit Ref. 1.222  0.756  0.1061  

Number of hospitalizations Ref. 0.075  0.017  <.0001 

Days of hospitalization Ref. 1.437  0.307  <.0001 

ED visit Ref. 0.036  0.008  <.0001 

Cost per utilization         

Outpatient cost Ref. 466  906  0.6071  

Hospitalization cost Ref. 176,945  34,864  <.0001 

ED service cost Ref. 2,198  820  0.0073  

*Adjusted by variables including age, sex, marital status, economic activity status, educational level, household 

income, medical aid, Charlson comorbidity index, the number of chronic diseases, body mass index, and 

medication adherence. 

Abbreviation: ED Emergency Department 

 

  



59 
 

4) Results of GEE for the Analysis of the Effect of Type of Practicing Health 

Behavior on Healthcare Cost and Utilization 

 

Table 14 shows the results of GEE for the analysis of the effect of type of 

practicing health behavior on healthcare cost and utilization. Compared to the practicing 

health behavior group, those who did not practice exercising moderate or greater only had 

the significantly highest estimates of outpatient cost (estimates: ₩95,858, p-value = 

0.0030), and outpatient visits (estimates: 1.696, p-value = 0.0296).The highest estimates of 

total cost (estimates: ₩581,830, p-value = 0.0075), hospitalization cost (estimates: 

₩543,175, p-value = 0.0034), utilization of hospitalization (estimates: 0.119, p-value = 

0.0015), length of stay (estimates: 2.863, p-value = 0.0016), and hospitalization cost per 

utilization (estimates: ₩225,645, p-value = 0.0004) were shown in the participants who 

smoked and did not exercise moderate or greater simultaneously, compared to those who 

practiced all health behaviors.  

Meanwhile, those who did not practice all health behavior were shown to have 

the significantly lowest estimates of outpatient cost (estimates: -₩199,865, p-value = 

0.0046), and outpatient cost per utilization (estimates: -₩6,742, p-value = 0.0019). The 

results of EXP(ß) in healthcare cost and utilization categorized by type of practicing 

health behavior were shown on supplementary table 3. 
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Table 14. Results of generalized estimating equation (GEE) for the analysis of the effect of type of practicing health 

behavior on healthcare cost and utilization (in cost and frequency) * 

Chronic diseases 
N 

(4 years) 

Healthcare cost 

Total cost Outpatient cost Hospitalization cost ED service cost 

Estimate S.E P-value Estimate S.E P-value Estimate S.E P-value Estimate S.E P-value 

Practicing health behavior 16,276             

no SMK & no DRK & EXC 3,755 Ref.   Ref.   Ref.   Ref.   

no SMK & no DRK & no EXC 6,176 464,804  80,590  <.0001 95,858  32,251  0.0030  365,001  67,998  <.0001 3,945  1,357  0.0036  

no SMK & DRK & EXC 91 106,081  315,276  0.7365  -108,941  86,130  0.2059  212,478  315,730  0.5010  2,544  3,472  0.4636  

SMK & no DRK & EXC 2,348 91,556  159,740  0.5665  45,861  68,817  0.5051  42,902  132,715  0.7465  2,793  2,842  0.3257  

no SMK & DRK & no EXC 148 -9,542  237,915  0.9680  -176,857  71,453  0.0133  166,966  214,703  0.4368  349  1,589  0.8259  

SMK & no DRK & no EXC 2,604 581,830  217,429  0.0075  32,329  87,940  0.7132  543,175  185,472  0.0034  6,327  2,612  0.0154  

SMK & DRK & EXC 522 75,358  185,224  0.6841  -137,188  73,571  0.0622  199,383  155,393  0.1995  13,162  5,173  0.0110  

SMK & DRK & no EXC 632 168,216  203,097  0.4075  -199,865  70,525  0.0046  357,170  177,585  0.0443  10,911  5,135  0.0336  

*Adjusted by variables including age, sex, marital status, economic activity status, educational level, household income, medical aid, Charlson comorbidity index, body 

mass index, and medication adherence. 

Abbreviation: SMK present smoking, DRK belonging to high-risk drinking group, EXC exercising moderate or greater, ED emergency department 
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Table 14. Results of generalized estimating equation (GEE) for the analysis of the effect of type of practicing health 

behavior on healthcare cost and utilization (in cost and frequency) (continued)*  

Chronic diseases 
N 

(4 years) 

Healthcare utilization 

Outpatient visit Number of hospitalizations Length of stay ED visit 

Estimate S.E P-value Estimate S.E P-value Estimate S.E P-value Estimate S.E P-value 

Practicing health behavior 16,276                          

no SMK & no DRK & EXC 3,755  Ref.     Ref.     Ref.     Ref.     

no SMK & no DRK & no EXC 6,176  1.696  0.780  0.0296  0.079  0.018  <.0001 1.379  0.298  <.0001 0.032  0.009  0.0003  

no SMK & DRK & EXC 91  -2.528  1.947  0.1941  -0.012  0.055  0.8355  1.176  0.889  0.1859  0.037  0.028  0.1905  

SMK & no DRK & EXC 2,348  1.116  1.441  0.4386  0.029  0.035  0.4116  0.616  0.783  0.4319  0.023  0.014  0.1024  

no SMK & DRK & no EXC 148  -5.487  1.713  0.0014  -0.001  0.042  0.9795  0.653  0.678  0.3358  0.016  0.017  0.3261  

SMK & no DRK & no EXC 2,604  0.178  1.539  0.9082  0.119  0.037  0.0015  2.863  0.909  0.0016  0.063  0.017  0.0002  

SMK & DRK & EXC 522  -2.085  1.649  0.2061  0.031  0.039  0.4207  0.953  0.767  0.2138  0.117  0.061  0.0548  

SMK & DRK & no EXC 632  -3.993  1.509  0.0081  0.062  0.042  0.1365  1.265  0.839  0.1318  0.067  0.022  0.0020  

*Adjusted by variables including age, sex, marital status, economic activity status, educational level, household income, medical aid, Charlson comorbidity index, body 
mass index, and medication adherence. 

Abbreviation: SMK present smoking, DRK belonging to high-risk drinking group, EXC exercising moderate or greater, ED emergency department 
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Table 14. Results of generalized estimating equation (GEE) for the analysis of the effect of type of practicing health 

behavior on healthcare cost and utilization (in cost and frequency) (continued)* 

Chronic diseases 
N 

(4 years) 

Cost per utilization 

Outpatient cost Hospitalization cost ED service cost 

Estimate S.E P-value Estimate S.E P-value Estimate S.E P-value 

Practicing health behavior 16,276                   

no SMK & no DRK & EXC 3,755 Ref.     Ref.     Ref.     

no SMK & no DRK & no EXC 6,176 1,428  966  0.1393  203,264  39,168  <.0001 2,292  876  0.0089  

no SMK & DRK & EXC 91 -2,720  3,525  0.4404  87,838  181,987  0.6293  2,016  3,173  0.5251  

SMK & no DRK & EXC 2,348 -2,040  1,538  0.1847  -21,394  57,204  0.7084  746  1,686  0.6579  

no SMK & DRK & no EXC 148 -1,033  3,554  0.7713  -1,307  101,127  0.9897  -966  1,002  0.3352  

SMK & no DRK & no EXC 2,604 -1,311  1,813  0.4697  225,645  64,183  0.0004  2,511  1,506  0.0956  

SMK & DRK & EXC 522 -6,225  1,878  0.0009  73,847  77,002  0.3375  3,604  2,496  0.1488  

SMK & DRK & no EXC 632 -6,742  2,167  0.0019  166,964  89,677  0.0626  5,335  4,184  0.2023  

*Adjusted by variables including age, sex, marital status, economic activity status, educational level, household income, medical aid, Charlson comorbidity index, body 
mass index, and medication adherence. 

Abbreviation: SMK present smoking, DRK belonging to high-risk drinking group, EXC exercising moderate or greater, ED emergency department 
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5) Results of GEE for the Analysis of the Effect of Practicing Health Behavior 

on Healthcare Cost and Utilization Categorized by Type of Chronic Diseases 

 

 Table 15 presents the results of GEE for the analysis of the effect of practicing 

health behavior on healthcare cost and utilization. Those who had hypertension and 

diabetes mellitus simultaneously and did not practice health behavior were shown the 

significantly greatest difference estimates in total cost (estimates: ₩951,365, p-value 

= 0.0144), outpatient cost (estimates: ₩501,115, p-value = 0.0469), and length of stay 

(estimates: 2.664, p-value = 0.0007), compared to those who had hypertension and 

diabetes mellitus simultaneously and practiced health behavior. The greatest difference 

in hospitalization cost (estimates: ₩618,457, p-value = 0.0287) between practicing 

health behavior or not was in those who had hypertension, dyslipidemia, and arthrosis 

simultaneously. The results of EXP(ß) in healthcare cost and utilization between 

practicing health behavior group and non-practicing health behavior group categorized 

by type of chronic diseases were shown on supplementary table 4.  
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Table 15. Results of generalized estimating equation (GEE) for the analysis of the effect of practicing health 

behavior on healthcare cost and utilization categorized by type of chronic diseases (in cost and frequency) * 

Chronic diseases 
N 

(4 years) 

Practicing health behavior 

Yes 

No 

Healthcare cost 

Total cost Outpatient cost Hospitalization cost ED service cost 

Estimate S.E P-value Estimate S.E P-value Estimate S.E P-value Estimate S.E P-value 

Type of chronic diseases 16,276                           

Hypertension 3,933 Ref. 169,437  164,585  0.3033 -43,448  77,340  0.5743 211,200  131,137  0.1073 1,684  2,236  0.4512 

Hypertension & arthrosis 1,987 Ref. 465,530  156,103  0.0029  86,573  64,817  0.1817  372,424  134,287  0.0055  6,533  2,630  0.0130  

Hypertension & dyslipidemia 1,814 Ref. 250,316  216,557  0.2477  13,177  129,597  0.9190  234,019  144,033  0.1042  3,121  4,562  0.4940  

Arthrosis 1,266 Ref. -16,955  187,582  0.9280  -29,562  76,713  0.7000  12,924  161,405  0.9362  -317  3,498  0.9277  

Hypertension & dyslipidemia & arthrosis 1,118 Ref. 693,111  306,027  0.0235  71,428  113,723  0.5299  618,457  282,755  0.0287  3,226  3,712  0.3848  

Hypertension & diabetes mellitus 1,062 Ref. 951,365  388,671  0.0144  501,115  252,186  0.0469  453,796  206,866  0.0283  -3,546  6,331  0.5754  

Others 5,096 Ref. 607,905  147,183  <.0001 132,262  49,503  0.0075  468,258  129,429  0.0003  7,385  2,716  0.0066  

*Adjusted by variables including age, sex, marital status, economic activity status, educational level, household income, medical aid, Charlson comorbidity index, body 
mass index, and medication adherence. 

