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Does Geographic Access to a Psychiatry Clinic
Influence Mental Health Care Utilization?∗

Hae-young Hong

Abstract

Although South Korea’s suicide rate is highest among the OECD coun-
tries, its mental health care utilization remains low. Using the unique
administrative data–the National Health Information Database, I explore
the impacts of change in geographic access to psychiatry clinics on mental
health care utilization. I employ the Difference-in-Differences estimation
combining the event-study approach that compares Eup/Myeon/Dong-
level (region-level) monthly outcomes. The region-level geographic acces-
sibility is measured by the straight-line distance to the nearest psychiatry
clinic from the population centroid of each region, and its change means
that the distance becomes shorter or longer due to the opening or closing
of a psychiatry clinic.
The results show that the number of outpatients visiting psychiatry clin-
ics per 100,000 people increases by 3.1% after psychiatry clinic openings,
and decreases by 8.6% after closings. In the regions where the distance
increases by more than 8km, the number of outpatients sharply declines
by 45.4%. Patients with dementia, alcohol use disorders, and neurotic
disorders are more likely to visit a psychiatry clinic when the accessibility
expands. Patients who have milder depressive symptoms are more sus-
ceptible to the expanding accessibility. Finally, evidence suggests that as
distance from the nearest psychiatric clinic increases, hospital utilization
increases.

Keywords: geographic accessibility, mental health care utilization
Student Number: 2014-22306

∗This work utilizes the data provided by the National Health Insurance Service (No.
NHIS-2016-1-076). The views expressed herein are those of the author and do not necessarily
reflect the views of the National Health Insurance Service. This work was approved by the
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1 Introduction

Although South Korea’s suicide rate is the highest among the OECD countries,
its mental health care utilization is very low. Specifically, while 28.7 people out
of 100,000 population killed themselves in 2013 (OECD, 2014), Korea’s antide-
pressant drugs consumption per capita is the second lowest among the OECD
members (OECD, 2015). 37% of people who have mood disorders receive men-
tal health services, which is about half of the United States, 68% (Jeong et al.,
2012). Furthermore, a psychological autopsy of those who committed suicide
reveals that 88% of them might have suffered from mental illnesses, but only
15% had received regular treatments (MOHW, 2016). Under these circum-
stances, the Korean government recently announced that it would gradually
assign psychiatrists to Mental Health Center of each Si/Gun/Gu1 and expand
mental health screening services throughout primary care clinics (OPC, 2016).
But, little is known whether and to what extent the expanding geographic
accessibility stimulates mental health care utilization in Korea.

This paper examines the effects of changes in geographic access to psy-
chiatry clinics on mental health care utilization. Unlike the United States,
access to care in terms of insurance coverage or gatekeeping causes few prob-
lems in Korea because every individual is eligible for the mandatory health
insurance and does not need a referral letter to receive specialist care. There-
fore, geographic distance might be one of the primary obstacles for access to
care in Korea. Patients needing care may make a decision on whether to re-
ceive treatments, considering the expected utility and costs. In terms of the
costs, geographic accessibility is directly associated with time cost. There are
numerous studies on the relationship between geographic access to care and
health care utilization. The studies deal with various aspects of health care
from acute or emergent conditions, such as heart diseases (Buchmueller et al.,
2006; Yamashita and Kunkel, 2010; Avdic, 2016) and unintentional injuries
(Buchmueller et al., 2006), to preventive care or less emergent symptoms, such
as learning HIV status (Thornton, 2008), detection of hepatitis C (Astell-Burt
et al., 2011), obesity management (Morris and Gravelle, 2008), and substance
use abuse (Swensen, 2015; Bondurant et al., 2016). Generally, there is con-

1Si, Gun, and Gu are the names of municipal-level divisions in Korea, which are similar
to city, county and district, respectively.
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sensus that geographic access to care plays an important role in health care
utilization to some extent.

With regard to mental health, however, it is not clearly known to what
extent people react to the physical distance. It is suggested that travel time
significantly prevents patients from continuation of treatment of depression
(Fortney et al., 1995) or alcoholism (Fortney et al., 1999) after initiation. On
the other hand, since mental illnesses tend to be more stigmatized than other
physical illnesses in society (Bharadwaj et al., 2015), psychological barriers
might be important for the initiation of treatment. The survey results in
Jeong et al. (2012) show that 82.7% of the respondents who had mental health
problems, but had not received mental health services in Korea responded “I
thought I had no mental health problem” and 77% “I thought I could solve it by
myself”. Though the initiation of treatment is an important aspect of mental
health care that mainly causes the disparities in treatment (Harman et al.,
2004), there has been little research on the geographic accessibility and the
initiation of care. Furthermore, there is no research in Korea about geographic
access to psychiatry clinic and mental health care utilization.

To address this question, I use the unique administrative data from the
National Health Information Database (NHID). The main empirical strategy
to estimate the impact is the Difference-in-Differences method that compares
Eup/Myeon/Dong-level2 outcomes between treatment regions and comparison
regions. I also use three alternative measures of the impact to assess whether
the effects become larger as the intensity of accessibility change increases. I
find that the number of outpatients visiting psychiatry clinics per 100,000
people increases by 3.1% after psychiatry clinic openings and decreases by
8.6% after closings. Outpatient-to-population ratio raises by 18.8% in the
regions where the distance reduction is more than 8km. In the regions where
the distance increases by more than 8km, the number of outpatients sharply
declines by 45.4%. Patients with dementia, alcohol use disorders, and neurotic
disorders are more responsive to the expanding accessibility. Patients who have
moderate depressive symptoms are susceptible to the expanding accessibility.
Finally, there is evidence that hospital utilization increases as the distance to
the nearest psychiatry clinic is extended.

2The third-level administrative divisions in Si/Gun/Gu.
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The remainder of this paper proceeds as follows. In Section 2, I briefly
summarize the features of the Korean health care system related to this paper
and show the patterns of geographic diffusion of psychiatry clinics in Korea. I
introduce the structure of the database in Section 3. Section 4 demonstrates
the measures of spatial accessibility and empirical models used in this paper. In
Section 5, I show the estimation results on psychiatry clinic utilization. Section
6 presents the estimates by disease, severity of depression, and demographic
groups. Section 7 provides evidence on substitution effects between medical
providers, and Section 8 concludes.

2 Backgrounds

2.1 The Korean Health Care System

In Korea, all citizens are covered by National Health Insurance (NHI) or Med-
ical Care Assistance (MCA) as compulsory social insurance. The National
Health Insurance Service (NHIS) provides the services as the single insurer.
The insured pay insurance contributions according to their employment status
and income. Employees pay the monthly contributions determined as monthly
average wage multiplied by a contribution rate. The self-employed pay the
fee based on their income, property, vehicle, age, and sex. Except for the in-
surance contributions, there is no difference between employment-based and
resident-based insurance. Medical expenses for outpatient visits or inpatient
admissions are determined by fee-for-service system; for the same treatment,
the fee is the same across the nation. Patients copay some share of medical
expenses following the national fee schedule and the NHIS reimburse the rest
of expenses to providers.

There are four types of medical providers in terms of health care delivery
system: clinic, hospital, general hospital, and tertiary hospital (superior gen-
eral hospitals). A clinic-level institution primarily provides outpatient care. Of
all medical providers, the clinic is the dominant type of institutions: 94% are
clinics and 4.7% are hospitals (HIRA, 2016). Patients do not need a referral
slip to visit any type of medical institutions except for tertiary hospital. In
fact, patients can go to tertiary hospitals without a referral letter, if they are
willing to pay the entire expenses of the treatment. Also, patients are allowed
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to directly visit specialists without seeing general practitioners (GP) or to go
to hospitals without visiting clinics. Therefore, patients have several options
to receive outpatient care. Although patients have no restriction to choose
providers for outpatient visits, coinsurance rates increase along with the level
of institution: 30% for clinic, 40% for hospital, 50% for general hospital, and
60% for tertiary hospital, in general.

Most of the physicians in Korea are specialists and 90% of clinics are op-
erated by specialists (NHIS, 2016). Only specialists are allowed to use their
specialty in the name of the clinic according to Medical Service Act. For ex-
ample, only psychiatrists can name their clinics like “– Psychiatry Clinic” or
“– Mental Health Clinic.” Due to the act, patients can easily recognize the
specialty of a clinic upon seeing its signboard. Nevertheless, some specialist
practitioners intentionally choose not to display their specialty for a variety of
reasons, which takes nearly 20% of all clinics (NHIS, 2016). Because of the
signaling effect, however, I will use the term “psychiatry clinic” to indicate a
clinic whose name expresses its specialty as psychiatry.

2.2 Geographic Access to Psychiatrists in Korea

There is evidence that psychiatry clinics are highly concentrated in several big
cities compared to other medical specialties in Korea. A measure of geographic
concentration indicates that psychiatry is the third most concentrated specialty
in Korea following plastic surgery and dermatology (Lee et al., 2009). About
9% of psychiatrists are located only in two administrative districts, Gangnam-
gu and Seongnam-si, whose living standards are the highest in the nation.
Figure A1, which depicts the distance from the nearest psychiatry clinic in
each region, shows that psychiatry clinics are highly concentrated in Seoul
Capital Area.

