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Objectives: This study examined the effect of out-of-pocket (OOP) payment reduction on the potential utilization of low-value mag-
netic resonance imaging (MRI) across income groups.

Methods: We conducted an experimental vignette survey using a proportional quota-based sample of individuals in Korea (n=1229).
In two hypothetical vignettes, participants were asked whether they would be willing to use MRI if they had uncomplicated headache
and non-specific low back pain, each before and after OOP payment reduction. To account for the possible role of physician induce-
ment, half of the participants were initially presented with vignettes that included a physician recommendation for low-value care.
The predicted probability, slope index of inequality (Sll), and relative index of inequality (RIl) were calculated using logistic regression.
Results: Before OOP payment reduction, the lowest income quintile was least likely to use low-value MRI regardless of physician in-
ducement (36.7-49.6% for low back pain; 30.5-39.3% for headache). After OOP payment reduction, almost all individuals in each in-
come quintile were willing to use low-value MRI (89.8-98.0% for low back pain; 78.1-90.3% for headache). Absolute and relative in-
equalities concerning potential low-value MRI utilization decreased after OOP payments were reduced, even without physician in-
ducement (SlI: from 8.15 to 5.37%, RIl: from 1.20 to 1.06 for low back pain; SlI: from 6.99 to 0.83%, RIl: from 1.20 to 1.01 for headache).
Conclusions: OOP payment reduction for MRI has the potential to increase low-value care utilization among all income groups while
decreasing inequality in low-value care utilization.
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ed the scope of insurance coverage to ensure equal financial
access to health care and prevent catastrophic health care ex-
penditures. Medical procedures such as brain magnetic reso-
nance imaging (MRI) have had a higher proportion of their costs
covered by the NHI since 2018. Between 2017 and 2020, the
number of brain MRI scans received by headache patients that
were reimbursed by the NHI increased from about 8000 scans
to 80 000 scans [5]. Concerns have been raised over excessive
MRI utilization by patients with uncomplicated headache and
the increased financial burden on the NHI. Although the an-
nual fiscal expenditure of policy implementation was initially
expected to total 164 billion Korean won (KRW), the actual ex-
penditure turned out to be 285 billion KRW [6]. The Korean
government responded to this issue by raising the threshold
for brain MRI coverage in 2020. With the expansion of cover-
age for spine MRI set for 2022, concerns linger over the issue
of MRI overuse due to OOP payment reduction. However, little
is known about the effects of OOP payment reduction on low-
value care utilization across income groups in Korea.

Low-value care refers to health care services for which evi-
dence supporting their effectiveness is insufficient or the cost
of the service substantially outweighs its benefits [7]. In-
creased low-value care utilization could lead to incidental
findings that result in little additional health benefits, higher
health care spending, and an increased risk of complications
following additional treatment [8,9]. Although there is a large
body of literature examining the effect of cost-sharing on
health care utilization, there is little evidence regarding the
role of OOP payment reductions on low-value MRI utilization
across income groups [10,11]. Several studies provide empiri-
cal evidence supporting the claim that increased OOP pay-
ment reduces low-value care utilization [12-14]. However, the
results seem to depend on specific types of care and the spe-
cific clinical context. For example, a previous study found cost-
sharing to have no discernable effect on low-value MRI utiliza-
tion related to headaches and low back pain during emergen-
cy room visits in the United States [14]. In addition, these
studies did not reveal whether the effect of reduced OOP pay-
ment varied according to income. Moreover, this effect could
depend on the specific cultural context. While previous studies
have provided ample evidence on the effect of OOP payment
reductions on increased equity related to health care utiliza-
tion in Korea, there is little empirical evidence supporting the
effect of OOP payment reduction on low-value MRI utilization
across income groups [15-19].
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To investigate the effect of OOP payment reduction on low-
value MRI utilization across income groups in Korea, research-
ers could measure the actual rates of low-value care utilization
before and after the benefit expansion policy based on health
insurance claims data. However, this approach raises method-
ological issues of causal inference, operationalization, and data
availability. Differences in MRI utilization rates among the Ko-
rean population before and after policy implementation based
on observational data could be confounded by external factors
coinciding with the policy implementation. Direct measure-
ments also rely heavily on operational definitions of low-value
care, and low-value care that is inconvenient to operationalize
is typically excluded from these measurements [20,21]. Lastly,
claims data provided by the NHI do not include information
on previously non-covered services. Although such informa-
tion may be available in the databases of individual hospitals,
results based on these data would not be generalizable.