Abbreviation: ED emergency department 
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Table 15. Results of generalized estimating equation (GEE) for the analysis of the effect of practicing health 

behavior on healthcare cost and utilization categorized by type of chronic diseases (in cost and frequency) 

(continued)* 

Chronic diseases 
N 

(4 years) 

Practicing health behavior 

Yes 

No 

Healthcare utilization 

Outpatient visit Number of hospitalizations Length of stay ED visit 

Estimate S.E P-value Estimate S.E P-value Estimate S.E P-value Estimate S.E P-value 

Type of chronic diseases 16,276                            

Hypertension 3,933  Ref. -2.751  1.415  0.0518  -0.021  0.038  0.5700  -0.168  0.834  0.8402  0.010  0.019  0.5979  

Hypertension & arthrosis 1,987  Ref.  2.149  2.018  0.2869  0.119  0.041  0.0040  1.613  0.518  0.0018  0.060  0.021  0.0038  

Hypertension & dyslipidemia 1,814  Ref.  3.466  2.240  0.1218  0.130  0.045  0.0035  2.631  0.940  0.0051  0.025  0.028  0.3853  

Arthrosis 1,266  Ref.  -3.670  2.500  0.1421  0.071  0.039  0.0682  0.565  0.523  0.2802  0.000  0.019  0.9892  

Hypertension & dyslipidemia & arthrosis 1,118  Ref.  1.898  3.176  0.5500  0.055  0.086  0.5229  1.784  0.788  0.0236  0.034  0.021  0.1049  

Hypertension & diabetes mellitus 1,062  Ref.  2.786  2.887  0.3345  0.104  0.050  0.0368  2.664  0.782  0.0007  0.051  0.027  0.0527  

Others 5,096  Ref.  3.832  1.303  0.0033  0.110  0.030  0.0002  1.999  0.587  0.0007  0.049  0.013  0.0003  

*Adjusted by variables including age, sex, marital status, economic activity status, educational level, household income, medical aid, Charlson comorbidity index, body 

mass index, and medication adherence. 

Abbreviation: ED emergency department 
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Table 15. Results of generalized estimating equation (GEE) for the analysis of the effect of practicing health 

behavior on healthcare cost and utilization categorized by type of chronic diseases (in cost and frequency) 

(continued)* 

Chronic diseases 
N 

(4 years) 

Practicing health behavior 

Yes 

No 

Cost per utilization 

Outpatient cost Hospitalization cost ED service cost 

Estimate S.E P-value Estimate S.E P-value Estimate S.E P-value 

Type of chronic diseases 16,276                      

Hypertension 3,933  Ref. 1,157  1,937  0.5503 123,820  64,659  0.0555 1,813  1,553  0.2429 

Hypertension & arthrosis 1,987  Ref.  1,529  1,316  0.2454  223,581  100,467  0.0261  4,541  1,739  0.0090  

Hypertension & dyslipidemia 1,814  Ref.  -2,356  3,205  0.4622  45,530  65,138  0.4846  2,487  2,312  0.2821  

Arthrosis 1,266  Ref.  1,196  3,454  0.7292  -77,219  123,249  0.5310  -1,211  2,803  0.6658  

Hypertension & dyslipidemia & arthrosis 1,118  Ref.  1,059  2,230  0.6349  385,825  138,639  0.0054  1,287  2,329  0.5805  

Hypertension & diabetes mellitus 1,062  Ref.  2,966  3,214  0.3560  170,341  154,527  0.2703  -5,536  5,820  0.3415  

Others 5,096  Ref.  12  2,012  0.9952  256,858  67,589  0.0001  3,248  1,597  0.0420  

*Adjusted by variables including age, sex, marital status, economic activity status, educational level, household income, medical aid, Charlson comorbidity index, body 
mass index, and medication adherence. 

Abbreviation: ED emergency department 
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6) Results of GEE for the Analysis of the Effect of Practicing Health Behavior 

on Healthcare Cost and Utilization Stratified by Independent Variables 

 

Table 16 shows the results of GEE analysis of the effect of practicing health 

behavior on healthcare cost and utilization stratified by age, sex, region, CCI, and the 

number of chronic diseases. As age increases, the difference of total cost (<60, 

estimates: ₩287,665, p-value = 0.0370; 60-69, estimates: ₩377,902, p-value = 0.0090; 

≥70, estimates: ₩506,920, p-value <.0001) and hospitalization cost between practicing 

health behavior or not was much greater (<60, estimates: ₩227,384, p-value = 0.0410; 

60-69, estimates: ₩297,292, p-value = 0.0146; ≥70, estimates: ₩431,561, p-value 

<.0001). Also, these results were consistent with hospitalization cost. The difference of 

number of hospitalizations, length of stay, and number of ED visit between practicing 

health behavior or not were much greater, as age increases.  

Female participants who did not practice health behavior had significantly 

positive relationship with healthcare cost and utilization, especially total cost, 

outpatient cost, hospitalization cost, ED service cost, the number of hospitalizations, 

length of stay, the number of ED visits, hospitalization cost per utilization and ED 

service cost per utilization. In addition, those who lived in rural area, the greatest gap 

of following contents compared to those who lived in urban areas, according to 
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practicing health behavior or not: total cost, hospitalization cost, outpatient visit, 

number of hospitalizations, length of stay, and hospitalization cost per utilization. 

Regarding the health-related variables, as CCI score increases, the difference 

of total costs, outpatient cost, and ED service cost between practicing health behavior 

or not were much greater, while the difference of number of hospitalization and 

hospitalization cost per utilization were much less. Additionally, as the number of 

chronic diseases increases, the difference of total cost, outpatient cost, ED service cost, 

length of stay, and cost per each utilization for outpatient, hospitalization, and ED 

services between practicing health behavior or not were much greater. The results of 

EXP(ß) in healthcare cost and utilization of subgroup analysis of independent variables 

in are presented in supplementary Table 5. 
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Table 16. Results of generalized estimating equation (GEE) for the analysis the effect of practicing health behavior 

on healthcare cost and utilization stratified by independent variables (in cost and frequency)* 

Variables 

Practicing health behavior 

Yes 

No 

Healthcare cost 

Total cost Outpatient cost Hospitalization cost ED service cost 

Estimate S.E P-value Estimate S.E P-value Estimate S.E P-value Estimate S.E P-value 

Age (years)                           

<60 Ref. 287,665  137,890  0.0370  55,587  66,137  0.4006  227,384  111,296  0.0410  4,694  1,465  0.0014  

60-69 Ref. 377,902  144,590  0.0090  79,354  61,757  0.1988  297,292  121,685  0.0146  1,257  1,783  0.4806  

≥70 Ref. 506,920  115,352  <.0001 69,563  49,740  0.1620  431,561  93,823  <.0001 5,796  2,078  0.0053  

Sex                           

Men Ref. 191,624  180,614  0.2887  -9,167  94,091  0.9224  196,856  129,851  0.1295  3,935  2,433  0.1059  

Women Ref. 479,298  85,372  <.0001 87,273  34,163  0.0106  387,828  72,541  <.0001 4,197  1,411  0.0029  

Region                           

Urban Ref. 369,535  114,508  0.0013  95,538  53,445  0.0738  269,413  91,088  0.0031  4,584  1,771  0.0096  

Rural Ref. 454,286  103,335  <.0001 56,549  42,087  0.1791  393,656  86,752  <.0001 4,081  1,692  0.0159  

Charlson comorbidity index                           

0 Ref. 377,830  62,913  <.0001 42,844  28,308  0.1302  332,732  51,041  <.0001 2,254  1,115  0.0433  

1 Ref. 391,809  149,748  0.0089  56,092  48,689  0.2493  328,755  135,019  0.0149  6,962  2,786  0.0124  

≥2 Ref. 683,827  657,928  0.2986  363,383  342,391  0.2885  309,765  486,105  0.5240  10,679  8,422  0.2048  

The number of chronic diseases                           

1 Ref. 172,853  110,752  0.1186  -31,138  49,139  0.5263  202,433  89,585  0.0238  1,558  1,544  0.3128  

2 Ref. 481,240  109,624  <.0001 142,572  61,395  0.0202  335,032  76,982  <.0001 3,636  1,924  0.0588  

≥3 Ref. 661,753  198,839  0.0009  107,775  62,883  0.0865  545,057  180,102  0.0025  8,922  3,421  0.0091  

*Adjusted by variables including age, sex, marital status, economic activity status, educational level, household income, medical aid, Charlson comorbidity index, body 
mass index, and medication adherence. 

Abbreviation: ED Emergency Department                   
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Table 16. Results of generalized estimating equation (GEE) for the analysis the effect of practicing health behavior 

on healthcare cost and utilization stratified by independent variables (in cost and frequency) (continued)* 

Variables 

Practicing health behavior 

Yes 

No 

Healthcare utilization 

Outpatient visit Number of hospitalizations Length of stay ED visit 

Estimate S.E P-value Estimate S.E P-value Estimate S.E P-value Estimate S.E P-value 

Age (years)                           

<60 Ref. -2.661  1.526  0.0812  0.048  0.032  0.1315  0.929  0.539  0.0848  0.024  0.023  0.3058  

60-69 Ref. -0.029  1.108  0.9794  0.066  0.034  0.0507  0.958  0.741  0.1962  0.028  0.011  0.0070  

≥70 Ref. 3.218  1.165  0.0057  0.088  0.024  0.0002  1.960  0.326  <.0001 0.043  0.013  0.0007  

Sex                           

Men Ref. 0.346  1.833  0.8503  0.035  0.045  0.4390  0.219  0.979  0.8227  0.047  0.014  0.0011  

Women Ref. 1.592  0.821  0.0524  0.086  0.018  <.0001 1.747  0.285  <.0001 0.034  0.010  0.0004  

Region                           

Urban Ref. 0.945  1.134  0.4044  0.058  0.028  0.0367  0.797  0.579  0.1685  0.032  0.010  0.0009  

Rural Ref. 1.355  1.004  0.1770  0.086  0.022  <.0001 1.874  0.348  <.0001 0.038  0.011  0.0008  

Charlson comorbidity index                           

0 Ref. 0.988  0.833  0.2359  0.090  0.013  <.0001 1.401  0.244  <.0001 0.031  0.007  <.0001 

1 Ref. 2.049  1.487  0.1681  0.058  0.040  0.1504  0.867  0.868  0.3179  0.026  0.022  0.2384  

≥2 Ref. 1.150  3.312  0.7284  -0.034  0.129  0.7929  3.343  1.614  0.0384  0.087  0.042  0.0387  

The number of chronic 

diseases 
                          

1 Ref. -2.108  1.094  0.0539  0.036  0.026  0.1668  0.328  0.514  0.5237  0.016  0.012  0.2035  

2 Ref. 3.260  1.190  0.0062  0.125  0.023  <.0001 2.211  0.407  <.0001 0.052  0.013  <.0001 

≥3 Ref. 2.615  1.734  0.1314  0.048  0.044  0.2782  1.737  0.683  0.0110  0.040  0.016  0.0114  

*Adjusted by variables including age, sex, marital status, economic activity status, educational level, household income, medical aid, Charlson comorbidity index, body 

mass index, and medication adherence. 