As Figure 1 displays, the number of psychiatry clinics has increased by
42% for the past 14 years. This pace is relatively faster than the growth
rate of all clinics, 24%. In order to examine the extent to which psychiatry
clinics have diffused from 2002 to 2015, I construct Table 1 similar to that
of Newhouse et al. (1982) and Rosenthal et al. (2005). The table provides
information on the availability of psychiatry clinics by the size of Si/Gun/Gus.
In each panel, the first row means the percentage of Si/Gun/Gus with at
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Figure 1: Number of Clinics between 2002 and 2015
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Source: The health care provider database in the NHID.
The definition of psychiatry clinic is the clinic whose name contains "psychiatry" or "mental
health."

least one psychiatry clinic and the second row the number of psychiatry clinics
per 100,000 residents. It is not surprising that the larger the population of
Si/Gun/Gu, the easier to access to psychiatry clinics. Between 2002 and 2015,
Si/Gun/Gus with population between 50,000 and 200,000 have experienced the
largest improvement in terms of the availability, whereas those with population
less than 50,000 have experienced little change.

3 Data

I use the unique dataset extracted from the National Health Information
Database (NHID). The NHID is generated from the NHI claims data. For
the purpose of determining insurance contributions and reimbursing providers
for medical expenses, the NHIS has garnered a huge amount of information
on individual socioeconomic status and medical records. With the increased
demand for administrative data, the NHIS constructed the NHID to meet the
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Table 1: Diffusion of Psychiatry Clinics over Si/Gun/Gus between 2002 and 2015

Population in Thousands

25- 25-50 50-100 100-200 200-300 300-500 500+

Panel A: 2002
% of Si/Gun/Gus with a psychiatry clinic 0 3.3 30.5 68.6 94.6 96.4 100.0
No. of psychiatry clinics per 100,000 0 0.09 0.70 1.08 1.22 1.34 1.75
No. of Si/Gun/Gus 5 30 59 51 37 55 9

Panel B: 2009
% of Si/Gun/Gus with a psychiatry clinic 0 5.0 34.7 69.0 100.0 100.0 100.0
No. of psychiatry clinics per 100,000 0 0.20 0.67 1.22 1.47 1.73 1.89
No. of Si/Gun/Gus 7 40 49 42 47 54 10

Panel C: 2015
% of Si/Gun/Gus with a psychiatry clinic 0 4.5 38.6 81.4 97.9 100.0 100.0
No. of psychiatry clinics per 100,000 0 0.12 1.01 1.37 1.64 1.83 2.06
No. of Si/Gun/Gus 6 44 44 43 47 55 13

Notes: The definition of psychiatry clinic is a clinic whose name contains "psychiatry" or "men-
tal health." The population of Si/Gun/Gu refers to Population Statistics Based on Resident
Registration. The basic structure of this table is similar to that of Newhouse et al. (1982) and
Rosenthal et al. (2005).

research purposes in 2012.3 I use three types of databases for this paper: the
eligibility database, the health care utilization database, and the health care
provider database.

The eligibility database contains demographic information such as age, sex,
residence, insurance type, monthly contributions, disability type, grade of dis-
ability, and date of death. The NHIS recently provides geographic coordinates
transformed from residential addresses on request. In the health care utiliza-
tion database, there is detailed information about medical treatments: diagno-
sis on diseases, date of visit, health care provider, medical treatments, medical
expenses, copayment, and prescription drugs.

The health care provider database contains information on location, spe-
cialties of physicians, provider type, medical equipment, and human resources.
Though there is a variable named “date of establishment,” it is too unreli-
able to identify the precise date of opening in a specific location. In order to
improve the accuracy of analysis, I use restricted-use information–name of in-
stitution, text address, and history of changes–which is generally not provided
to researchers. I first select psychiatry clinics with the words “psychiatry” or

3To make the database publicly available, personal identifiers are replaced by de-identified
join keys (Seong et al., 2016).
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“mental health” in the name and track the history of changes in address. As
there are some noises in text addresses, I transform them into geographic co-
ordinates.4 I then tolerate errors up to 500m because some coordinates for
the same location are not exactly the same even if the clinic does not actu-
ally move to another place. This inaccuracy occurs mainly when the providers
report different expressions for the same physical location. Finally, by combin-
ing information on the geographic coordinates and the date of change, I can
identify the location of each clinic on a specific date.

In analysis, I include adults aged 18–79 who have ever been diagnosed with
mental illness at least one time during 2002 to 2015. The reason for analyzing
adults is to examine individual’s own choice. Whether an individual received
mental health care is defined by “treatment specialty code,” which refers to the
medical specialty that matches patient’s diseases, in the health care utilization
database.

4 Empirical Strategy

4.1 Measures of Change in Geographic Access to Psychiatry
Clinics

To analyze the extensive margin of health care utilization, unit of analysis needs
to be set. I choose the unit as Eup/Myeon/Dong (hereafter simply “region”)
and month. To measure the accessibility of each region, I first compute the
population centroid, or mean center of population, which averages coordinates
of all residences along each axis. Population centroid is different from geomet-
ric centroid more commonly used by researchers in that population centroid
reflects the distribution of population. If the population is dispersed unevenly
over the area, then population centroid would provide a better summary mea-
sure than geometric centroid.

As a measure of proximity from a residence to a clinic, I employ the straight-
line distance. With respect to time costs, driving distance or travel time that
explicitly consider the road network may be more direct measures of proximity.
However, as there are more than 3,000 regions and hundreds of psychiatry clin-

4In this process, I utilized the open software, Geocoding Tool (version 16.7.1) developed
by BIZGIS Inc.
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ics each year, too computationally burdensome is calculating driving distances.
Albeit inaccurate a bit, straight-line distance is a good summary measure of
geographic access to care considering that it is highly correlated (r2 > 0.9)
with actual travel time (Boscoe et al., 2012).

To measure the change in accessibility at region level, I calculate the
straight-line distance to the nearest psychiatry clinic from the population cen-
troid at the end of each month.5 When the distance becomes shorter or longer
than the previous month due to the opening or closing of a psychiatry clinic,
I define that geographic accessibility of the region has changed or that the
region is “treated.” The terms “opening” and “closing” refer to appearance and
disappearance of a clinic in a particular physical location. For example, if a
clinic moved to another region, it is considered that a clinic was opened in
the new region and was closed in the previous region. A region within the
same Si/Gun/Gu whose nearest psychiatry clinic has not changed despite the
psychiatry clinic opening or closing is defined as “comparison region.” I drop
the cases that the distance change is less than 500m or the distance from the
newly opened or closed clinic is more than 20km because the regions are un-
likely to be affected by the event. I further exclude the cases that there is any
other change within six months from a change to clearly identify the effects of
each event. Furthermore, I drop the cases when an institution changes only
its provider type—from clinic to hospital, from psychiatry to non-psychiatry
clinic, or others—at the same location.

Figure 2 illustrates how I define treatment region and comparison region.
Each area presents Eup/Myeon/Dong territory, and black circle points inside
the areas are population centroids of each region. The red pentagon point
represents a newly opened psychiatry clinic in Ulju-gun in June, 2015. Due to
the opening of the clinic, the nearest psychiatry clinic of grey regions changed
to the new clinic, while that of white regions remained the same. In this case,
two Si/Gun/Gu-level districts are included in analysis because one region in
Yangsan-si was affected by the opening even though the clinic was established
in Ulju-gun.

With these definitions, Table 2 presents summary statistics of treatment
regions and comparison regions. Panel A indicates that the average distance to

5I exclude Ulleung-gun and Ongjin-gun in analysis because they are islands with no
psychiatry clinic where the straight-line distance is an incomplete measure of travel distance.
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Figure 2: Illustration of Treatment and Comparison Regions with a Psychiatry
Clinic Opening

Notes: This figure shows how treatment region and comparison region are determined in an
example of Ulju-gun and Yangsan-si in June, 2015. Each area presents Eup/Myeon/Dong ter-
ritory, and black circle points inside the areas are population centroids of each region. Orange
diamond points are existing psychaitry clinics near the regions, and the red pentagon point rep-
resents a newly opened psychiatry clinic in Ulju-gun in June, 2015. Gray areas are the regions
whose nearest psychiatry clinic from the population centroids has changed due to the opening
of the clinic, whereas white areas are not.
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Table 2: Summary Statistics

Psychiatry Clinic Openings Psychiatry Clinic Closings

Treatment Comparison Treatment Comparison

Mean Std. dev. Mean Std. dev Mean Std. dev Mean Std. dev

Panel A: Distance to the nearest psychiatry clinic
Before the change (km) 10.03 9.09 4.78 6.87 5.86 6.08 4.75 6.78
After the change (km) 5.73 5.80 4.78 6.87 10.65 10.67 4.75 6.79

Panel B: Change in distances
Difference of distances (km) 4.30 6.65 – – 4.79 8.32 – –
<2km (% of treatment regions) 59.55 – – – 71.78 – – –
2-8km (% of treatment regions) 24.85 – – – 10.37 – – –
>8km (% of treatment regions) 15.61 – – – 17.84 – – –

Panel C: Monthly outpatients visiting psychiatry clinics (per 100,000 people)
All 435.59 208.72 578.20 297.68 444.64 235.15 526.39 258.60
Female 540.24 271.78 722.65 389.77 555.10 319.42 646.50 338.26
Male 332.77 164.29 434.69 227.65 335.00 170.72 404.99 201.42
Ages 18-39 274.15 132.97 331.49 152.11 271.41 131.94 320.25 142.11
Ages 40-59 485.42 227.41 626.65 281.31 486.51 247.70 577.96 252.09
Ages 60-79 792.89 505.08 1173.45 761.16 773.66 553.50 1000.96 659.67
|∆Distance| < 2km 468.85 207.93 – – 483.73 227.13 – –
2km ≤ |∆Distance| ≤ 8km 391.44 168.24 – – 374.87 176.01 – –
|∆Distance| > 8km 315.04 239.17 – – 285.54 226.76 – –

Panel D: Observations
Region-by-event observations 487 1780 241 883
Region-month observations 22640 83071 12035 42776

the nearest psychiatry clinic is shorter in comparison regions than treatment
regions both prior and posterior to changes. The mean difference of distances
in treatment regions is about 4km. About three-fifths of the treatment regions
experienced the change in distances of less than 2km. In 15.6% of the treat-
ment regions, the distance reduced by more than 8km due to the openings.
Panel C shows the average number of monthly outpatients visiting psychiatry
clinics per 100,000 people over two years prior and posterior to the changes.
The average number of outpatients per 100,000 people is larger in comparison
regions than in treatment regions. Females visit psychiatry clinics about 1.6
times more frequently than males. Outpatients-to-population ratios are much
higher among the elderly groups than younger groups. The gap of outpatient-
to-population ratios between treatment and comparison regions increases as
the age increases.