Our study attempted to overcome these challenges by con-
ducting an experimental vignette survey of a representative
sample of the Korean population. This method allowed us to
define a hypothetical situation in which low-value MRI was
undertaken, such as an MRI scan for uncomplicated headache
or non-specific low back pain, with fewer restrictions on data
availability. Vignettes also allowed us to simulate clinical en-
counters featuring physician inducement of low-value MRI.
Considering the role of physician inducement in the increase
in low-value MRI utilization is especially relevant in Korea since
the fee-for-service system incentivizes physicians to recom-
mend high-margin services like MRI to patients [22]. Using this
methodology, this study aimed to examine the effect of OOP
payment reduction on potential low-value MRI utilization across
income groups in Korea.

METHODS

Participant Characteristics

An online survey was completed by individuals in Korea from
December 24, 2020, to January 5, 2021. The survey used pro-
portional quota sampling to ensure the representativeness of
our sample with respect to the population of Korea [23]. We
set quotas based on gender, age group (19-29, 30-39, 40-49,
50-59, 60-69 years), and area of residence (17 provinces), based
on the resident registration population standards announced
by the Ministry of Public Administration and Security in No-
vember 2020 (Table S1 in Supplemental Material 1). The age
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limit of participants was set at 69 years since we assumed that
older individuals may lack access to the internet and experi-
ence difficulties understanding the survey questions.

The study team designed the survey and commissioned a
public opinion survey company, Gallup Korea, to conduct the
survey. An online survey link was sent to 6122 individuals, and
2275 individuals started the survey, with a net response rate
of 37.2%. After excluding participants based on our quota,
1304 total individuals participated in the survey, and the sur-
vey was closed after the target number of 1200 participants
was reached. A total of 1241 individuals completed the survey,
resulting in a net completion rate of 95.2%. Twelve partici-
pants who did not provide income information were excluded
from the analysis, and data from 1229 participants were used
in this study.

Participant characteristics that could be related to low-value
care utilization were self-reported through the survey, includ-
ing income, gender, age, marital status, education, self-rated
health status, and comorbidity status (Table 1). Individuals’in-
come quintiles were calculated based on equivalized income
to account for differences in household size. The equivalized
monthly income was calculated by dividing the monthly
household income by the square root of the number of house-
hold members [24].

Experimental Vignette Design

We used an experimental vignette design that presented
multiple vignettes (within-person design) to two different
groups of participants (between-person design) (Supplemen-
tal Material 2). This design allowed the researchers to test caus-
al hypotheses regarding the effect of reducing OOP payment
on potential low-value care utilization by including factors
that are relevant to low-value care, OOP payment reduction,
and physician inducement while excluding external factors
that might confound the results [25]. The participants were
presented with hypothetical scenarios in which they had non-
specific low back pain or uncomplicated headache. In the sce-
nario, a physician provided information on the assumed diag-
nosis, clinical prognosis, further plans, and the OOP payment
required to use MRI (spine or brain). The participants were
then asked whether they would be willing to use MRI. This vi-
gnette was referred to as “before OOP payment reduction.”
Those who were unwilling to use MRI were asked if they would
use MRI if their OOP payment was reduced. This vignette was
referred to as “after OOP payment reduction.” The price of MRI

OOP Payment and Low-value Care

Without With
Characteristics inducement  inducement
(n=615) (n=614)

Equivalized monthly income quintile (1000 Korean won)

Q1(0-175) 128(20.8) 135(22.0)

Q2 (176-250) 152 (24.7) 111(18.1)

03 (251-325) 122 (19.8) 99(16.1)

Q4 (326-475) 104 (16.9) 134(21.8)

05 (=476) 109(17.7) 135(22.0)
Gender

Men 316 (51.4) 306 (49.8)

\Women 299 (48.6) 308 (50.2)
Age (y)

19-29 105(17.1) 112(18.2)

30-39 127 (20.6) 104 (16.9)

40-49 145 (23.6) 131(21.3)

50-59 144 (23.4) 138(22.5)

60-69 94(15.3) 129(21.0)
Marital status

Not married 222 (35.8) 208 (33.9)

Married or cohabitating 368 (59.8) 379 (61.7)

Separated, divorced, or widowed 27 (4.4) 27 (4.4)
Education level

High school 104 (16.9) 145 (23.6)

Junior college 57(9.3) 57(9.3)

College or above 454 (73.8) 412 (67.1)
Self-rated health status

Unhealthy 67 (10.9) 66 (10.7)

Fair 337 (54.8) 336 (54.7)

Healthy 211(34.3) 212 (34.5)
Comorbidity status

Without chronic disease 420 (68.3) 402 (65.5)

With chronic disease 195(31.7) 212 (34.5)

Values are presented as number (%).

was reduced from 400 000 KRW to 0 KRW through private in-
surance for low back pain and 600 000 KRW to 100 000 KRW
through public insurance for headache. We simulated the re-
duced price of MRI through private insurance for low back
pain to enhance the reality of the situation since the benefit
expansion policy had not yet been implemented for spine MRI
in 2020 or 2021.