Abbreviation: ED Emergency Department 
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Table 16. Results of generalized estimating equation (GEE) for the analysis the effect of practicing health 

behavior on healthcare cost and utilization stratified by independent variables (in cost and frequency) 

(continued)* 

Variables 

Practicing health behavior  

Yes 

No  

Cost per utilization  

Outpatient cost Hospitalization cost ED service cost  

Estimate S.E P-value Estimate S.E P-value Estimate S.E P-value  

Age (years)                      

<60 Ref. 2,165  3,032  0.4751  111,600  59,579  0.0610  2,817  762  0.0002   

60-69 Ref. 1,819  1,820  0.3175  129,693  55,158  0.0187  635  1,338  0.6354   

≥70 Ref. -954  1,055  0.3657  242,417  55,054  <.0001 2,510  1,277  0.0494   

Sex                      

Men Ref. -2,138  2,322  0.3573  130,662  71,539  0.0678  1,962  1,826  0.2826   

Women Ref. 924  957  0.3345  195,689  39,581  <.0001 2,088  888  0.0187   

Region                      

Urban Ref. 558  1,263  0.6588  132,900  53,640  0.0132  2,372  1,119  0.0340   

Rural Ref. 525  1,222  0.6672  203,867  45,514  <.0001 2,056  1,123  0.0671   

Charlson comorbidity index                      

0 Ref. 612  888  0.4908  189,295  35,320  <.0001 1,744  751  0.0202   

1 Ref. -815  1,377  0.5541  152,649  76,114  0.0449  3,492  2,148  0.1040   

≥2 Ref. 3,971  7,723  0.6072  100,286  217,221  0.6443  943  4,815  0.8447   

The number of chronic diseases                      

1 Ref. -364  1,604  0.8206  102,631  50,558  0.0424  1,233  1,114  0.2683   

2 Ref. 439  1,231  0.7215  163,524  50,074  0.0011  1,890  1,323  0.1533   

≥3 Ref. 2,036  2,115  0.3358  311,399  91,485  0.0007  3,614  1,958  0.0650   

*Adjusted by variables including age, sex, marital status, economic activity status, educational level, household income, medical aid, Charlson comorbidity index, 

body mass index, and medication adherence. 
 

Abbreviation: ED Emergency Department   
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V. Discussion 

 

1. Discussion of the Study Methods 

 

This study is aimed to investigate the impacts of practicing health behavior on 

unmet needs, healthcare costs and utilization among patients with four of the most 

frequently occurring chronic diseases. This study determined that patients, who had 

chronic diseases and did not practice health behavior, tended to experience unmet needs, 

spent more money for healthcare utilization, and visit clinics or hospital more frequent 

than those who practice health behavior. There are several strengths to this study. 

First, this study identified the impact of whether patients with chronic diseases 

who did not practice health behavior on unmet needs, healthcare costs and utilization 

through the KHPS, which is designed to collect basic data on healthcare cost and 

utilization. Therefore, we believe it is a suitable dataset for this study and that the results 

of the study are representative of the Korean population. Second, since we excluded 

participants who had missing data during the study period (2014-2017), the study did 

not require assumptions about missing variables; hence, the findings accurately explain 

the impact of practicing health behavior on unmet needs and healthcare cost and 

utilization. 
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Third, the results may be universally applicable because the chronic diseases 

included in this study were the four most frequent diseases among the participants of 

KHPS. Moreover, the CCI score and number of and chronic diseases were included as 

covariates to account for the severity of individual diseases. In addition, subgroup 

analysis showed the impact of practicing health behaviors on patients with chronic 

diseases on the reasons for unmet needs, and determined the impact on the unmet needs, 

healthcare costs and utilization according to the type of practicing health behavior. 

Finally, since the health behaviors included in this study were analyzed by 

classifying whether all three health behaviors (no smoking, no high-risk drinking, and 

moderate or greater exercising) were practiced simultaneously, we could determine 

how practicing multiple health behaviors at the same time can affect unmet needs, 

healthcare cost and healthcare utilization. When distinguishing the practicing health 

behavior group, whether each health behavior was practiced or not, in addition to the 

intensity of practicing each behavior was considered as well. Moreover, the subjects 

who practiced individual behaviors at a certain level or not were considered and 

analyzed separately. 

Despite the advantages, this study has some limitations. First, since this study 

was an observational study, it was more difficult to control the subjects and the results 

may be less reliable than RCT that compare results between intervention and control 

groups. Similarly, the findings may have been under-represented as there may have 
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been other factors involved (e.g., poor health, secondhand smoking, and other 

environmental changes, etc.) in subjects who may not have practiced health behaviors 

at first but practiced them later. Second, healthcare cost and utilization may have been 

overestimated or underestimated, depending on whether the comorbid diseases were 

causative, interrelated, or unrelated to the target diseases.49 Therefore, we attempted to 

control for this by including the number of CCI and chronic diseases in the covariates 

for individual severity correction, and we identified the combined effect of these factors 

and health behavior practice through subgroup analysis. 

Third, the study did not include dietary conditions, one of the main health 

behaviors due to data limitations. Therefore, we added BMI as a covariate in this study, 

because BMI can indicate the obesity status of participants.72 Fourth, for continuous 

follow-up observations, the data of the excluded subjects may affect the results of the 

study, although this usually results in omitted bias. However, since imputation for 

missing values can differ from real data, the analysis results can be accurate using only 

target data with all trace data.73 Fifth, practicing health behavior may not be a good 

way to promote health status for some patients. For example, diabetes patients with a 

diabetic foot should be really careful for exercising, so they cannot practice physical 

activity. 

Finally, due to data limitation, it is not clear whether the patients experienced 

actual improved clinical outcomes. Furthermore, we could not accurately discern 
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whether the people practicing health behaviors visited clinics and hospitals due to 

deterioration of health or as a part of periodic health checkups. 
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2. Discussion of the Results 

 

 This study has three dependent variables: unmet needs, healthcare costs, and 

healthcare utilization. First, we discuss the results related to unmet needs.  

 

1) Unmet Needs 

 

GEE analyses showed that the participants who did not practice health 

behaviors experienced unmet needs 1.24 times more than those practicing health 

behaviors, and this result had statistical significance. This means that those who 

practiced health behavior, received fewer medical services than needed. This study was 

conducted on patients with chronic diseases, and previous studies have shown that the 

worse the subjective health condition, the higher the unmet needs.74 In addition, a study 

showed that those who practiced health behaviors experienced improved self-efficacy 

and decreased health distress than those who did not. This leads to better subjective 

health status and decreases the likelihood of experiencing unmet needs.12 Moreover, 

the impact of a particular type of health behavior on unmet needs, does not yield a 

complete linear relationship. However, those who did not practice health behaviors 

experienced a significant increase in unmet needs, compared with those who did 

practice all three health behaviors. This result can also be identified in a similar context 

to the previous one. 
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When we determined the impact of practicing health behaviors on the reasons 

for unmet needs, it showed a statistically significant association with the failure to 

receive medical services because of financial problems. This is believed to be the result 

of a combination of factors. First, unmet needs because of financial problems tend to 

increase with age,7 and older age generally witnesses a higher prevalence of chronic 

diseases.3 Additionally, higher socioeconomic deprivation levels are associated without 

health behavior, which leads to poor health outcomes.75 The subgroup analysis also 

revealed a greater association between old age and lower income levels with the 

experience of unmet needs. Additionally, this study found that patients with chronic 

diseases were more likely to experience unmet needs if they did not practice health 

behaviors—this could result from low socioeconomic status among patients with 

chronic diseases. 

Regarding the effect of practicing health behaviors on unmet needs based on 

the type of chronic disease, patients with hypertension only and patients with both 

hypertension and diabetes were more likely to experience unmet needs if they did not 

practice health behaviors. We would like to look at the reasons for this in connection 

with the chronic disease management project. Hypertension and diabetes are the most 

common chronic diseases in South Korea. The primary chronic disease management 

pilot project, which was based on the CCM to provide comprehensive community-

oriented prevention services for these two diseases, has been carried out since 2014.76 
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Although this project has achieved results such as increased continuity of care, 

increased primary healthcare utilization, and improved clinical outcomes for 

participants, the limitations included low rate of education completion, low enrollment 

rate of patients under 65 years of age, and insufficient role establishment of 

participating medical institutions.77 Studies have shown that CCM has improved health 

conditions and reduced healthcare utilization of participants,65,78,79 but problems such 

as lack of connections between the central government and the community, lack of 

integrated management, and ambiguity of professionals’ roles resulted in unmet needs 

for patient with hypertension or diabetes.77 In addition, there is a possibility that 

patients with chronic diseases experience unmet needs because continuous 

management such as correction of unhealthy habits has not been carried out.80 

According to the independent variable subgroup analysis, the higher the CCI 

score and the number of chronic diseases, the greater the difference in unmet needs 

between those who did and did not practice health behavior. The CCI score indicates 

the severity of comorbidities, and the higher the score, the greater the utilization of 

healthcare services; thus, it was unrelated to unmet medical needs.74 However, this 

study found that the experience of unmet needs is higher in the non-practicing health 

behavior group than in the practicing health behavior group, implying that practicing 

health behavior can reduce both medical needs and the occurrence of unmet needs.  
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2) Healthcare Cost and Utilization  

 

In the baseline year (2014), the number of outpatient visits and outpatient 

service costs were higher in the practicing health behavior group than in the non-

practicing health behavior group, but the trend within the study period confirmed that, 

healthcare cost and utilization were higher in the non-practicing health behavior group.  

Moreover, healthcare cost and healthcare utilization were higher in participants 

who did not practice health behavior than those who practiced health behavior were 

statistically significant difference were seen in the following: total cost, outpatient cost, 

hospitalization cost, ED service cost, cost per utilization for hospitalization and ED 

services, the number of hospitalizations, length of stay, and number of ED visits. These 

results are consistent with those of other studies that determined the effects of disease 

management program among patients with chronic diseases. Several studies showed 

that participants who had attended such programs had significantly fewer ED visits and 

inpatient admission; they also had fewer outpatient visits, although the difference was 

not significant.59,65,81,82 

Regarding impact of the type of practicing health behavior on healthcare cost 

and utilization, those who only did not practice moderate or greater exercise among the 

three health behaviors had higher in outpatient cost and outpatient visits than those who 

practiced all the three health behaviors. The results of several studies that determined 
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the effects of physical activity programs are in consensus with back up our results. A 

study that conducted a physical activity program in patients with diabetes revealed that 

there was a trend toward lower healthcare cost in members with greater participation.83 

Another study that determined the differences in healthcare cost and utilization 

between intervention and control groups of a physical activity program showed more 

outpatient visits and greater healthcare costs in the control group.84 

In this study, participants who both smoked and did not practice physical 

activity had higher healthcare cost and utilization; in particular, they had the greatest 

amount of total cost and longest length of stay among participants with different types 

of health behaviors. Smoking is associated with increased economic burden worldwide. 