4.2 Model Specifications

My empirical strategies are to estimate the effects of the change in geographic
accessibility on mental health care utilization rates. I employ the Difference-
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in-Differences (DD) estimation strategies combining the event-study approach
that compares the pre- and post-event results in treatment regions, relative to
those of comparison regions. The unit of observation is region-month, and the
analysis period is two years before and after the change.6

yrst = α+βPostrst×Impactrs+Z ′
rstγ+σr+σs ·f (t)+σy (t)+σm (t)+εrst (1)

In the equation (1), yrst refers to one of outcome variables in region r, within
Si/Gun/Gu s, in time t. Postrst indicates post-change periods. Impactrst is
one of four measures of change in accessibility: indicator for treatment regions,
absolute difference of distances, distance to newly opened or closed clinics and
distance to the nearest psychiatry clinic before the change. Zrst is time-varying
covariates–demographic structures, percentage of Medical Care Assistance ben-
eficiaries, average monthly contribution, monthly medical expenses per capita,
Si/Gun/Gu-level local tax per capita and clinic-to-population ratio. σy (t) and
σm (t) are respectively year and month dummies to which the middle date of
each interval belongs. σr and σs are region-by-event and Si/Gun/Gu-by-event
dummies, respectively. σs · f (t) is Si/Gun/Gu-specific quadratic time trends.7

It should be noted that r and s indicate region-by-event and Si/Gun/Gu-by-
event although I omit the subscript to avoid the abuse of notation. If the
distance reduced in 2005 and 2010 in the same region, for example, then ob-
servations obtained during 2003-2006 and 2008-2011 are considered to come
from different regions. This approach is necessary because I stack up region-
level observations with setting the month of change to t = 0, and control for a
time trend associated with each event.

Basic outcome variables are the number of outpatient visits and the num-
ber of outpatients per 100,000 population for each region-month. Log trans-
formed outcome variables are also included to check the validity of estima-
tions. In Section 7, I count the number of outpatients per 100,000 people by

6Though I simply use the term “month,” the actual interval used in analysis is four weeks.
The reason for doing so is to balance the composition of day of week across the time units, as
there are systematic patterns in the number of visits by day of week; for example, patients
visit a doctor most frequently on Mondays.

7The estimates using linear time trends are similar to the ones using quadratic time
trends.
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subgroups—disease, severity of depressive symptoms, age group, sex, and in-
come group—to examine the compositional change in patients. The reasons
for choosing outcome variables in this way are as follows. In medical claims
data, those who have never visited medical institutions cannot be observed
even though they actually have symptoms. As there is no information about
whether an individual indeed has mental illness, it is impossible to analyze the
probability of visit at individual level. Therefore, I employ the approach to
analyze whether the composition of patients as well as the number of patients
are affected by the accessibility change. If a patient lives near a psychiatry
clinic, then they may have more chances to receive treatments even when their
symptoms are less severe. On the other hand, if there is no clinic near the res-
idence, then only those willing to visit a far institution, who are suffering from
severe symptoms or whose opportunity costs are low, would receive treatments.

Two directions of bias might occur due to the fact that clinic openings
and closings are not purely exogenous events. The location and timing of
practice are endogenous in that they would be associated with the demand
for mental health care service in the regions. Practitioners would choose a
favorable timing and location when opening or closing their clinic. Therefore,
it is hard to disentangle the effect of underlying demand trends from the effect
of the change in accessibility. If a practitioner is more likely to open their clinic
where the demand is consistently increasing, then regression coefficients might
be overestimated. One effort to mitigate the endogeneity problem is to reduce
common time trends within the Si/Gun/Gu. In Korea, Si/Gun/Gu is the basic
unit of local autonomy which imposes local taxes on its residents and manages
own budgets, and thus, mental health policies vary across Si/Gun/Gus. For
example, the head of Si/Gun/Gu may establish a suicide prevention center,8

and shall form mental health project plans.9 Due to the facts, it is reasonable
to assume that regions of each Si/Gun/Gu share the similar trends in demand.
Nevertheless, unobservable differences between regions cannot completely be
controlled. Therefore, I further check the timing of the effects using the sharp
Regression Discontinuity (RD) settings (Imbens and Lemieux, 2008; Lee and
Lemieux, 2010):

8Article 13 (Establishment of Suicide Prevention Centers) of Act for the Prevention of
Suicide and the Creation of Culture of Respect for Life.

9Article 4-3 (Formulation of Mental Health Project Plans) of Mental Health Act.
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yrst = βPostrst + f (t) + Z ′
rstγ + σr + σy (t) + σm (t) + εrst, (2)

where Postrst is an indicator for post-change periods, f (t) is a smooth time
trend fully interacted with Postrst, and other variables have the same meanings
as equation (1). β is the parameter of interest, which presents the size of
discontinuity. By utilizing information on the exact date of the opening or
closing, I explore whether there exists a discrete jump in utilization trends due
to the accessibility change.

Another direction of bias occurs when the access to a psychiatry clinic is not
strictly restricted by region. Some Si/Gun/Gus may be so small that people in
“comparison” regions experience almost the same effects as those in “treatment”
regions even though their nearest clinic remains the same. This situation would
more commonly occur if a newly opened clinic or a closed clinic is located within
the accessible distance from the “comparison” regions. If this is the case, the
results would be underestimated. To address this concern, I run the regressions
using not only binary indicator for treatment regions but also the continuous
measures as noted earlier. By including the continuous measures, I examine
how regions are differentially affected by intensity of the change. For example,
there are some regions which are classified into comparison region but whose
distances to a newly opened clinic or closed clinic are shorter than treatment
regions because they have much nearer clinic. Then one might hypothesize
that the distance from the newly opened or closed clinics is more important
than the change in distance, which will be examined below.

5 Effects on Psychiatry Clinic Utilization

In this section, I examine the effects of change in geographic accessibility on
psychiatry clinic utilization. Table 3 presents results for two outcome vari-
ables using a binary indicator for treatment regions as Impactrst. With the
binary measure, I simply compare the outcomes between treatment regions and
comparison regions without considering the heterogeneous impact of change.
Dependent variables of columns (1)–(3) are the number of outpatient visits
in psychiatry clinics per 100,000 people, and those of columns (4)–(6) are the
number of outpatients visiting psychiatry clinics per 100,000 people. The num-
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Table 3: Estimated Effects of Change in Geographic Accessibility on Psychiatry
Clinic Utilization

Dependent variable The number of outpatient visits per 100,000 The number of outpatients per 100,000

(1) (2) (3) (4) (5) (6)

Panel A: Psychiatry Clinic Openings
Post× Treat 31.34∗∗∗ 31.31∗∗∗ 27.02∗∗∗ 16.69∗∗∗ 16.68∗∗∗ 13.76∗∗∗

(6.384) (6.379) (6.675) (3.496) (3.497) (3.587)
Percentage of MCA beneficiaries – -3.215 -3.031 – -0.848 -1.072

(2.240) (2.201) (1.263) (1.203)
Average contributions (1,000 won) – 0.0381 -0.803 – 0.256 -0.108

(0.828) (0.846) (0.494) (0.492)
Medical expenses per capita (1,000 won) – 0.0256 0.0234 – 0.215∗∗ 0.227∗∗∗

(0.144) (0.131) (0.0727) (0.0672)
Local tax per capita – – 0.153∗ – – 0.145∗∗∗

(0.0676) (0.0410)
Number of clinics per 1,000 – – 51.43 – – 28.32

(46.81) (31.04)

Mean of dependent variable 797.8 797.8 809.2 546.7 546.7 553.5
% impact 3.930 3.920 3.340 3.050 3.050 2.490

Periods 2002-2015 2002-2015 2002-2015 2002-2015 2002-2015 2002-2015
Region-month observations 105711 105711 94884 105711 105711 94884
Number of clusters 2267 2267 2128 2267 2267 2128
Adj. R-squared 0.945 0.945 0.948 0.940 0.940 0.947

Panel B: Psychiatry Clinic Closings
Post× Treat -68.94∗∗∗ -69.19∗∗∗ -73.49∗∗∗ -43.75∗∗∗ -44.02∗∗∗ -45.79∗∗∗