All scenarios reflected clinical situations in which MRI utiliza-
tion was considered to be low-value. We referenced Choosing
Wisely’s Institute for Clinical and Economic Review Baseline
Reports to construct these scenarios [26,27]. To simulate situa-
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tions in which low-value spine MRI occurs, the vignettes de- described cases of uncomplicated headache, including, for ex-
scribed cases of non-specific low back pain that included, for ample, clinical examinations indicating uncomplicated head-
example, clinical examinations that indicated lumbar sprain or ache, improved symptoms through pain medication, persis-
disc herniation, a lack of any progressive neurologic deficit, tent headache without sudden onset, headache with moder-
and treatment plans that included physical therapy and fol- ate severity, and a lack of neurological symptoms indicating a
low-up consultations. For low-value brain MRI, the vignettes secondary cause.
MRI for low back pain, without physician inducement MRI for low back pain, with physician inducement
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Figure 1. Proportion of individuals willing to use low-value magnetic resonance imaging (MRI) across income quintiles. (A) MRI
for low back pain, without physician inducement. (B) MRI for low back pain, with physician inducement. (C) MRI for headache,
without physician inducement. (D) MRI for headache, with physician inducement.
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To assess the influence of physician inducement on the ef-
fect of OOP payment reduction, half of the participants were
assigned vignettes in which the physician did not necessarily
recommend an MRI scan (n=615). The other half were assigned
vignettes in which the physician recommended an MRI scan
for further evaluation (n=614). Vignettes in which the physi-
cian did not recommend MRI were referred to as “without phy-
sician inducement,” and vignettes in which the physician did
recommend MRI were referred to as “with physician induce-
ment.’

Statistical Analysis

For each vignette, we calculated the proportion of individu-
als willing to use low-value MRI across income quintiles. Due
to the existence of categorical confounders, we used logistic
regression and marginal standardization to predict the proba-
bilities of potential low-value MRI utilization for each income
quintile [28]. Adjustments were made for gender, age group,
marital status, education, self-rated health status, and comor-
bidity status. Finally, we calculated the slope index of inequality
(Sll) and relative index of inequality (RIl) to assess the income
differential related to potential low-value MRI utilization. The
adjusted risk difference and adjusted risk ratio between the
lowest income quintile and the highest income quintile were
estimated using logistic regression, each corresponding to SlI
and RII, respectively [29,30]. When the log-binomial method
fails to converge, logistic regression is a robust method for es-
timating relative risks and their confidence intervals [31]. Con-
fidence intervals were estimated using the delta method. All
statistical analysis was conducted using Stata version 17.0
(StataCorp., College Station, TX, USA).

Ethics Statement

This study was approved by the Institutional Review Board
of Seoul National University Hospital (IRB No. C-2011-190-
1178).

RESULTS

Before OOP payment reduction, the lowest income quintile
had the lowest proportion of individuals willing to use low-
value MRI (Figure 1). Without physician inducement, only 36.7%
(for low back pain) and 30.5% (for headache) of the lowest in-
come quintile preferred to use low-value MRI, compared to
48.6% (for low back pain) and 43.1% (for headache) of the high-

OOP Payment and Low-value Care

est income quintile. With physician inducement, potential uti-
lization of low-value MRI became more prevalent, although
the lowest income quintile still showed the lowest proportion.
Of those in the lowest income quintile, only 49.6% (for low
back pain) and 39.3% (for headache) preferred to use low-val-
ue MRI with physician inducement, compared to 64.4% (for
low back pain) and 49.6% (for headache) of those in the high-
estincome quintile.

Whether OOP payment reductions would increase low-val-
ue MRI utilization did not depend on physician inducement.
Almost all individuals in every income quintile reported that
they would be willing to use low-value MRI after OOP pay-
ment reduction even without physician inducement, ranging
from 89.8-96.3% for low back pain and 78.1-82.7% for head-
ache. With physician inducement, OOP payment reduction in-

Income quintile

00P payment reduction (95% Cl)

Before

MRI for low back pain without physician inducement

After

o) 0.400(0.312, 0.488) 0.908(0.859, 0.958)
az 0.522 (0.443,0.600) 0.933(0.894, 0.972)
a3 0.464 (0.376, 0.552)  0.918(0.866, 0.970)
Q4 0.493(0.397,0.588) 0.884 (0.820, 0.949)
as 0.481(0.389, 0.574) 0.962 (0.925, 0.999)