The healthcare cost due to smoking-attributable diseases accounts for 1.8% of the 

world’s annual gross domestic product, and it is especially high in developing 

countries.85 To reduce external costs due to bad health behaviors, it is necessary to 

create a sustainable and appropriate lifestyle improvement program for suitable 

subjects through prior researches.54 

When participants were stratified by chronic disease type, those who had 

hypertension and diabetes simultaneously had significantly higher total healthcare 

costs, outpatient costs, and length of stay. Given that these patients were also associated 

with unmet needs; they had experienced unmet needs despite frequent visits to clinics 

or hospitals. According to a previous study, since the implementation of primary-care 
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oriented chronic disease management project,86 patients with low-severity 

hypertension and diabetes were more likely to use primary medical services rather than 

visit general hospitals. This increased access to healthcare services, and, as a result, 

healthcare utilization. However, due to a lack of systematic management programs, it 

may have increased patients’ unmet needs. 

In the subgroup analysis stratified by independent variables, older age was 

associated with greater differences in healthcare costs and utilization between those 

who practiced health behaviors and those who did not. The results suggest that the older 

a person is, the better their lifestyle and the lower the incidence of unnecessary 

healthcare costs and utilization.87 Additionally, the rural population had greater 

disparities in healthcare costs and utilization between those who practiced health 

behaviors and those who did not practice health behavior than urban population. The 

results are likely to be related to the prevalence of chronic diseases and regional health 

inequity in South Korea. According to previous research, multimorbidity was more 

prevalent in rural than in urban areas,88 and in cases of less practiced health behaviors 

at higher area deprivation levels.89 In terms of disease severity, the differences in 

healthcare cost and utilization were greatest depending on whether health behaviors 

were practiced when the number of comorbid chronic diseases and the CCI score 

increased. This presupposes that improving a healthy lifestyle can sufficiently reduce 

healthcare costs and utilization. 



82 
 

3. Policy Implications 

 

 Chronic disease is a growing concern in public health globally. In many 

countries, the established chronic disease management models are expanded and 

modified to meet the actual conditions of each national healthcare system. Through 

RCT studies, the effectiveness of individual and community level chronic disease 

management programs has been proven.57,59,60 In South Korea, eight out of the top 10 

causes of death were accounted for by chronic diseases,4 and the prevalence of multiple 

chronic diseases and healthcare costs due to chronic diseases are steadily increasing.2 

However, only patients with hypertension and diabetes are included in the primary 

care-based chronic disease management program; moreover, this program is currently 

being operated only as a pilot project.76,77 

 The reasons for implementing a successful program for community-based 

chronic disease management are as follows: a well-established single organization; 

province-wide and integrated approach for evaluating regional programs; disease-

spanning approaches; multi-method approach to program entry; and systematic 

assessment for diverse and vulnerable populations.65 Among the previously mentioned 

factors, the disease-spanning approach is noteworthy. In addition to managing 

hypertension and diabetes in chronic diseases, managing multiple chronic conditions 

concurrently through an integrated treatment system may reduce care duplication, 
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leading to better patient-centered clinical outcomes.63,78,79 

 However, motivating South Korean patients is difficult due to a lack of 

institutional strategies for integrative care systems. Thus, for effective and coordinated 

chronic disease management, it is necessary to broaden the scope of diseases 

corresponding to the primary care-oriented chronic disease management program—

currently operated as a pilot project—and to provide accurate guidelines at the 

individual, community, and national levels. It is also necessary to provide health 

practitioners with regular education and training to improve communication with 

patients and the delivery of professional advice. Moreover, it is necessary to lay the 

foundation for not only patients, but also physicians and healthcare providers, to 

actively participate in improving health outcomes  through a multidisciplinary 

approach.  
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VI. Conclusion 

 

In this study, we found that patients with chronic diseases and did not practice 

health behavior, tended to experience unmet needs, spent more money, and utilized 

healthcare services more frequently, than those who practice health behavior. In 

addition, specific health behaviors and specific chronic diseases had more association 

with unmet needs, higher healthcare costs and utilization. Moreover, financial reasons 

for experiencing unmet needs were more likely to occur in those who did not practice 

health behaviors. 

Although there are some limitations to our study, we believe that this study 

may be significantly implicated in the social, political, and economical context, by 

increasing awareness of the relationship between practicing health behavior, unmet 

needs, healthcare cost and utilization. Thus, there is a need to further explore the impact 

of the current chronic disease management program and develop an integrated, 

sustainable, and multidimensional program. Furthermore, it is necessary to conduct 

RCT in South Koreans to demonstrate the effectiveness of such programs and 

interventions. 
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Abbreviations 

 

CDSMP Chronic Disease Self-Management Program 

RCT Randomized Clinical Trial  

CCM  Chronic Care Model  

KHPS Korea Health Panel Survey  

ED Emergency Department  

CCI Charlson Comorbidity Index  

BMI Body Mass Index  

GEE Generalized Estimating Equation  

SMK Present smoking 

DRK Belonging to high-risk drinking group 

EXC Exercising moderate or greater 
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Appendix 1. General characteristics of the study population's healthcare cost and utilization at the 2014 baseline 

Variables N % 

Healthcare cost 

Total cost Outpatient cost Hospitalization cost ED services cost 

Mean ± SD P-value Mean ± SD P-value Mean ± SD P-value Mean ± SD P-value 

Total 4,069  100.0 1,510,651  ± 3,127,894    884,199  ± 1,416,841    619,566  ± 2,567,231    6,886  ± 69,217    

Practicing health behavior           0.1100        <.0001       0.4923        0.4441  

Yes 972  23.9 1,396,827  ± 2,317,237    951,528  ± 1,350,553    442,198  ± 1,721,278    3,101  ± 28,762    

No 3,097  76.1 1,546,374  ± 3,341,548    863,067  ± 1,436,576    675,233  ± 2,778,064    8,074  ± 77,652    

Age (years)           0.0003        <.0001       0.1511        0.0268  

<60 1,090  26.8 1,171,148  ± 2,536,995    681,977  ± 1,089,225    484,367  ± 2,140,855    4,804  ± 40,430    

60-69 1,293  31.8 1,561,828  ± 3,809,808    951,233  ± 1,703,851    606,453  ± 3,163,675    4,142  ± 42,191    

≥70 1,686  41.4 1,690,891  ± 2,867,425    963,527  ± 1,348,138    717,029  ± 2,292,048    10,335  ± 95,524    

Sex           0.0011       <.0001       0.1786       0.4244 

Men 1,689  41.5 1,325,761  ± 2,858,210    759,759  ± 1,444,914    558,047  ± 2,166,855    7,955  ± 78,076    

Women 2,380  58.5 1,641,860  ± 3,300,271    972,509  ± 1,390,138    663,224  ± 2,816,688    6,127  ± 62,176    

Marital Status           0.8952       0.7540        0.9748       0.4553 

Living with spouse 2,973  73.1 1,507,246  ± 3,345,888    880,687  ± 1,539,815    620,248  ± 2,727,260    6,311  ± 61,445    

Living without spouse 1,096  26.9 1,519,886  ± 2,441,760    893,726  ± 1,011,091    617,717  ± 2,072,936    8,444  ± 86,882    

Region           0.4027       0.9580        0.2883       0.5800  

Urban 1,570  38.6 1,460,721  ± 2,816,976    885,705  ± 1,498,214    568,888  ± 2,126,209    6,128  ± 69,681    

Rural 2,499  61.4 1,542,019  ± 3,308,481    883,252  ± 1,363,543    651,405  ± 2,809,058    7,362  ± 68,934    

Educational level           <.0001       <.0001       0.0026       0.0440 

Middle school or less 2,504  61.5 1,706,767  ± 3,416,906    972,106  ± 1,508,155    725,683  ± 2,854,737    8,978  ± 82,941    

High school 1,046  25.7 1,231,982  ± 2,585,452    738,188  ± 993,634    489,584  ± 2,227,156    4,209  ± 42,743    

College or over 519  12.8 1,126,090  ± 2,538,266    754,350  ± 1,638,678    369,555  ± 1,490,554    2,185  ± 25,324    

Economic activity status           <.0001       <.0001       0.0014       0.0007 

Yes 2,070  50.9 1,266,527  ± 2,509,633    770,918  ± 1,170,392    492,404  ± 2,033,154    3,204  ± 30,297    

No 1,999  49.1 1,763,445  ± 3,643,110    1,001,503  ± 1,625,319    751,244  ± 3,017,308    10,698  ± 93,678    

Household income (quintile)           0.1088       0.0492       0.1870        0.5491 

Lowest 1,137  27.9 1,581,483  ± 2,744,892    917,870  ± 1,365,194    655,975  ± 2,216,946    7,638  ± 75,004    

Mid-low 927  22.8 1,661,959  ± 3,863,731    924,557  ± 1,489,363    727,707  ± 3,334,971    9,695  ± 75,776    

Middle 807  19.8 1,479,681  ± 2,854,774    945,520  ± 1,791,872    528,471  ± 1,887,807    5,690  ± 84,295    

Mid-high 641  15.8 1,449,112  ± 3,269,905    767,735  ± 1,123,599    676,093  ± 2,885,396    5,285  ± 45,971    

Highest 557  13.7 1,229,931  ± 2,659,170    793,483  ± 1,021,331    432,199  ± 2,198,427    4,249  ± 35,171    

Abbreviation: ED Emergency Department 
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Appendix 1. General characteristics of the study population's healthcare cost and utilization at the 2014 baseline 

(continued) 

Variables N % 

Healthcare cost 

Total cost Outpatient cost Hospitalization cost ED services cost 

Mean ± SD P-value Mean ± SD P-value Mean ± SD P-value Mean ± SD P-value 

Total 4,069  100.0 1,510,651  ± 3,127,894    884,199  ± 1,416,841    619,566  ± 2,567,231    6,886  ± 69,217    

Medical aid           0.1962       0.5580        0.0742        0.0601 

Yes 220  5.4 1,775,743  ± 3,146,203    829,771  ± 1,403,502    920,083  ± 2,687,798    25,889  ± 157,045    

No 3,849  94.6 1,495,498  ± 3,126,576    887,310  ± 1,417,717    602,389  ± 2,559,467    5,799  ± 60,328    

Private health insurance           <.0001       <.0001       0.0198       0.0005 

Yes 576  14.2 1,082,451  ± 2,478,340    660,937  ± 981,112    419,321  ± 2,147,481    2,194  ± 22,626    

No 3,493  85.8 1,581,261  ± 3,217,284    921,015  ± 1,473,256    652,587  ± 2,628,826    7,659  ± 74,113    

Charlson comorbidity index           <.0001       <.0001       <.0001       0.0003 

0 2,715  66.7 1,085,227  ± 1,996,034    716,604  ± 945,626    364,778  ± 1,639,410    3,846  ± 51,234    

1 1,004  24.7 1,703,347  ± 2,838,528    939,940  ± 998,079    751,149  ± 2,514,994    12,259  ± 102,293    

≥2 350  8.6 4,257,957  ± 7,128,663    2,024,361  ± 3,471,481    2,218,541  ± 5,884,245    15,055  ± 71,685    

The number of chronic diseases           <.0001       <.0001       0.0003       0.0187 