(11.01) (10.97) (10.63) (6.848) (6.812) (6.351)
Percentage of MCA beneficiaries – -7.439∗ -5.444 – -3.838∗ -3.290

(3.257) (3.295) (1.712) (1.754)
Average contributions (1,000 won) – -1.676 -0.886 – -1.268∗ -0.631

(0.990) (1.020) (0.571) (0.561)
Medical expenses per capita (1,000 won) – 0.103 0.0792 – 0.131 0.128

(0.218) (0.223) (0.126) (0.123)
Local tax per capita – – -0.0769 – – -0.129∗

(0.104) (0.0551)
Number of clinics per 1,000 – – 9.925 – – 6.715

(31.74) (20.86)

Mean of dependent variable 749.3 749.3 744.5 510.3 510.3 507.9
% impact -9.200 -9.230 -9.870 -8.570 -8.630 -9.020

Periods 2002-2015 2002-2015 2002-2015 2002-2015 2002-2015 2002-2015
Region-month observations 54811 54811 49479 54811 54811 49479
Number of clusters 1124 1124 1041 1124 1124 1041
Adj. R-squared 0.919 0.919 0.933 0.914 0.914 0.935

Notes: All specifications are weighted by the population ages 18–79 of each region. All speci-
fications include controls for Si/Gun/Gu-specific quadratic time trends, demographic controls,
and year, month, and region-by-event fixed effects. Demographic controls include the percentage
of 18–29, 30–39, 40–49, 50–59, and 60–69 years old, and female. Robust standard errors are
corrected for clustering within region-event.
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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ber of outpatient visits is determined by both the size of outpatients and the
visit frequency of patients. Columns (1) and (4) are the baseline specifications
that only include controls for Si/Gun/Gu-specific quadratic time trends, de-
mographic structure as well as year, month, and region-by-event fixed effects.
Demographic controls include the percentage of 18–29, 30–39, 40–49, 50–59,
and 60–69 years old, and the percentage of female.

In Panel A, I find the significant increases in psychiatry clinic utilization
rates when the distance to the nearest psychiatry clinic is reduced. In column
(1) of Panel A, the estimate shows that monthly outpatient visit rate increases
by 31.34 per 100,000 people in treatment regions relative to comparison regions,
which is 3.93% of the mean outpatient visit rate. The effect on the number of
outpatients is 3.05% relative to the mean, which is smaller than the effect on
visit rates. This suggests that outpatients in the treatment regions visit more
frequently than before the change.

The second and the third columns for each dependent variable control for
regional characteristics. Columns (2) and (5) add the region-level variables cal-
culated from the NHID: the percentage of MCA beneficiaries, average monthly
contribution as a proxy for living standards of each region, and monthly med-
ical expenses per capita. The coefficients are similar to the baseline results in
both panels. Columns (3) and (6) add the Si/Gun/Gu-level variables: local
tax per capita and the number of clinics per 1,000 people. The coefficients of
interest are slightly smaller than the previous columns not only because ad-
ditional variables are added, but also because different samples are selected.
In the NHID, some region codes remain even after the codes are out of use
for various reasons. In that case, region codes in the NHID cannot be linked
to other regional data. Nevertheless, the impacts of reduced distance to the
nearest psychiatry clinics are significant and positive across all specifications.
To further verify the results, I run the same regressions on log-transformed de-
pendent variables, and find significant and positive effects as well (Appendix
Table A1).

Panel B presents the results associated with psychiatry clinic closings,
which have larger percent impact than Panel A. Across columns (1)–(6), the
estimated effects of lengthened distance to the nearest psychiatry clinic are
negative and highly significant. The estimates in columns (1)–(3) suggest that
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monthly outpatient visit rate decreases by 9.2–9.8% in treatment regions af-
ter the nearest psychiatry clinic closings. Also, columns (4)–(5) present that
the number of outpatients declines by 8.6–9.0% in treatment regions. Dif-
ferent from Panel A is that the magnitude of effects increases by including
additional controls. Similar to psychiatry clinic openings, the estimates for
log-transformed dependent variables are significant and negative (Appendix
Table A1).

5.1 Timing of Psychiatry Clinic Openings and Closings

As noted earlier, an important concern in this analysis is that there might be
underlying trends in demand for mental health care which cause psychiatry
clinic openings or closings. To address this concern, I run the RD-like regres-
sions specified in equation (2) to examine whether psychiatry clinic utilization
discretely deviates from the existing trends right after the change. Since RD
estimates are sensitive to a model choice, I report two estimation results using
quadratic time trends and cubic time trends in Table 4.

In column (1) of both panels, the estimates in treatment regions with the
expanding accessibility are 6.4–7.6%, significant and positive effects. In addi-
tion, the magnitude of the percentage impacts is large compared to the DD
estimates. In column (2), the estimates of comparison regions are also signif-
icantly positive but much smaller than those of treatment regions. Similarly,
columns (3)–(4) indicate that there is an abrupt change in psychiatry clinic
utilization especially in treatment regions. As a whole, the estimates in Table
4 provide evidence that psychiatry clinic openings and closings would bring an
exogenous shock in treatment regions to some extent.

5.2 Intensity of Impact

Another concern in the above estimates is that they do not differentiate the
intensity of accessibility change. Figure 4 offers suggestive evidence that the
more intensive the changes, the more responsive the regions are. In Figure 4, I
divide treatment regions into three groups by absolute difference of distances to
the nearest psychiatry clinic—less than 2km, between 2km and 4km, and more
than 8km—and plot monthly outpatients per 100,000 people for each group.
As would be expected, Figure 4 shows the different patterns by the amount of
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Figure 3: Effects of the Change in Nearest Distance on Psychiatry Clinic Utilization

(a) Psychiatry Clinic Openings
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(b) Psychiatry Clinic Closings
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Notes: (a) and (b) show monthly outpatients visiting psychiatry clinics per 100,000 people over the
periods relative to the opening and closing, respectively.
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Figure 4: Effects of Change in Geographic Accessibility on Psychiatry Clinic Uti-
lization by Difference of Distances
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(a) Psychiatry Clinic Openings
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(b) Psychiatry Clinic Closings

Notes: (a) and (b) show monthly number of outpatients in psychiatry clinics per 100,000 people for
periods relative to the opening and closing, respectively, by the absolute difference of distances.
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Table 4: Estimated Effects of Change in Geographic Accessibility with Regression
Discontinuity Designs

Psychiatry Clinic Openings Psychiatry Clinic Closings

Treatment Comparison Treatment Comparison
Mean of dependent variable in t = −1 411.3 560.9 460.9 529.1

(1) (2) (3) (4)

Panel A: Quadratic time trend
Post 31.41∗∗∗ 17.23∗∗∗ -62.70∗∗∗ -7.030∗

(4.946) (2.355) (8.784) (2.955)
% impact 7.640 3.070 -13.60 -1.330

Panel B: Cubic time trend
Post 26.13∗∗∗ 18.85∗∗∗ -52.53∗∗∗ 0.631

(4.841) (2.215) (9.182) (3.008)
% impact 6.350 3.360 -11.40 0.120

Notes: The dependent variable is the number of outpatients in psychiatry clinics per 100,000
people for 4 weeks. All specifications are weighted by the population ages 18–79 of each region.
All specifications include controls for Si/Gun/Gu-specific quadratic time trends, demographic
structure, percentage of Medical Care Assistance beneficiaries, average monthly contribution,
monthly medical expenses per capita, clinic-to-population ratio, and year, month, and region-
by-event fixed effects. Demographic controls include the percentages of 18-29, 30-39, 40-49,
50-59, 60-69 years old, and female. Robust standard errors are corrected for clustering within
region-event.
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

distance change. The regions where distance to the nearest psychiatry clinic
changes by more than 8km appear to experience the most significant and largest
jump in the month of change. Moreover, there are no seemingly different trends
across regions over pre-change periods in Figure 4.

To rigorously examine the different impacts by the intensity of treatment,
I use three alternative measures of treatment: absolute difference of distances
to the nearest psychiatry clinic (|∆Distance|), distance to a newly opened
or closed psychiatry clinic (Distance), and distance to the nearest psychiatry
clinic prior to the change (Distancepre). In order to interpret the coefficients
consistently across the measures, I adjust the sign of some measures. Table 5
shows the results employing the specification including the region-level vari-
ables from the NHID for each impact measure.

With regard to psychiatry clinic openings, only absolute difference of dis-
tances (|∆Distance|) produces the significant estimate in columns (4) and (5).
As the distance to the nearest psychiatry clinic is reduced by 1km, 3.1 patients
additionally visits psychiatry clinics per 100,000 people, in which the magni-
tude of percentage impact is 0.57%. To explore the possibility of non-linear
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relationships between the distance change and the utilization, I additionally
estimate the effects by using three dummy variables indicating that difference
of distances is under 2km, between 2km and 8km, and over 8km, respectively.
The result in column (5) is striking. In the regions where the distance to the
nearest psychiatry clinic is reduced more than 8km, outpatient-to-population
ratio increases by 59.2 per 100,000 people; the percentage impact is 18.8%.
This implies that there would have been a substantial amount of unmet pa-
tient needs for mental health care in the regions. Interestingly, the coefficient
of the distance to a newly opened clinic in column (2) is insignificant. One
possible explanation for this is that the amount of increase in mental health
utilization is mainly driven by the amount of underserved patients prior to the
clinic openings. That said, those who already have easy access to care would
not strongly respond to a new psychiatry clinic even if the clinic is located near
their residence.

With psychiatry clinic closings, absolute difference of distances performs
the best in terms of the magnitude. A kilometer increase in the distance is
associated with 1.5% decrease in outpatients. In the regions where the distance
change is more than 8km, the number of outpatients sharply declines by 45.4%.
The results in columns (7) and (8) are complicated to interpret because the
estimates are significantly positive. The measures might be not adequate to
represent the intensity of change if they are not independent of the accessibility
change. For example, it is possible that as the distance to a closed clinic is
short, there are more alternative clinics near there. Therefore, I will use only
the absolute difference of distances among three alternative measures in the
remaining analyses because it is an intuitive measure of the accessibility change
and performs well.
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Table 5: Estimated Effects of Change in Geographic Accessibility on Psychiatry Clinic Utilization Using Alternative Measures

Psychiatry Clinic Openings Psychiatry Clinic Closings

Impact measures ITreat −Distance Distancepre |∆Distance| I|∆Distance| ITreat −Distance −Distancepre |∆Distance| I|∆Distance|
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Impact 16.68∗∗∗ 0.162 0.267 3.097∗∗∗ – -44.02∗∗∗ 1.961∗∗∗ 1.442∗∗∗ -7.840∗∗∗ –
(3.497) (0.176) (0.309) (0.805) (6.812) (0.348) (0.425) (0.767)

I|∆Distance|<2km – – – – 13.37∗∗∗ – – – – -33.67∗∗∗
(3.697) (7.501)

I2km≤|∆Distance|≤8km – – – – 17.40∗ – – – – -62.64∗∗∗
(7.146) (18.45)

I|∆Distance|>8km – – – – 59.20∗ – – – – -129.6∗∗∗
(25.09) (19.73)

Mean of dependent variable 546.7 546.7 546.7 546.7 – 510.3 510.3 510.3 510.3 –
% impact 3.050 0.0300 0.0500 0.570 – -8.630 0.380 0.280 -1.540 –

Region-month observations 105711 105711 105711 105711 105711 54811 54811 54811 54811 54811
Number of clusters 2267 2267 2267 2267 2267 1124 1124 1124 1124 1124
Adj. R-squared 0.940 0.940 0.940 0.940 0.940 0.914 0.913 0.913 0.914 0.914

Notes: The dependent variable is the number of outpatients in psychiatry clinics per 100,000 people for 4 weeks. In (1) and (5), independent variable
is the indicator for post-change in treatment regions. In (2) and (6), independent variable is the absoulte difference of nearest distances. In (3)
and (7), independent variable is negative distance to the opening psychiatry clinics. In (4), independent variable is the nearest distance before the
change, and negative in (8). The unit of each distance measures is kilometer. All specifications are weighted by the population ages 18–79 of each
region. All specifications include controls for Si/Gun/Gu-specific quadratic time trends, demographic structure, percentage of Medical Care Assistance
beneficiaries, average monthly contribution, monthly medical expenses per capita, clinic-to-population ratio, and year, month, and region-by-event
fixed effects. Demographic controls include the percentages of 18-29, 30-39, 40-49, 50-59, 60-69 years old, and female. Robust standard errors are
corrected for clustering within region-event.
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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6 Heterogeneous Responses by Subgroups

In this section, I examine the differential responses to the change in geographic
accessibility by subgroups. In the following analyses, I employ the model using
the number of outpatients visiting psychiatry clinics per 100,000 residents as a
dependent variable and the difference of distances as an independent variable,
and including the region-level time-varying covariates.

6.1 Heterogeneity by Disease

I first investigate to what extent psychiatry clinic utilization differentially
respond to the change in accessibility by disease. Using ICD-10 (Interna-
tional Classification of Diseases 10th Revision) diagnosis codes10 that medical
providers report when they claim reimbursement, I classify outpatients whose
primary diagnosis code starts with “F,” which categorizes “Mental, Behavioral
and Neurodevelopmental disorders,” into six groups (Appendix Table A2).

Table 6 presents the estimated effects by diseases. Panel A indicates
that psychiatry clinic utilization for all types of mental illnesses except for
schizophrenia significantly increases after clinic openings. In terms of the per-
centage impact, patients with dementia, alcohol use disorders, and neurotic
disorders are more responsive to the distance reduction than average. In Panel
B, all types of mental illnesses show significant decreases in psychiatry clinic
utilization. In particular, alcohol use disorder exhibits the largest percent im-
pact.

One threat to the interpreting of results on dementia and alcohol use disor-
ders is that they are too rare diseases; average number of outpatients with those
symptoms is only 4–7 per 100,000 people. Therefore, alternative specifications
such as Poisson regression need to be added in future work.

10During 2002 to 2015, Korea implemented 5th and 6th version of Korean Standard Clas-
sification of Diseases (KCD) diagnosis codes: KCD-5 (2002-2010) and KCD-6 (2011-2015).
Since both codes are constructed on the basis of ICD-10, they share the same codes for most
of diseases. Therefore, in order to prevent confusion, I will adopt the term “ICD-10” instead
of KCD-5 or KCD-6.
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Table 6: Estimated Effects of Change in Geographic Accessibility on Psychiatry
Clinic Utilization by Disease

All Dementia Alcohol Usea Schizop.b Moodc Neuroticd Others
ICD-10: F00-F03 F10 F20-F29 F30-F39 F40-F48

(1) (2) (3) (4) (5) (6) (7)

Panel A: Psychiatry Clinic Openings
|∆Distance| (km) 3.097∗∗∗ 0.119∗ 0.0868∗ 0.0159 1.003∗ 1.474∗∗∗ 0.462∗∗∗

(0.805) (0.0481) (0.0433) (0.126) (0.502) (0.267) (0.107)
Mean of dependent variable 546.7 7.050 4.310 55.41 275.5 164.4 34.03
% impact 0.570 1.690 2.010 0.0300 0.360 0.900 1.360
Region-month observations 105711 105711 105711 105711 105711 105711 105711
Number of clusters 2267 2267 2267 2267 2267 2267 2267

Panel B: Psychiatry Clinic Closings
|∆Distance| (km) -7.840∗∗∗ -0.0758∗ -0.139∗∗∗ -0.744∗∗∗ -3.941∗∗∗ -1.899∗∗∗ -0.471∗∗∗

(0.767) (0.0332) (0.0401) (0.145) (0.424) (0.254) (0.0928)
Mean of dependent variable 510.3 3.970 4.500 55.31 258.9 154.5 31.58
% impact -1.540 -1.910 -3.080 -1.350 -1.520 -1.230 -1.490
Region-month observations 54811 54811 54811 54811 54811 54811 54811
Number of clusters 1124 1124 1124 1124 1124 1124 1124

Notes: The dependent variables are the number of outpatients in psychiatry clinics per 100,000
people for 4 weeks. All specifications are weighted by the population ages 18–79 of each region.
All specifications include controls for Si/Gun/Gu-specific quadratic time trends, demographic
structure, percentage of Medical Care Assistance beneficiaries, average monthly contribution,
monthly medical expenses per capita, clinic-to-population ratio, and year, month, and region-
by-event fixed effects. Demographic controls include the percentages of 18-29, 30-39, 40-49,
50-59, 60-69 years old, and female. Robust standard errors are corrected for clustering within
region-event.
a Mental and behavioural disorders due to use of alcohol.
b Schizophrenia schizotypal and delusional disorders.
c Mood [affective] disorders.
d Neurotic, stress-related and somatoform disorders.
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 7: Estimated Effects of Change in Geographic Accessibility on Psychiatry
Clinic Utilization by Severity of Depression

Severity of Depression Use of Antidepressant

All Depression Mild Moderate Severe Psychotic Others Non-use Use
(1) (2) (3) (4) (5) (6) (7) (8)

Panel A: Psychiatry Clinic Openings
|∆Distance| (km) 1.060∗ 0.178 0.724∗∗ 0.0989 0.0852 -0.0267 0.331∗∗ 0.759∗

(0.424) (0.201) (0.234) (0.0732) (0.0841) (0.152) (0.127) (0.374)
Mean of dependent variable 203.6 57.43 73.19 17.17 5.330 50.46 39.24 168.4
% impact 0.520 0.310 0.990 0.580 1.600 -0.0500 0.840 0.450
Region-month observations 105711 105711 105711 105711 105711 105711 105711 105711
Number of clusters 2267 2267 2267 2267 2267 2267 2267 2267

Panel B: Psychiatry Clinic Closings
|∆Distance| (km) -3.355∗∗∗ -0.975∗∗∗ -0.823∗∗∗ -1.222∗∗∗ -0.0645 -0.270 -0.417∗∗∗ -2.987∗∗∗

(0.350) (0.187) (0.166) (0.185) (0.0491) (0.151) (0.119) (0.324)
Mean of dependent variable 190.8 64.95 64.78 15.54 4.570 40.92 44.07 151.7
% impact -1.760 -1.500 -1.270 -7.860 -1.410 -0.660 -0.950 -1.970
Region-month observations 54811 54811 54811 54811 54811 54811 54811 54811
Number of clusters 1124 1124 1124 1124 1124 1124 1124 1124

Notes: The dependent variables are the number of outpatients in psychiatry clinics per 100,000
people for 4 weeks. All specifications are weighted by the population ages 18–79 of each region.
All specifications include controls for Si/Gun/Gu-specific quadratic time trends, demographic
structure, percentage of Medical Care Assistance beneficiaries, average monthly contribution,
monthly medical expenses per capita, clinic-to-population ratio, and year, month, and region-
by-event fixed effects. Demographic controls include the percentages of 18-29, 30-39, 40-49,
50-59, 60-69 years old, and female. Robust standard errors are corrected for clustering within
region-event.
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

6.2 Heterogeneity by Severity of Depression

Next, I concentrate only on depression, which takes the largest proportion
among mental health treatments. I explore whether those with milder depres-
sive symptoms are more sensitive to geographic accessibility. Using ICD-10
codes, I again classify outpatients who have been diagnosed with the codes
starting with “F32”—single episode of depressive disorder—or “F33”—recurrent
depressive disorder (Appendix Table A3).