1 2,092  51.4 1,322,291  ± 2,870,238    754,985  ± 1,381,141    562,845  ± 2,285,544    4,461  ± 56,993    

2 1,364  33.5 1,532,883  ± 2,700,304    989,854  ± 1,547,686    535,285  ± 2,014,743    7,744  ± 65,138    

≥3 613  15.1 2,103,998  ± 4,491,229    1,090,075  ± 1,169,183    1,000,674  ± 4,092,470    13,250  ± 106,003    

Body mass index(kg/m2)           0.0824       0.0320       0.4467        0.1784  

Underweight & Normal range 1,510  37.1 1,645,749  ± 3,558,603    952,319  ± 1,506,319    684,585  ± 3,019,306    8,845  ± 74,397    

Overweight 1,197  29.4 1,478,159  ± 2,987,665    878,471  ± 1,458,374    595,760  ± 2,425,533    3,928  ± 35,752    

Obese 1,362  33.5 1,389,427  ± 2,706,050    813,710  ± 1,267,004    568,404  ± 2,100,971    7,313  ± 83,953    

Medication adherence           0.0026        0.0018        0.0885        0.3679  

Good 3,410  83.8 1,584,742  ± 3,273,714    918,842  ± 1,429,780    658,443  ± 2,711,505    7,457  ± 74,036    

Poor 358  8.8 1,152,817  ± 1,909,815    715,560  ± 897,672    431,469  ± 1,502,540    5,788  ± 45,228    

Not applicable 301  7.4 1,096,870  ± 2,481,268    692,303  ± 1,716,885    402,849  ± 1,740,769    1,718  ± 14,637    

Abbreviation: ED Emergency Department 
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Appendix 1. General characteristics of the study population's healthcare cost and utilization at the 2014 baseline 

(continued) 

 

Variables N % 

Healthcare utilization     

Outpatient visit Number of hospitalizations Length of stay ED visit     

Mean ± SD P-value Mean ± SD P-value Mean ± SD P-value Mean ± SD P-value     

Total 4,069 100.0 33.391 ± 32.523  0.258 ± 0.699  2.434 ± 12.348  0.081 ± 0.431      

Practicing health behavior      <.0001    0.0001    0.4643    0.2209     

Yes 972 23.9 35.824 ± 29.785  0.193 ± 0.544  1.685 ± 6.837  0.047 ± 0.272      

No 3,097 76.1 32.627 ± 33.303  0.279 ± 0.740  2.669 ± 13.619  0.092 ± 0.470      

Age (years)      <.0001    0.0001    0.6118    0.0437     

<60 1,090 26.8 23.528 ± 24.079  0.203 ± 0.630  2.508 ± 17.619  0.061 ± 0.357      

60-69 1,293 31.8 31.049 ± 27.325  0.223 ± 0.643  2.331 ± 11.859  0.066 ± 0.427      

≥70 1,686 41.4 41.563 ± 38.372  0.321 ± 0.774  2.464 ± 7.723  0.106 ± 0.475      

Sex      <.0001    0.0667    0.17    0.0785     

Men 1,689 41.5 28.500 ± 31.510  0.235 ± 0.636  2.118 ± 12.489  0.097 ± 0.533      

Women 2,380 58.5 36.861 ± 32.790  0.275 ± 0.740  2.658 ± 12.246  0.071 ± 0.341      

Marital Status      <.0001    0.0395    0.1199    0.3148     

Living with spouse 2,973 73.1 31.443 ± 30.845  0.244 ± 0.676  2.196 ± 9.542  0.077 ± 0.440      

Living without spouse 1,096 26.9 38.672 ± 36.181  0.297 ± 0.757  3.079 ± 17.855  0.092 ± 0.407      

Region      0.0003    0.2677    0.0455    0.3130     

Urban 1,570 38.6 31.133 ± 29.496  0.243 ± 0.656  2.006 ± 7.499  0.073 ± 0.449      

Rural 2,499 61.4 34.809 ± 34.217  0.268 ± 0.725  2.702 ± 14.588  0.087 ± 0.420      

Educational level      <.0001    <.0001    0.0085    0.0012     

Middle school or less 2,504 61.5 38.328 ± 34.938  0.299 ± 0.754  2.839 ± 12.209  0.100 ± 0.507      

High school 1,046 25.7 26.459 ± 26.000  0.211 ± 0.639  2.133 ± 14.626  0.058 ± 0.283      

College or over 519 12.8 23.539 ± 27.061  0.156 ± 0.494  1.083 ± 6.546  0.037 ± 0.225      

Economic activity status      <.0001    <.0001    0.0007    0.0003     

Yes 2,070 50.9 28.212 ± 26.795  0.207 ± 0.581  1.779 ± 7.077  0.058 ± 0.383      

No 1,999 49.1 38.753 ± 36.790  0.312 ± 0.800  3.112 ± 16.053  0.106 ± 0.474      

Household income (quintile)      <.0001    0.0302    0.0350    0.0243     

Lowest 1,137 27.9 40.250 ± 37.223  0.291 ± 0.746  3.312 ± 18.963  0.092 ± 0.393      

Mid-low 927 22.8 36.236 ± 34.383  0.284 ± 0.741  2.328 ± 10.097  0.113 ± 0.621      

Middle 807 19.8 31.383 ± 30.897  0.244 ± 0.639  1.970 ± 6.723  0.067 ± 0.399      

Mid-high 641 15.8 26.518 ± 23.318  0.246 ± 0.688  2.448 ± 9.696  0.062 ± 0.300      

Highest 557 13.7 25.470 ± 26.391  0.183 ± 0.614  1.472 ± 5.878  0.048 ± 0.253      

Abbreviation: ED Emergency Department     
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Appendix 1. General characteristics of the study population's healthcare cost and utilization at the 2014 baseline 

(continued) 

Variables N % 

Healthcare utilization    

Outpatient visit Number of hospitalizations Length of stay ED visit    

Mean ± SD P-value Mean ± SD P-value Mean ± SD P-value Mean ± SD P-value    

Total 4,069 100.0 33.391 ± 32.523  0.258 ± 0.699  2.434 ± 12.348  0.081 ± 0.431     

Medical aid      <.0001    0.0212    0.0375    0.0010    

Yes 220 5.4 48.077 ± 43.456  0.386 ± 0.850  4.118 ± 11.510  0.232 ± 0.700     

No 3,849 94.6 32.551 ± 31.586  0.251 ± 0.689  2.338 ± 12.389  0.073 ± 0.409     

Private health insurance      <.0001    <.0001    0.0004    <.0001    

Yes 576 14.2 22.382 ± 20.955  0.156 ± 0.514  1.439 ± 5.835  0.033 ± 0.197     

No 3,493 85.8 35.206 ± 33.714  0.275 ± 0.724  2.598 ± 13.109  0.089 ± 0.458     

Charlson comorbidity index      <.0001    <.0001    <.0001    <.0001    

0 2,715 66.7 29.829 ± 28.366  0.176 ± 0.537  1.546 ± 8.654  0.042 ± 0.255     

1 1,004 24.7 37.446 ± 36.419  0.316 ± 0.760  3.038 ± 11.556  0.131 ± 0.635     

≥2 350 8.6 49.386 ± 43.094  0.729 ± 1.229  7.586 ± 27.883  0.240 ± 0.677     

The number of chronic diseases      <.0001    0.0087    <.0001    0.1001    

1 2,092 51.4 27.747 ± 27.662  0.234 ± 0.671  1.920 ± 7.233  0.068 ± 0.370     

2 1,364 33.5 37.554 ± 34.093  0.262 ± 0.692  2.284 ± 11.318  0.100 ± 0.542     

≥3 613 15.1 43.387 ± 39.749  0.333 ± 0.796  4.519 ± 23.328  0.086 ± 0.334     

Body mass index(kg/m2)      0.0002    0.1477    0.9466    0.0532    

Underweight & Normal range 1,510 37.1 36.054 ± 37.336  0.285 ± 0.731  2.369 ± 9.429  0.103 ± 0.458     

Overweight 1,197 29.4 32.578 ± 29.551  0.236 ± 0.688  2.422 ± 14.496  0.069 ± 0.474     

Obese 1,362 33.5 31.152 ± 28.898  0.248 ± 0.672  2.516 ± 13.135  0.068 ± 0.352     

Medication adherence      <.0001    0.0139    0.1895    0.1693    

Good 3,410 83.8 35.256 ± 33.492  0.272 ± 0.722  2.588 ± 13.252  0.084 ± 0.414     

Poor 358 8.8 27.791 ± 24.886  0.173 ± 0.483  1.712 ± 5.553  0.089 ± 0.659     

Not applicable 301 7.4 18.920 ± 23.918  0.203 ± 0.639  1.542 ± 5.812  0.037 ± 0.235     

Abbreviation: ED Emergency Department    
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Appendix 1. General characteristics of the study population's healthcare cost and utilization at the 2014 baseline 

(continued) 

Variables 

Cost per utilization 

Outpatient cost Hospitalization cost ED services cost 

Mean ± SD P-value Mean ± SD P-value Mean ± SD P-value 

Total 27,843  ± 40,339    418,588  ± 1,521,717    4,512  ± 47,772    

Practicing health behavior       0.0034        0.0728        0.2112  
Yes 28,096  ± 38,006    341,785  ± 1,432,613    2,130  ± 20,138    

No 27,764  ± 41,050    442,693  ± 1,548,062    5,260  ± 53,564    

Age (years)       0.0005        0.0252        0.0340  
<60 30,253  ± 52,549    317,703  ± 1,257,650    3,296  ± 27,534    

60-69 29,729  ± 39,627    398,520  ± 1,618,824    2,811  ± 32,290    

≥70 24,839  ± 30,403    499,200  ± 1,595,453    6,603  ± 64,905    

Sex       0.0540        0.9713       0.8538 

Men 26,469  ± 32,905    419,606  ± 1,552,711    4,673  ± 44,664    

Women 28,818  ± 44,856    417,866  ± 1,499,660    4,398  ± 49,868    

Marital Status       0.0060        0.5166       0.4976  

Living with spouse 28,776  ± 42,810    427,186  ± 1,592,361    4,108  ± 36,403    

Living without spouse 25,312  ± 32,596    395,264  ± 1,311,450    5,609  ± 69,856    

Region       0.2396       0.6207       0.3337 

Urban 28,757  ± 37,125    403,943  ± 1,451,547    3,678  ± 35,522    

Rural 27,269  ± 42,231    427,789  ± 1,564,408    5,036  ± 54,067    

Educational level       0.3170        0.0021       0.1782 

Middle school or less 27,187  ± 42,554    484,681  ± 1,646,012    5,547  ± 54,723    

High school 28,347  ± 32,621    315,396  ± 1,276,278    3,388  ± 38,054    
College or over 29,992  ± 43,305    307,687  ± 1,323,814    1,782  ± 22,710    

Economic activity status       0.2250        0.0437       0.0032 

Yes 28,593  ± 46,920    371,297  ± 1,502,521    2,318  ± 24,572    
No 27,067  ± 32,129    467,558  ± 1,540,188    6,784  ± 63,333    