Interestingly, the estimates in Table 7 provide evidence that patients with
moderamorete depression are the most responsive to the expanding accessi-
bility. In Panel A, outpatients with moderate depression increase by 1.0% as
the distance to the nearest psychiatry clinic decreases by 1km. These effects
are larger than the effects for all depression, 0.5% increase per 1km reduction.
Unlike Panel A, outpatients with severe depression are more responsive to the
psychiatry clinic closings than those with mild or moderate depression. In
column (4) of Panel B, it is shown that outpatient-to-population ratio with
severe depression significantly decreases by 7.9% per 1km increase in the dis-
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tance from the nearest psychiatry clinic, which is a fairly large estimate. These
findings indicate that there the effects of the psychiatry clinic openings and
closings might be not symmetrical.

A caveat in this analysis is that the recorded diagnosis codes might re-
flect physician’s diagnosing style. Even the same patient, for example, might
be recorded with different diagnosis codes by different physicians because of
their discretion to diagnose. If this is the case, the estimates would just reflect
the effects that psychiatrists who tend to diagnose depressive symptoms as
milder have opened clinics. Thus, I further check this possibility using pre-
scription records by observing whether antidepressants are used for treatment.
It is assumed that patients taking antidepressants have more severe symptoms
than the counterparts. Consistent to the previous results, patients not tak-
ing antidepressants are more responsive in Panel A, whereas patients taking
antidepressants are so in Panel B.

The results can provide important policy implications. As would be ex-
pected, a policy to expand geographic access to mental health care would be
effective especially to moderate patients. On the contrary, when a clinic is
closed, those with severe symptoms or those taking antidepressants will be
strongly affected. Therefore, a policy will be needed to support them to con-
tinue treatment despite the clinic closing.

6.3 Heterogeneity by Demographic Groups

I next investigate the differential responses to change in geographic accessibility
by demographic groups; age, sex, and income. Each dependent variable is the
number of outpatients per 100,000 population of each demographic group.
Table 8 presents the estimated effects on age-specific outpatient-to-population
ratios. In Panel A, psychiatry clinic utilization significantly increases across
all age groups. Especially, patients ages 30–39, 40–49 and 50–59 are more
responsive to the accessibility change than average. Especially, 1km reduction
in the distance is related to 0.8% increase in outpatients aged 40–49. Young
adult groups and the elderly groups are less responsive to the change. One
potential reason for this is that opportunity costs of the middle-aged groups
are higher than other age groups. In Panel B, all age groups show negative
estimates and those aged 50–59 and 70–79 are the most responsive to the
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change. Similar to Panel A, patients aged 18-29 are the least responsive.
Table 9 shows the estimated effects by sex and income group. In Panel A,

females present larger responsiveness, while Panel B indicates that males and
females present almost the same responsiveness to the change. Next, income
quintile is calculated using average monthly contributions of the insured if
they are not an MCA beneficiary. The estimates are significant across all
income groups in Panel B and do not highly vary across income group. In
Panel A, except for MCA beneficiary and the second income quintile group,
the estimates are significantly positive.

Table 8: Estimated Effects of Change in Geographic Accessibility on Psychiatry
Clinic Utilization by Age

All 18-29 30-39 40-49 50-59 60-69 70-79
(1) (2) (3) (4) (5) (6) (7)

Panel A: Psychiatry Clinic Openings
|∆Distance| (km) 3.097∗∗∗ 1.178∗ 2.367∗∗ 3.988∗∗∗ 4.181∗∗∗ 4.651∗∗ 5.325∗

(0.805) (0.535) (0.839) (0.926) (1.260) (1.594) (2.272)
Mean of dependent variable 546.7 246.1 389.9 515.7 709.8 958.6 1316.7
% impact 0.570 0.480 0.610 0.770 0.590 0.490 0.400
Region-month observations 105711 105711 105711 105711 105711 105711 105711
Number of clusters 2267 2267 2267 2267 2267 2267 2267

Panel B: Psychiatry Clinic Closings
|∆Distance| (km) -7.840∗∗∗ -2.781∗∗∗ -5.610∗∗∗ -6.479∗∗∗ -11.01∗∗∗ -11.13∗∗∗ -18.31∗∗∗

(0.767) (0.538) (0.811) (1.106) (1.399) (1.799) (3.096)
Mean of dependent variable 510.3 244.8 378.1 492.9 652.1 855.8 1123.1
% impact -1.540 -1.140 -1.480 -1.310 -1.690 -1.300 -1.630
Region-month observations 54811 54811 54811 54811 54811 54811 54811
Number of clusters 1124 1124 1124 1124 1124 1124 1124

Notes: The dependent variables are the number of outpatients in psychiatry clinics per 100,000
people for 4 weeks. All specifications are weighted by the population of each age group. All spec-
ifications include controls for Si/Gun/Gu-specific quadratic time trends, demographic structure,
percentage of Medical Care Assistance beneficiaries, average monthly contribution, monthly med-
ical expenses per capita, clinic-to-population ratio, and year, month, and region-by-event fixed
effects. Demographic controls include the percentages of 18-29, 30-39, 40-49, 50-59, 60-69 years
old, and female. Robust standard errors are corrected for clustering within region-event..
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

7 Substitution between Provider Types

In this section, I extend scope of analysis by investigating substitution effects
between provider types. As noted earlier, patients can access to any provider
in Korea. Therefore, patients might respond to the change in geographic access
to care by substituting a provider. To analyze this aspect, I limit the sample
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Table 9: Estimated Effects of Change in Geographic Accessibility on Psychiatry
Clinic Utilization by Sex and Income

Sex Income Quintile

All Male Female MCAa 1st 2nd 3rd 4th 5th
(1) (2) (3) (4) (5) (6) (7) (8) (9)

Panel A: Psychiatry Clinic Openings
|∆Distance| (km) 3.097∗∗∗ 1.759∗∗ 4.447∗∗∗ 4.173 3.071∗∗ 2.165 3.720∗∗ 4.832∗∗∗ 1.189∗

(0.805) (0.591) (1.196) (3.667) (1.113) (1.293) (1.316) (1.278) (0.506)
Mean of dependent variable 546.7 412.1 682.5 2080.8 563.9 550.2 587.9 722.8 187.7
% impact 0.570 0.430 0.650 0.200 0.540 0.390 0.630 0.670 0.630
Region-month observations 105711 105711 105711 105711 105711 105711 105711 105711 105711
Number of clusters 2267 2267 2267 2267 2267 2267 2267 2267 2267

Panel B: Psychiatry Clinic Closings
|∆Distance| (km) -7.840∗∗∗ -5.976∗∗∗ -9.737∗∗∗ -29.21∗∗∗ -6.682∗∗∗ -7.027∗∗∗ -8.916∗∗∗ -11.92∗∗∗ -2.823∗∗∗

(0.767) (0.720) (0.974) (6.627) (1.234) (1.247) (0.998) (1.380) (0.560)
Mean of dependent variable 510.3 391.1 628.6 1738.8 514.4 515.4 555.6 693 192.2
% impact -1.540 -1.530 -1.550 -1.680 -1.300 -1.360 -1.600 -1.720 -1.470
Region-month observations 54811 54811 54811 54811 54811 54811 54811 54811 54811
Number of clusters 1124 1124 1124 1124 1124 1124 1124 1124 1124

Notes: The dependent variables are the number of outpatients in psychiatry clinics per 100,000
people for 4 weeks. All specifications are weighted by the population of each demographic group.
All specifications include controls for Si/Gun/Gu-specific quadratic time trends, demographic
structure, percentage of Medical Care Assistance beneficiaries, average monthly contribution,
monthly medical expenses per capita, clinic-to-population ratio, and year, month, and region-
by-event fixed effects. Demographic controls include the percentages of 18-29, 30-39, 40-49,
50-59, 60-69 years old, and female. Robust standard errors are corrected for clustering within
region-event.
∗ MCA beneficiaries, ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Table 10: Estimated Effects of Change in Geographic Accessibility on Outpatient
Utilization by Provider Type

All Outpatient General Hospital Hospital Non-psy. Clinic Psy. Clinic
(1) (2) (3) (4) (5)

Panel A: Psychiatry Clinic Openings
Impact = ITreat 16.73∗∗∗ -5.458∗∗ -1.067 1.634 21.62∗∗∗

(4.771) (2.008) (1.063) (1.596) (3.433)
Impact = |∆Distance| (km) 2.068∗∗ -1.772∗∗ 0.0952 0.0205 3.724∗∗∗

(0.705) (0.600) (0.213) (0.279) (0.831)
Mean of dependent variable 1039.8 242.8 103.9 147.8 545.3

Panel B: Psychiatry Clinic Closings
Impact = ITreat -18.80∗ -2.275 10.53∗∗∗ 16.88∗∗∗ -43.94∗∗∗

(8.988) (3.149) (2.450) (4.025) (6.431)
Impact = |∆Distance| (km) -2.250∗∗ -0.426 4.535∗∗∗ 0.860 -7.219∗∗∗

(0.718) (0.326) (0.556) (0.459) (0.758)
Mean of dependent variable 991.4 242.6 94.71 142.2 511.8

Notes: The dependent variables are the number of outpatients in each provider type per 100,000
people for 4 weeks. All specifications are weighted by the population ages 18–79 of each region.
All specifications include controls for Si/Gun/Gu-specific quadratic time trends, demographic
structure, percentage of Medical Care Assistance beneficiaries, average monthly contribution,
monthly medical expenses per capita, clinic-to-population ratio, and year, month, and region-
by-event fixed effects. Demographic controls include the percentages of 18-29, 30-39, 40-49,
50-59, 60-69 years old, and female. Robust standard errors are corrected for clustering within
region-event.
Each panel shows the results for two distinct regression using different measures of the change
in geographic accessibility. The number of region-month observations is 57611 in Panel A, and
29277 in Panel B. The number of cluster is 2267 in Panel A, and 1124 in Panel B.
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Figure 5: Effects of Change in Geographic Accessibility on Outpatients Visiting
General Hospitals

(a) Psychiatry Clinic Openings
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(b) Psychiatry Clinic Closings
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Notes: (a) and (b) show monthly outpatients visiting general hospitals per 100,000 people over the
periods relative to the opening and closing, respectively.
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to one year before and after the change, which is shorter term than the pre-
vious analyses. One concern in this analysis is that it is hard to differentiate
the substitution effects from the effects of severity of illnesses. In principle,
the health care delivery system has a hierarchical order that generally severe
patients go to hospitals or general hospitals rather than clinics. To address
this concern, I only include outpatients in analysis, yet this effort cannot fully
remove the effects of severity of illnesses.

Figure 5 provides graphical evidence that patients visiting general hospitals
for outpatient care decrease (increase) after the opening (closing) of a psychi-
atry clinic in treatment regions, relative to comparison regions. Figure 5(a)
indicates that the growth of patients visiting general hospitals relatively slows
down in treatment regions in post-change periods, although there is no differ-
ent trends from comparison regions before the change. Figure 5(b) shows the
opposite; in the post-change periods, the increase in patients visiting general
hospitals is accelerating relative to comparison regions.

Table 10 presents the estimated effects of change in accessibility on the
number of outpatients per 100,000 people by provider type. To check whether
the results are sensitive to model specification, I run the regressions using two
measures of impact. In both panels, the changes in overall outpatients are
less than the changes in outpatients visiting psychiatry clinic. If there is no
substitution effect on the choice of provider, only the estimates for psychiatry
clinic would change. In column (1) of Panel A, it is found that the increase
in number of outpatients visiting any provider is about three fourths of the
increase in outpatients visiting psychiatry clinics. I also find that regardless of
model choices, the number of outpatients visiting general hospitals significantly
decreases in treatment regions relative to comparison regions. As the distance
from the nearest psychiatry clinic is reduced by 1km, outpatient-to-population
ratio in general hospitals declines by 0.7%. The losses of patients in general
hospitals offset the gains in psychiatry clinic by 25%. In Panel B of Table 10,
outpatients visiting hospitals and non-psychiatry clinics increase in response
to the psychiatry clinic closings.

These findings can partly support the idea that there may be substitution
effects. Patients may differently choose the provider for outpatient care de-
pending on geographic access to primary care. If this is the case, an important
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policy implication is that the restricted access to clinic might lead to the dis-
tortion of health care utilization in terms of the health care delivery system.
When a patient with moderate symptoms goes to a general hospital or a hospi-
tal because they have no psychiatry clinic near their residence, then this raises
the insurer’s expenses as well as the patient’s. Furthermore, the fact that some
patients needing primary care visit upper level institutions itself alludes that
there are a lot of unmet needs for mental health care in Korea.

8 Discussion and Conclusion

Although mental health care utilization is very low, little has been known
about which factors matter to patients needing care in Korea. In this paper,
I explore whether and to what extent the change in geographic accessibility
affects mental health care utilization using the National Health Information
Database.

In the regions where the distance to the nearest psychiatry clinic decreases,
I find the significant increase in psychiatry clinic utilization in the post-change
periods. In particular, the discrete jump in the month of change is found, which
supports the causal relationship between geographic accessibility and mental
health care utilization. Among the regions where the distance reduction is
more than 8km, outpatients visiting psychiatry clinics sharply increases by
18.8%. Also, it is found that general hospital utilization declines after the
distance to the nearest psychiatry clinic is reduced. These findings imply that
there would be a substantial amount of unmet needs for mental health care in
the regions where geographic access to psychiatry clinics is poor.

I also estimate the effects by subgroups. The estimates indicate that pa-
tients with moderate depression are highly responsive to the psychiatry clinic
openings, while those with severe symptoms are susceptible to the closings.
Patients with dementia, alcohol use disorders and neurotic disorders are more
likely to visit psychiatry clinics when the clinic becomes nearer. Patients aged
50–59 are found to be the most responsive to the expanding accessibility among
age groups. The effects of change in distance are quite even across sex or in-
come groups.

There are some limitations in my analysis. One primary limitation for us-
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ing medical records is that there is no information about treatments outside
medical institutions such as psychological counseling centers. For various rea-
sons, people choose different types of treatments. Thus, it is probable that
those visiting medical institutions are biased. Also, there are under-reporting
problems in medical claims data. Patients can request not to report their med-
ical records to the insurer by paying the entire cost of treatments; in that case,
they should pay about 3.3 times in clinic-level institutions. Therefore, this
data might include only less stigmatized patients.

Even considering the limits, my results are striking: people respond to the
physical distance to psychiatry clinics. In 2015, 33% of Si/Gun/Gus still have
no psychiatry clinic at all, and 11% of population live in the regions where the
nearest psychiatry clinic is over 10km. Accordingly, by targeting those regions
when assigning psychiatrists to Mental Health Center, the government would
maximize the effects.

References

Astell-Burt, T., Flowerdew, R., Boyle, P. J., and Dillon, J. F. (2011). Does
geographic access to primary healthcare influence the detection of hepatitis
C? Social Science & Medicine, 72(9):1472–1481.

Avdic, D. (2016). Improving efficiency or impairing access? Health care con-
solidation and quality of care: Evidence from emergency hospital closures in
Sweden. Journal of Health Economics, 48:44–60.

Bharadwaj, P., Pai, M. M., and Suziedelyte, A. (2015). Mental Health Stigma.
Working Paper 21240, National Bureau of Economic Research.

Bondurant, S. R., Lindo, J. M., and Swensen, I. D. (2016). Substance Abuse
Treatment Centers and Local Crime. Working Paper 22610, National Bureau
of Economic Research.

Boscoe, F. P., Henry, K. A., and Zdeb, M. S. (2012). A Nationwide Comparison
of Driving Distance Versus Straight-Line Distance to Hospitals. The Profes-
sional geographer : the journal of the Association of American Geographers,
64(2).

31



Buchmueller, T. C., Jacobson, M., and Wold, C. (2006). How far to the
hospital? Journal of Health Economics, 25(4):740–761.

Fortney, J., Rost, K., Zhang, M., and Warren, J. (1999). The impact of ge-
ographic accessibility on the intensity and quality of depression treatment.
Medical Care, 37(9):884–893.

Fortney, J. C., Booth, B. M., Blow, F. C., Bunn, J. Y., and Cook, C. A. L.
(1995). The Effects of Travel Barriers and Age on the Utilization of Alco-
holism Treatment Aftercare. The American Journal of Drug and Alcohol
Abuse, 21(3):391–406.

Harman, J. S., Edlund, M. J., and Fortney, J. C. (2004). Disparities in the Ad-
equacy of Depression Treatment in the United States. Psychiatric Services,
55(12):1379–1385.

Health Insurance Review and Assessment Service (2016). Current States of
Medical Institutions.

Imbens, G. W. and Lemieux, T. (2008). Regression discontinuity designs: A
guide to practice. Journal of econometrics, 142(2):615–635.

Jeong, J., Chae, H., Yun, S., Choe, J., and Hwang, D. (2012). A Study on
the Current State of Mental Health Resources in Korea. Technical report,
Korea Institute for Health and Social Affairs.

Lee, D. S. and Lemieux, T. (2010). Regression Discontinuity Designs in Eco-
nomics. Journal of Economic Literature, 48(2):281–355.

Lee, S. K., Cho, E., Kim, M. J., Kim, J. E., Kim, S. E., and Hyun, S. J. (2009).
The Characteristics of the Location of Medical Specialists’ Office in Korea.
Korean J Fam Med, 30(4):292–300.

Ministry of Health and Welfare (2016). Press Release - "They sent the signal
for help, but we did not know".

Morris, S. and Gravelle, H. (2008). GP supply and obesity. Journal of Health
Economics, 27(5):1357–1367.

32



Newhouse, J. P., Williams, A. P., Bennett, B. W., and Schwartz, W. B. (1982).
Where have all the doctors gone? JAMA, 247(17):2392–2396.