Household income (quintile)       0.0002       0.0578       0.5090  

Lowest 24,791  ± 40,108    452,650  ± 1,570,819    6,014  ± 69,062    
Mid-low 25,821  ± 27,007    479,489  ± 1,769,000    5,301  ± 41,375    

Middle 28,549  ± 37,413    396,508  ± 1,424,190    2,432  ± 30,548    
Mid-high 30,577  ± 57,432    443,339  ± 1,536,807    4,429  ± 41,788    

Highest 33,270  ± 38,910    251,207  ± 996,039    3,242  ± 26,921    

Abbreviation: ED Emergency Department 
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Appendix 1. General characteristics of the study population's healthcare cost and utilization at the 2014 baseline 

(continued) 

Variables 

Cost per utilization 

Outpatient cost Hospitalization cost ED services cost 

Mean ± SD P-value Mean ± SD P-value Mean ± SD P-value 

Total 27,843  ± 40,339    418,588  ± 1,521,717    4,512  ± 47,772    

Medical aid       0.0008       0.0757       0.0931 
Yes 19,013  ± 40,582    660,163  ± 2,092,961    20,655  ± 149,852    

No 28,348  ± 40,272    404,780  ± 1,481,614    3,590  ± 33,449    

Private health insurance       0.3358       0.0239       0.0125 
Yes 29,241  ± 37,039    299,058  ± 1,336,115    1,892  ± 20,814    

No 27,613  ± 40,858    438,299  ± 1,549,477    4,944  ± 50,852    

Charlson comorbidity index       <.0001       <.0001       0.0107 
0 24,717  ± 35,565    280,227  ± 1,199,975    3,012  ± 46,322    

1 28,761  ± 26,828    500,970  ± 1,561,387    6,743  ± 50,879    

≥2 49,460  ± 80,721    1,255,556  ± 2,813,567    9,746  ± 49,147    

The number of chronic diseases       0.9746       0.0032       0.0007 

1 27,983  ± 41,307    395,760  ± 1,549,396    2,822  ± 27,213    

2 27,699  ± 44,359    368,394  ± 1,289,770    4,110  ± 34,092    

≥3 27,688  ± 24,585    608,182  ± 1,855,181    11,174  ± 99,981    

Body mass index(kg/m2)       0.4848        0.6167        0.0300  

Underweight & Normal range 28,755  ± 41,888    445,471  ± 1,642,514    6,981  ± 69,095    

Overweight 27,706  ± 32,309    417,704  ± 1,557,974    2,288  ± 22,223    

Obese 26,953  ± 44,714    389,561  ± 1,339,947    3,730  ± 32,898    

Medication adherence       0.0109        0.1778        0.4622  
Good 27,216  ± 36,620    434,325  ± 1,542,461    4,817  ± 50,489    

Poor 28,227  ± 40,634    396,758  ± 1,463,338    4,352  ± 39,278    

Not applicable 34,494  ± 69,379    266,271  ± 1,337,711    1,253  ± 11,444    

Abbreviation: ED Emergency Department 
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Appendix 2. Results of generalized estimating equation (GEE) for the analysis of the 

effect of practicing health behavior on healthcare cost and utilization* 

Variables 

Practicing health behavior 

Yes 
No 

EXP(β) 95% CI 

Healthcare cost           

Total cost 1.00  1.25  (1.16 - 1.35) 

Outpatient cost 1.00  1.05  (0.99 - 1.11) 

Hospitalization cost 1.00  1.69  (1.43 - 1.99) 

ED services cost 1.00  1.97  (1.33 - 2.91) 

Healthcare utilization           

Outpatient visit 1.00  1.01  (0.97 - 1.06) 

Number of hospitalizations 1.00  1.35  (1.20 - 1.52) 

Length of stay 1.00  1.60  (1.29 - 2.00) 

ED visit 1.00  1.65  (1.31 - 2.09) 

Cost per utilization           

Outpatient cost 1.00  1.01  (0.96 - 1.06) 

Hospitalization cost 1.00  1.51  (1.30 - 1.75) 

ED services cost 1.00  1.91  (1.30 - 2.81) 

*Adjusted by variables including age, sex, marital status, economic activity status, educational  

level, household income, medical aid, Charlson comorbidity index, the number of chronic diseases, 

body mass index, and medication adherence. 

Abbreviation: ED Emergency Department 
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Appendix 3. Results of generalized estimating equation (GEE) for the analysis of the effect of type of practicing 

health behavior on healthcare cost and utilization* 

Variables 
N 

(4years) 

Healthcare cost 

Total cost Outpatient cost Hospitalization cost ED services cost 

EXP(β) 95% CI EXP(β) 95% CI EXP(β) 95% CI EXP(β) 95% CI 

Practicing health behaviors 16,276                                  

no SMK & no DRK & EXC 3,755  1.00        1.00        1.00        1.00        

no SMK & no DRK & no EXC 6,176  1.30  (1.20 - 1.40) 1.08  (1.02 - 1.14) 1.76  (1.49 - 2.10) -  (1.15 - 2.59) 

no SMK & DRK & EXC 91  0.84  (0.63 - 1.12) 0.83  (0.66 - 1.04) 0.65  (0.31 - 1.37) - (0.33 - 3.96) 

SMK & no DRK & EXC 2,348  1.09  (0.95 - 1.25) 1.04  (0.93 - 1.16) 1.21  (0.90 - 1.62) -    - 6.54) 

no SMK & DRK & no EXC 148  0.84  (0.58 - 1.20) 0.75  (0.61 - 0.92) 0.99  (0.43 - 2.28) - (0.04 - 2.02) 

SMK & no DRK & no EXC 2,604  1.28  (1.11 - 1.48) 0.99  (0.88 - 1.11) 1.84  (1.38 - 2.45) -   (1.40 - 5.31) 

SMK & DRK & EXC 522  0.93  (0.76 - 1.13) 0.79  (0.67 - 0.93) 1.24  (0.83 - 1.87) -   (1.50 - 12.01) 

SMK & DRK & no EXC 632  1.07  (0.81 - 1.41) 0.73  (0.61 - 0.87) 1.85  (1.10 - 3.10) -   (2.57 - 21.70) 

*Adjusted by variables including age, sex, marital status, economic activity status, educational level, household income, medical aid, Charlson 

comorbidity index, body mass index, and medication adherence. 
Abbreviation: SMK present smoking, DRK belonging to high-risk drinking group, EXC exercising moderate or greater, ED Emergency Department 
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Appendix 3. Results of generalized estimating equation (GEE) for the analysis of the effect of type of practicing 

health behavior on healthcare cost and utilization (continued)* 

Variables 
N 

(4years) 

Healthcare utilization 

Outpatient visit 
Numbers of 

hospitalization 
Length of stay ED visit 

EXP(β) 95% CI EXP(β) 95% CI EXP(β) 95% CI EXP(β) 95% CI 

Practicing health behaviors 16,276                                  

no SMK & no DRK & EXC 3,755  1.00        1.00        1.00        1.00        

no SMK & no DRK & no EXC 6,176  1.03  (0.99 - 1.08) 1.37  (1.21 - 1.54) 1.63  (1.33 - 1.99) 1.60  (1.25 - 2.04) 

no SMK & DRK & EXC 91  0.90  (0.77 - 1.04) 0.84  (0.45 - 1.58) 0.92  (0.43 - 1.99) 1.51  (0.66 - 3.44) 

SMK & no DRK & EXC 2,348  1.02  (0.94 - 1.11) 1.20  (0.95 - 1.52) 1.22  (0.75 - 1.98) 1.48  (1.03 - 2.14) 

no SMK & DRK & no EXC 148  0.78  (0.68 - 0.90) 0.85  (0.48 - 1.50) 0.87  (0.39 - 1.93) 0.86  (0.32 - 2.31) 

SMK & no DRK & no EXC 2,604  0.98  (0.90 - 1.07) 1.48  (1.19 - 1.84) 2.09  (1.34 - 3.27) 2.06  (1.47 - 2.88) 

SMK & DRK & EXC 522  0.91  (0.81 - 1.03) 1.09  (0.79 - 1.51) 1.15  (0.66 - 2.00) 2.67  (1.22 - 5.88) 

SMK & DRK & no EXC 632  0.80  (0.71 - 0.89) 1.29  (0.92 - 1.80) 1.50  (0.87 - 2.57) 2.36  (1.44 - 3.85) 

*Adjusted by variables including age, sex, marital status, economic activity status, educational level, household income, medical aid, Charlson 

comorbidity index, body mass index, and medication adherence. 
Abbreviation: SMK present smoking, DRK belonging to high-risk drinking group, EXC exercising moderate or greater, ED Emergency Department 
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Appendix 3. Results of generalized estimating equation (GEE) for the analysis of the effect of type of practicing 

health behavior on healthcare cost and utilization (continued)* 

Variables 
N 

(4years) 

Cost per utilization 

Outpatient cost Hospitalization cost ED services cost 

EXP(β) 95% CI EXP(β) 95% CI EXP(β) 95% CI 

Practicing health behaviors 16,276                          

no SMK & no DRK & EXC 3,755  1.00        1.00        1.00        

no SMK & no DRK & no EXC 6,176  1.04  (0.98 - 1.09) 1.58  (1.34 - 1.86) 1.87  (1.16 - 3.02) 

no SMK & DRK & EXC 91  0.89  (0.71 - 1.13) 0.72  (0.35 - 1.48) 2.83  (0.83 - 9.68) 

SMK & no DRK & EXC 2,348  0.93  (0.85 - 1.02) 1.09  (0.85 - 1.40) 3.85  (1.30 - 11.45) 

no SMK & DRK & no EXC 148  0.99  (0.79 - 1.25) 0.83  (0.38 - 1.83) 1.90  (0.82 - 4.39) 

SMK & no DRK & no EXC 2,604  0.97  (0.88 - 1.06) 1.56  (1.24 - 1.95) 2.66  (0.91 - 7.75) 

SMK & DRK & EXC 522  0.81  (0.72 - 0.92) 1.19  (0.81 - 1.75) 3.11  (0.56 - 17.25) 

SMK & DRK & no EXC 632  0.81  (0.71 - 0.93) 1.51  (0.99 - 2.31) 5.82  (0.94 - 35.91) 

*Adjusted by variables including age, sex, marital status, economic activity status, educational level, household income, medical aid, Charlson 

comorbidity index, body mass index, and medication adherence. 
Abbreviation: SMK present smoking, DRK belonging to high-risk drinking group, EXC exercising moderate or greater, ED Emergency Department 
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Appendix 4. Results of generalized estimating equation (GEE) for the analysis of the effect of practicing health 

behavior on healthcare cost and utilization categorized by type of chronic diseases* 

Chronic diseases 
N 

(4 years) 

Practicing health behavior 

Yes 

No 

Healthcare cost 

Total cost Outpatient cost Hospitalization cost ED services cost 

EXP(β) 95% CI EXP(β) 95% CI EXP(β) 95% CI EXP(β) 95% CI 

Type of chronic diseases 16,276                                   

Hypertension 3,933 1.00 1.16  (0.97 - 1.38) 0.96  (0.85 - 1.09) 1.65  (1.14 - 2.38) 0.70  (0.30 - 1.65) 

Hypertension & arthrosis 1,987 1.00 1.33  (1.13 - 1.57) 1.09  (0.97 - 1.22) 2.02  (1.36 - 2.99) - (3.04 - 22.24) 

Hypertension & dyslipidemia 1,814 1.00 1.17  (0.97 - 1.42) 1.07  (0.89 - 1.27) 1.13  (0.64 - 2.00) - (2.05 - 13.50) 

Arthrosis 1,266 1.00 1.03  (0.83 - 1.28) 0.96  (0.81 - 1.15) 1.24  (0.78 - 1.97) - (0.92 - 4.53) 

Hypertension & dyslipidemia & 

arthrosis 
1,118 1.00 1.33  (1.09 - 1.62) 1.03  (0.87 - 1.21) 2.21  (1.38 - 3.54) - (0.56 - 5.64) 

Hypertension & diabetes 

mellitus 
1,062 1.00 1.56  (1.14 - 2.14) 1.32  (1.06 - 1.64) 2.11  (0.69 - 6.52) - (0.21 - 1.92) 

Othersa 5,096 1.00 1.31  (1.16 - 1.47) 1.11  (1.02 - 1.21) 1.69  (1.29 - 2.22) - (1.71 - 7.50) 

*Adjusted by variables including age, sex, marital status, economic activity status, educational level, household income, medical aid, Charlson 

comorbidity index, body mass index, and medication adherence.  
Abbreviation: ED Emergency Department 
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Appendix 4. Results of generalized estimating equation (GEE) for the analysis of the effect of practicing health 

behavior on healthcare cost and utilization categorized by type of chronic diseases (continued)* 

Chronic diseases 
N 

(4 years) 

Practicing health behavior 

Yes 

No 

Healthcare utilization 

Outpatient visit 
Numbers of 

hospitalization 
Length of stay ED visit 

EXP(β) 95% CI EXP(β) 95% CI EXP(β) 95% CI EXP(β) 95% CI 

Type of chronic diseases 16,276                                   

Hypertension 3,933 1.00  0.91  (0.83 - 0.99) 0.99  (0.74 - 1.33) 1.30  (0.86 - 1.97) 1.34  (0.82 - 2.21) 

Hypertension & arthrosis 1,987 1.00  1.05  (0.95 - 1.15) 1.67  (1.24 - 2.25) 2.04  (1.39 - 3.00) 2.53  (1.26 - 5.07) 

Hypertension & dyslipidemia 1,814 1.00  1.11  (0.98 - 1.25) 1.80  (1.29 - 2.51) 2.42  (1.37 - 4.28) 1.47  (0.72 - 3.01) 

Arthrosis 1,266 1.00  0.88  (0.76 - 1.03) 1.32  (1.01 - 1.72) 1.35  (0.87 - 2.09) 1.07  (0.67 - 1.70) 

Hypertension & dyslipidemia & 

arthrosis 
1,118 1.00  1.05  (0.92 - 1.19) 1.23  (0.84 - 1.82) 1.79  (1.11 - 2.89) 1.75  (0.82 - 3.71) 

Hypertension & diabetes 

mellitus 
1,062 1.00  1.09  (0.93 - 1.28) 1.42  (0.94 - 2.15) 3.18  (1.72 - 5.91) 3.34  (1.16 - 9.65) 

Othersa 5,096 1.00  1.10  (1.03 - 1.18) 1.45  (1.20 - 1.76) 1.73  (1.28 - 2.33) 1.91  (1.35 - 2.71) 

*Adjusted by variables including age, sex, marital status, economic activity status, educational level, household income, medical aid, Charlson 

comorbidity index, body mass index, and medication adherence.  
Abbreviation: ED Emergency Department 
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Appendix 4. Results of generalized estimating equation (GEE) for the analysis of the effect of practicing health 

behavior on healthcare cost and utilization categorized by type of chronic diseases (continued)* 

Chronic diseases 
N 

(4 years) 

Practicing health behavior 

Yes 

No 

Cost per utilization 

Outpatient cost Hospitalization cost ED services cost 

EXP(β) 95% CI EXP(β) 95% CI EXP(β) 95% CI 

Type of chronic diseases 16,276                           

Hypertension 3,933 1.00  1.02  (0.90 - 1.16) 1.54  (1.10 - 2.14) 1.50  (0.71 - 3.15) 

Hypertension & arthrosis 1,987 1.00  1.07  (0.97 - 1.18) 1.82  (1.21 - 2.72) 3.44  (1.14 - 10.40) 

Hypertension & dyslipidemia 1,814 1.00  0.97  (0.83 - 1.13) 0.84  (0.50 - 1.41) -   -   

Arthrosis 1,266 1.00  1.00  (0.82 - 1.21) 1.07  (0.69 - 1.67) 0.69  (0.26 - 1.87) 

Hypertension & dyslipidemia & arthrosis 1,118 1.00  1.01  (0.89 - 1.16) 2.10  (1.34 - 3.31) -     -   

Hypertension & diabetes mellitus 1,062 1.00  1.09  (0.92 - 1.28) 1.74  (0.51 - 5.93) -     -   

Othersa 5,096 1.00  0.99  (0.90 - 1.09) 1.69  (1.31 - 2.16) 1.83  (0.97 - 3.45) 

*Adjusted by variables including age, sex, marital status, economic activity status, educational level, household income, medical aid, Charlson 

comorbidity index, body mass index, and medication adherence.  
Abbreviation: ED Emergency Department 
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Appendix 5. Results of generalized estimating equation (GEE) for the analysis of  the effect of practicing health 

behavior on healthcare cost and utilization stratified by independent variables* 

Variables 

Practicing health behavior 

Yes 

No 
Healthcare cost 

Total cost Outpatient cost Hospitalization cost ED services cost 
EXP(β) 95% CI EXP(β) 95% CI EXP(β) 95% CI EXP(β) 95% CI 

Age (years)                                   

<60 1.00  1.08  (0.92 - 1.28) 0.95  (0.82 - 1.10) 1.49  (0.43 - 5.15) 13.51  (0.24 - 760.14) 

60-69 1.00  1.17  (1.04 - 1.33) 1.05  (0.95 - 1.15) 1.53  (0.80 - 2.94) 2.40  (0.32 - 17.94) 

≥70 1.00  1.33  (1.20 - 1.47) 1.06  (0.98 - 1.14) 1.84  (1.17 - 2.89) 1.86  (0.55 - 6.27) 

Sex                                   

Men 1.00  1.17  (0.97 - 1.40) 0.99  (0.85 - 1.14) 1.68  (0.74 - 3.85) 2.57  (0.30 - 21.87) 
Women 1.00  1.28  (1.18 - 1.38) 1.06  (1.00 - 1.12) 1.75  (1.18 - 2.60) 2.13  (0.67 - 6.79) 

Region                                   

Urban 1.00  1.22  (1.09 - 1.37) 1.05  (0.97 - 1.14) 1.59  (0.85 - 2.97) 2.88  (0.46 - 17.99) 
Rural 1.00  1.27  (1.15 - 1.39) 1.05  (0.97 - 1.12) 1.74  (1.12 - 2.70) 1.67  (0.53 - 5.25) 

Charlson comorbidity index                                   

0 1.00  1.28  (1.17 - 1.39) 1.04  (0.97 - 1.12) 1.86  (1.59 - 2.17) 2.25  (0.47 - 10.70) 

1 1.00  1.20  (1.04 - 1.38) 1.05  (0.96 - 1.15) 1.42  (0.70 - 2.86) 2.44  (0.30 - 19.60) 

≥2 1.00  1.09  (0.86 - 1.39) 1.10  (0.87 - 1.41) 1.04  (0.46 - 2.33) 1.02  (0.10 - 10.94) 

The number of chronic 

diseases 
                                  

1 1.00  1.15  (1.01 - 1.31) 0.97  (0.88 - 1.06) 1.57  (0.83 - 2.95) 1.38  (0.23 - 8.28) 

2 1.00  1.31  (1.18 - 1.45) 1.13  (1.04 - 1.23) 1.75  (0.99 - 3.09) 1.87  (0.32 - 11.00) 

≥3 1.00  1.29  (1.13 - 1.47) 1.08  (0.98 - 1.18) 1.73  (0.89 - 3.35) 2.34  (0.36 - 15.27) 

*Adjusted by variables including age, sex, marital status, economic activity status, educational level, household income, medical aid, Charlson 

comorbidity index, body mass index, and medication adherence. 
Abbreviation: ED Emergency Department 
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Appendix 5. Results of generalized estimating equation (GEE) for the analysis of the effect of practicing health 

behavior on healthcare cost and utilization stratified by independent variables (continued)* 

Variables 

Practicing health behavior 

Yes 

No 
Healthcare utilization 

Outpatient visit Number of hospitalization Length of stay ED visit 
EXP(β) 95% CI EXP(β) 95% CI EXP(β) 95% CI EXP(β) 95% CI 

Age (years)                                   

<60 1.00  0.88  (0.79 - 0.98) 1.23  (0.88 - 1.72) 1.31  (0.88 - 1.93) 2.27  (0.71 - 7.21) 

60-69 1.00  0.97  (0.91 - 1.04) 1.29  (1.00 - 1.65) 1.37  (0.90 - 2.09) 1.56  (1.06 - 2.29) 

≥70 1.00  1.07  (1.02 - 1.14) 1.40  (1.21 - 1.61) 2.01  (1.64 - 2.47) 1.68  (1.26 - 2.24) 

Sex                                   

Men 1.00  0.98  (0.87 - 1.10) 1.18  (0.84 - 1.67) 1.18  (0.67 - 2.07) 1.72  (1.11 - 2.69) 
Women 1.00  1.02  (0.98 - 1.07) 1.40  (1.24 - 1.58) 1.79  (1.48 - 2.15) 1.66  (1.26 - 2.18) 

Region                                   

Urban 1.00  1.01  (0.95 - 1.08) 1.27  (1.02 - 1.58) 1.27  (0.85 - 1.90) 1.81  (1.29 - 2.54) 
Rural 1.00  1.01  (0.96 - 1.07) 1.39  (1.21 - 1.60) 1.84  (1.48 - 2.29) 1.56  (1.17 - 2.08) 

Charlson comorbidity index                                   

0 1.00  1.01  (0.97 - 1.06) 1.58  (1.37 - 1.82) 1.76  (1.38 - 2.24) 1.99  (1.45 - 2.73) 
1 1.00  1.03  (0.95 - 1.11) 1.18  (0.94 - 1.48) 1.39  (0.93 - 2.07) 1.34  (0.90 - 2.00) 

≥2 1.00  1.01  (0.89 - 1.14) 0.96  (0.70 - 1.30) 1.50  (1.06 - 2.13) 1.43  (0.94 - 2.17) 