OECD (2014). Suicide rates (Indicator). Technical report, OECD Publishing.

OECD (2015). Antidepressant drugs consumption, 2000 and 2013 (or nearest
years). Health at a Glance 2015, Paris.

Office for Government Policy Coordination (2016). Press Release - The results
of the 78th Government Policy Coordination Council.

Rosenthal, M. B., Zaslavsky, A., and Newhouse, J. P. (2005). The geographic
distribution of physicians revisited. Health Services Research, 40(6p1):1931–
1952.

Seong, S. C., Kim, Y.-Y., Khang, Y.-H., Park, J. H., Kang, H.-J., Lee, H., Do,
C.-H., Song, J.-S., Bang, J. H., Ha, S., Lee, E.-J., and Shin, S. A. (2016).
Data Resource Profile: The National Health Information Database of the
National Health Insurance Service in South Korea. International Journal of
Epidemiology, page dyw253.

Swensen, I. D. (2015). Substance-abuse treatment and mortality. Journal of
Public Economics, 122:13–30.

Thornton, R. L. (2008). The Demand for, and Impact of, Learning HIV Status.
American Economic Review, 98(5):1829–1863.

Yamashita, T. and Kunkel, S. R. (2010). The association between heart disease
mortality and geographic access to hospitals: County level comparisons in
Ohio, USA. Social Science & Medicine, 70(8):1211–1218.

33



A Appendix

Table A1: Estimated Effects of Change in Geographic Accessibility on Psychiatry
Clinic Utilization

Dependent variable Log-transformed number of outpatient visits Log-transformed number of outpatients

(1) (2) (3) (4) (5) (6)

Panel A: Psychiatry Clinic Openings
Post× Treat 0.0877∗∗∗ 0.0876∗∗∗ 0.0858∗∗∗ 0.0713∗∗∗ 0.0710∗∗∗ 0.0683∗∗∗

(0.0104) (0.0104) (0.00940) (0.00957) (0.00958) (0.00841)
Percentage of MCA beneficiaries -0.00526 -0.00460 -0.00412 -0.00391

(0.00413) (0.00302) (0.00394) (0.00274)
Average contributions (1,000 won) 0.0000149 0.000269 0.00109 0.00162

(0.00172) (0.00107) (0.00169) (0.00104)
Medical expenses per capita (1,000 won) -0.000183 -0.0000851 0.000139 0.000259∗

(0.000188) (0.000147) (0.000172) (0.000127)
Local tax per capita 0.000419∗∗∗ 0.000443∗∗∗

(0.000101) (0.0000881)
Number of clinics per 1,000 -0.0230 -0.0756

(0.0755) (0.0720)

Periods 2002-2015 2002-2015 2002-2015 2002-2015 2002-2015 2002-2015
Region-month observations 105711 105711 94884 105711 105711 94884
Number of clusters 2267 2267 2128 2267 2267 2128
Adj. R-squared 0.946 0.946 0.971 0.945 0.945 0.974

Panel B: Psychiatry Clinic Closings
Post× Treat -0.0980∗∗∗ -0.0978∗∗∗ -0.0909∗∗∗ -0.0929∗∗∗ -0.0927∗∗∗ -0.0865∗∗∗

(0.0224) (0.0225) (0.0181) (0.0227) (0.0228) (0.0189)
Percentage of MCA beneficiaries -0.0000103 0.00590 0.00126 0.00529

(0.00545) (0.00480) (0.00540) (0.00476)
Average contributions (1,000 won) 0.000584 0.0000332 0.00103 0.00113

(0.00238) (0.00151) (0.00238) (0.00152)
Medical expenses per capita (1,000 won) -0.000287 0.000115 -0.0000465 0.000364

(0.000381) (0.000267) (0.000359) (0.000241)
Local tax per capita -0.0000279 -0.000314∗

(0.000154) (0.000131)
Number of clinics per 1,000 -0.0350 -0.00520

(0.0486) (0.0499)

Periods 2002-2015 2002-2015 2002-2015 2002-2015 2002-2015 2002-2015
Region-month observations 54811 54811 49479 54811 54811 49479
Number of clusters 1124 1124 1041 1124 1124 1041
Adj. R-squared 0.929 0.929 0.967 0.922 0.922 0.968

Notes: All specifications are weighted by the population ages 18–79 of each region. All specifica-
tions include controls for Si/Gun/Gu-specific quadratic time trends, demographic controls, and
year, month, and region-by-event fixed effects. Demographic controls include the percentage of
18-29, 30-39, 40-49, 50-59, 60-69 years old, and female. Robust standard errors are corrected for
clustering within region-event.
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table A2: Classification of ICD-10 F Codes

ICD-10 Disease

F00-F03 Dementia
F10 Mental and behavioural disorders due to use of alcohol
F20-F29 Schizophrenia schizotypal and delusional disorders
F30-F39 Mood [affective] disorders
F40-F48 Neurotic, stress-related and somatoform disorders
F11-F19, F04-F09, F50-F69, F70-F99 Other mental and behavioural disorders

Table A3: Classification of Depression

Severity ICD-10 Description

Mild F320 Mild depressive episode
F330 Recurrent depressive disorder, current episode mild

Moderate F321 Moderate depressive episode
F331 Recurrent depressive disorder, current episode moderate

Severe F322 Severe depressive episode without psychotic symptoms
F332 Recurrent depressive disorder, current episode severe without psychotic symptoms

Psychotic F323 Severe depressive episode with psychotic symptoms
F333 Recurrent depressive disorder, current episode severe with psychotic symptoms
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Figure A1: Distance to the Nearest Psychiatry Clinic from Population Centroids of
Eup/Myeon/Dong

(a) 2002 (b) 2009

(c) 2015
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Figure A2: Relationship between the Change in Distance to the Nearest Psychiatry
Clinic and Psychiatry Clinic Utilization
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Notes: The X axis of the scatterplot is the difference of log distances to each of the nearest
psychiatry clinics before and after the change. Each dot presents the difference of log number
of outpatients in psychiatry clinics per 100,000 people one year before and after the change.

37



 

 1 

 

 

국 문 초 록 

 

 
한국의 자살률은 OECD 국가 중 최고 수준이지만, 정신건강 의료이용 

수준은 매우 낮다. 이 논문은 국민건강정보자료를 이용해 정신건강의학

과 의원에 대한 지리적 접근성의 변화가 정신건강 의료이용에 어떤 영향

을 미치는지를 탐구한다. 분석 방법으로는 사건연구(event-study) 접

근법과 이중차분법(Difference-in-Differences)을 결합하여 읍면동 수

준에서 월별 결과 변수를 비교하는 방법을 사용한다. 읍면동 수준의 지

리적 접근성은 인구중심으로부터 가장 가까운 정신과 의원까지의 직선거

리로 측정되며, 지리적 접근성의 변화는 그 거리가 정신과 의원의 개업 

혹은 폐업으로 짧아지거나 길어지는 경우를 의미한다.  

분석 결과 10만 명당 외래 환자 수는 정신과 의원 개업 이후 3.1% 증

가하고, 폐업 이후 8.6% 감소하는 것으로 나타났다. 특히, 가장 가까운 

정신과 의원까지의 거리가 8km 이상 증가한 지역에서는 외래 환자 수

가 45.4% 감소하였다. 치매, 알코올 사용 장애, 신경증적 장애 환자는 

접근성이 확대될 때 정신과 의원에 방문할 확률이 높았다. 또한, 경미한 

증상의 우울증 환자가 접근성 확대에 더 민감하게 반응하였다. 끝으로, 

가장 가까운 정신과 의원까지의 거리가 증가할 때 병원급 기관 이용이 

증가하는 모습이 나타났다.  

 

주요어 : 지리적 접근성, 정신건강 의료이용 

학  번 : 2014-22306 

 

 

 

 

 

 


	1 Introduction
	2 Backgrounds
	2.1 The Korean Health Care System
	2.2 Geographic Access to Psychiatrists in Korea

	3 Data
	4 Empirical Strategy
	4.1 Measures of Change in Geographic Access to Psychiatry Clinics
	4.2 Model Specifications

	5 Effects on Psychiatry Clinic Utilization
	5.1 Timing of Psychiatry Clinic Openings and Closings
	5.2 Intensity of Impact

	6 Heterogeneous Responses by Subgroups
	6.1 Heterogeneity by Disease
	6.2 Heterogeneity by Severity of Depression
	6.3 Heterogeneity by Demographic Groups

	7 Substitution between Provider Types
	8 Discussion and Conclusion
	A Appendix
	국문초록


<startpage>6
1 Introduction 1
2 Backgrounds 3
 2.1 The Korean Health Care System 3
 2.2 Geographic Access to Psychiatrists in Korea 4
3 Data 5
4 Empirical Strategy 7
 4.1 Measures of Change in Geographic Access to Psychiatry Clinics 7
 4.2 Model Specifications 10
5 Effects on Psychiatry Clinic Utilization 13
 5.1 Timing of Psychiatry Clinic Openings and Closings 16
 5.2 Intensity of Impact 16
6 Heterogeneous Responses by Subgroups 22
 6.1 Heterogeneity by Disease 22
 6.2 Heterogeneity by Severity of Depression 24
 6.3 Heterogeneity by Demographic Groups 25
7 Substitution between Provider Types 26
8 Discussion and Conclusion 30
A Appendix 34
국문초록 38
</body>