The number of chronic 

diseases 
                                  

1 1.00  0.92  (0.86 - 0.99) 1.22  (0.99 - 1.49) 1.24  (0.90 - 1.71) 1.37  (0.97 - 1.93) 

2 1.00  1.09  (1.03 - 1.16) 1.67  (1.39 - 2.00) 2.04  (1.53 - 2.72) 2.22  (1.40 - 3.52) 

≥3 1.00  1.06  (0.98 - 1.14) 1.17  (0.94 - 1.45) 1.66  (1.25 - 2.22) 1.52  (1.06 - 2.18) 

*Adjusted by variables including age, sex, marital status, economic activity status, educational level, household income, medical aid, Charlson 

comorbidity index, body mass index, and medication adherence. 
Abbreviation: ED Emergency Department 
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Appendix 5. Results of generalized estimating equation (GEE) for the analysis of the effect of practicing health 

behavior on healthcare cost and utilization stratified by independent variables (continued)* 

Variables 

Practicing health behavior 

Yes 

No 
Cost per utilization 

Outpatient cost Hospitalization cost ED services cost 
EXP(β) 95% CI EXP(β) 95% CI EXP(β) 95% CI 

Age (years)                           

<60 1.00  0.98  (0.86 - 1.13) 1.26  (0.84 - 1.88) -   -   
60-69 1.00  1.07  (0.97 - 1.17) 1.42  (1.09 - 1.84) 2.69  (1.11 - 6.51) 

≥70 1.00  0.98  (0.92 - 1.04) 1.63  (1.34 - 1.98) 1.64  (1.00 - 2.68) 

Sex                           

Men 1.00  0.94  (0.82 - 1.07) 1.50  (1.07 - 2.12) 2.38  (0.79 - 7.17) 

Women 1.00  1.03  (0.97 - 1.08) 1.53  (1.29 - 1.80) 2.01  (1.29 - 3.13) 

Region                           

Urban 1.00  1.00  (0.93 - 1.07) 1.51  (1.18 - 1.92) 2.74  (1.40 - 5.40) 

Rural 1.00  1.02  (0.95 - 1.09) 1.50  (1.24 - 1.83) 1.57  (0.95 - 2.59) 

Charlson comorbidity index                           

0 1.00  1.02  (0.96 - 1.08) 1.65  (1.35 - 2.01) 2.75  (1.34 - 5.66) 

1 1.00  0.98  (0.91 - 1.06) 1.29  (1.00 - 1.67) 2.13  (1.04 - 4.37) 

≥2 1.00  1.01  (0.81 - 1.26) 0.97  (0.71 - 1.34) 1.02  (0.26 - 3.94) 

The number of chronic diseases                           

1 1.00  0.97  (0.88 - 1.07) 1.42  (1.11 - 1.83) 1.10  (0.76 - 1.60) 

2 1.00  1.03  (0.96 - 1.11) 1.50  (1.17 - 1.93) 1.86  (0.91 - 3.80) 

≥3 1.00  1.05  (0.96 - 1.15) 1.58  (1.22 - 2.06) 1.87  (0.82 - 4.29) 

*Adjusted by variables including age, sex, marital status, economic activity status, educational level, household income, medical aid, Charlson 

comorbidity index, body mass index, and medication adherence. 
Abbreviation: ED Emergency Department 
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Appendix 6. Results of generalized estimating equation (GEE) for the analysis of the 

effect of changes in practicing health behavior on unmet needs* 

Variables 
N 

(4 years) 

 Unmet needs  

OR 95% CI 

Changes in practicing health behavior (yearly)           

Yes → Yes 1,563  1.00        

No → Yes 1,220  0.99  (0.97 - 1.02) 

Yes → No 1,278  0.98  (0.96 - 1.01) 

No → No 8,146  0.97  (0.95 - 0.99) 

*Adjusted by variables including age, sex, marital status, economic activity status, educational level, household income, 

medical aid, Charlson comorbidity index, the number of chronic diseases, body mass index, and medication adherence. 
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Appendix 7. Results of generalized estimating equation (GEE) for the analysis of the 

effect of changes in practicing health behavior on healthcare cost and utilization* 

Variables 

Changes in practicing health behavior (yearly) 

Yes→Yes 
No→Yes Yes→No No→No 

EXP(β) 95% CI EXP(β) 95% CI EXP(β) 95% CI 

Cost (in ₩)                           

Total cost 1.00  0.96  (0.85 - 1.09) 1.25  (1.09 - 1.43) 1.29  (1.15 - 1.44) 

Outpatient cost 1.00  1.02  (0.93 - 1.12) 1.11  (1.01 - 1.21) 1.10  (1.01 - 1.19) 

Hospitalization cost 1.00  0.84  (0.62 - 1.13) 1.49  (1.09 - 2.03) 1.65  (1.29 - 2.11) 

ED services cost 1.00  0.80  (0.37 - 1.71) 1.30  (0.60 - 2.84) 1.97  (1.10 - 3.53) 

Utilization                           

Outpatient visit 1.00  1.04  (0.97 - 1.11) 1.06  (1.00 - 1.13) 1.06  (0.99 - 1.13) 

Number of hospitalizations 1.00  0.94  (0.76 - 1.16) 1.23  (1.00 - 1.52) 1.32  (1.09 - 1.59) 

Length of stay 1.00  0.81  (0.56 - 1.17) 1.24  (0.88 - 1.76) 1.60  (1.11 - 2.29) 

ED visit 1.00  0.76  (0.49 - 1.17) 1.29  (0.85 - 1.96) 1.56  (1.10 - 2.21) 

Cost per utilization                           

Outpatient cost 1.00  0.96  (0.88 - 1.05) 1.00  (0.92 - 1.10) 1.00  (0.93 - 1.08) 

Hospitalization cost 1.00  0.85  (0.63 - 1.13) 1.47  (1.10 - 1.96) 1.47  (1.18 - 1.84) 

ED services cost 1.00  0.90  (0.42 - 1.92) 1.52  (0.71 - 3.26) 1.85  (1.05 - 3.27) 

*Adjusted by variables including age, sex, marital status, economic activity status, educational level, household income, medical 

aid, Charlson comorbidity index, the number of chronic diseases, body mass index, and medication adherence. 

Abbreviation: ED Emergency Department                   
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Appendix 8. Results of generalized estimating equation (GEE) for the analysis of the 

effect of changes in practicing health behavior on healthcare cost and utilization (in cost 

and frequency) * 

Variables 

Changes in practicing health behaviors (yearly) 

Yes→Yes 
No→Yes Yes→No No→No 

Estimate S.E P-value Estimate S.E P-value Estimate S.E P-value 

Cost (in ₩)                     

Total cost Ref. -82,279  122,767  0.5027 447,744 149038 0.0027  476,115 120703.6 <.0001 

Outpatient cost Ref. 29,172 59582.74 0.6244  130,028 65505.35 0.0471  122,163 52918.37 0.0210  

Hospitalization cost Ref. -111,343 99081.95 0.2611  315,076 128942.3 0.0145  348,720 99951.17 0.0005  

ED services cost Ref. -107 2099.976 0.9593  2,640 3639.831 0.4682  5,233 1942.969 0.0071  

Utilization                     

Outpatient visit Ref. 0.959  1.100  0.3834  2.517  1.134  0.0264  2.276  1.119  0.0420  

Number of hospitalizations Ref. -0.015  0.030  0.6279  0.062  0.033  0.0634  0.068  0.028  0.0161  

Length of stay Ref. -0.399  0.425  0.3481  0.996  0.484  0.0396  1.613  0.497  0.0012  

ED visit Ref. -0.014  0.014  0.3047  0.016  0.016  0.3173  0.039  0.013  0.0026  

Cost per utilization                     

Outpatient cost Ref. -470 1745.829 0.7877  -264 1440.05 0.8544  796 1350.975 0.5559  

Hospitalization cost Ref. -67,836 57462.89 0.2378  212,656 80906.02 0.0086  175,416 55074.98 0.0014  

ED services cost Ref. 395 1555.03 0.7996  1,081 1696.8 0.5242  2,653 1380.674 0.0547  

*Adjusted by variables including age, sex, marital status, economic activity status, educational level, household income, medical 

aid, Charlson comorbidity index, the number of chronic diseases, body mass index, and medication adherence. 

Abbreviation: ED Emergency Department 
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국문요약  

 

건강행동이 미충족의료와 의료비 및 의료이용에 미치는 영향 

: 만성질환자 대상으로 

 

 

 

연세대학교 일반대학원 보건학과 

장빛나 

 

 

서론: 만성질환의 유병률이 높아지면서 만성질환 관련 의료비와 의료이용이 

증가하고 있다. 또한 높은 의료 비용으로 인한 가계의 경제적 부담은 여전히 

미충족의료를 초래한다. 이 연구의 목적은 만성 질환 관리의 기본적인 대안으로 

제안되는 건강 행동 실천이 미충족의료와 의료비 및 의료이용에 어떻게 영향을 

미치는지 확인하는 것이다. 

 

연구방법: 이 연구는 2014 년부터 2017 년까지 수행한 한국의료패널조사 (KHPS)를 

이용했으며, 만 19 세 이상 성인 중 다빈도 만성질환 (고혈압, 당뇨병, 

이상지질혈증, 관절염) 4 개 중 1 개 이상 보유한 인원 중 연구기간 동안 결측이 

없는 4,069 명을 연구 대상자로 선정했다. '건강행동'은 현재 비흡연 또는 1 갑년 

미만, 고위험 음주군에 속하지 않음, 중등도 이상의 운동 실천으로 정의했고, 세 

가지 기준을 모두 충족한 사람은 건강행동 실천군으로 정의했다. 
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연구결과: 전체 대상자 중 972 명(23.9%)이 건강행동 실천군으로 분류되었다. 건강 

행동 실천군과 비교하여, 건강 행동 미실천군은 미충족의료와의 연관성이 컸고, 

통계적으로 유의했다(OR: 1.24; 95% CI: 1.10-1.39). 의료비 측면에서는 건강행동 

미실천군이 실천군에 비해 모든 항목에서 유의하게 높았다 (총 의료비: estimate, 

₩419,940; p-value <.0001; 외래 의료비: estimate, ₩71,168, p-value = 0.0340; 입원비 

estimate: ₩344,458; p-value: <.0001; 응급 의료비: estimate: ₩4,314; p-value: 0.0006). 

의료이용은 입원 횟수(estimate: 0.075; p-value <.0001), 재원 일수 (estimate: 1.437; p-

value <.0001), 응급실 방문 횟수(estimate: 0.036; p-value <.0001)가 더 많았다. 

 

결론: 이 연구는 만성질환자 중 건강행동을 실천하지 않는 군이 건강행동을 

실천하는 군보다 미충족의료를 더 경험하였고, 더 많은 의료비를 지출했으며, 

병·의원 방문을 더 많이 했음을 확인했다. 그러나 우리나라 인구 대상으로 

만성질환 관리와 건강한 생활습관 증진을 목표로 한 프로그램의 영향을 파악한 

연구는 부족하며, 효과적인 만성질환 관리를 위해 관련 추가 연구가 필요하다. 

 