MRI for low back pain with physician inducement

Q1 0.502 (0.415, 0.589) 0.877(0.818, 0.935)
Q2 0.563 (0.471, 0.655) 0.936 (0.890, 0.982)
a3 0.679(0.586, 0.772) 0.978(0.948, 1.008)
Q4 0.691(0.612,0.770) 0.956 (0.922, 0.991)
Q5 0.646 (0.565, 0.726)  0.971(0.943, 0.999)

MRI for headache without physician inducement

Q1 0.351(0.265, 0.438)  0.800 (0.730, 0.870)
Q2 0.377(0.301, 0.453) 0.825(0.767, 0.884)
Q3 0.313(0.234,0.393) 0.806 (0.735, 0.877)
Q4 0.409(0.317,0.500) 0.813(0.738, 0.889)
as 0.421(0.331,0.511) 0.808(0.734, 0.883)

MRI for headache with physician inducement

Q1 0.388(0.303, 0.472) 0.826 (0.758, 0.894)
Q2 0.463 (0.370, 0.556) 0.798(0.723, 0.873)
03 0.559 (0.460, 0.657) 0.867 (0.802, 0.932)
Q4 0.614(0.531,0.697) 0.906 (0.857, 0.955)
Q5 0.493 (0.409, 0.578) 0.838(0.776, 0.900)

MRI, magnetic resonance imaging; OOP. out-of-pocket; Cl, confidence interval.
'Predicted probabilities using marginal standardization are shown with 95%
Cl in parentheses.
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Vignette

MRI for low back pain without physician inducement
MRI for low back pain with physician inducement
MRI for headache without physician inducement
MRI for headache with physician inducement

S11(95% Cl), %

8.15 (-4.56, 20.85)
14.40 (2.47, 26.34)

6.99 (-5.44, 19.43)
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00P payment reduction
Before After
RII (95% CI) SlI (95% Cl), % RIl (95% CI)
1.20(0.90, 1.61) 5.37(-0.82, 11.57) 1.06(0.99, 1.13)
1.29(1.04, 1.60) 9.42 (2.89, 15.95) 1.11(1.03, 1.19)
1.20(0.87, 1.66) 0.83(-9.39, 11.05) 1.01(0.89, 1.15)
1.27 (0.96, 1.68) 1.22(-8.04, 10.48) 1.01(0.91, 1.13)

10.59 (-1.41, 22.58)

S, slope index of inequality; RIl, relative index of inequality; MRI, magnetic resonance imaging; OOP, out-of-pocket; Cl, confidence interval.
'Results were adjusted for gender, age group, marital status, education, self-rated health status, and comorbidity status.

creased potential low-value MRI utilization for all income
groups, ranging from 87.4-98.0% for low back pain and 80.2-
90.3% for headache.

The pattern of predicted probabilities based on logistic re-
gression was consistent with the pattern of unadjusted pro-
portions of potential low-value MRI utilization (Table 2). Those
in the lowest income quintile were generally least likely to use
low-value MRI before OOP payment reduction, although 95%
confidence intervals partially overlapped with those of other
income quintiles. With physician inducement, potential low-
value MRI utilization was lower for Q1 than Q4 (0.502 vs. 0.646
for low back pain, p<0.05; 0.388 vs. 0.614 for headache, p<0.05).
After OOP payment reduction, the difference in potential low-
value MRI utilization between Q1 and Q4 was no longer statis-
tically significant even with physician inducement (0.877 vs.
0.971 for low back pain; 0.826 vs. 0.906 for headache).

Absolute and relative inequalities of potential low-value MRI
utilization decreased in magnitude after OOP payment reduc-
tion, with or without physician inducement (Table 3). The de-
gree of inequality was greater when there was physician induce-
ment. Without physician inducement, the SII decreased from
8.15% to 5.37% for low back pain and 6.99% to 0.83% for head-
ache, while the Rl decreased from 1.20 to 1.06 for low back pain
and 1.20 to 1.01 for headache. With physician inducement, the
degree to which inequality decreased was larger, with the SlI
decreasing from 14.40% to 9.42% for low back pain and 10.59%
to 1.22% for headache, and the Rl decreasing from 1.29 to 1.11
for low back pain and 1.27 to 1.01 for headache.

DISCUSSION

Through an experimental vignette survey, this study provid-
ed empirical evidence that OOP payment reduction has the
potential to increase low-value MRI utilization across all income

groups in Korea. While the proportion of potential low-value
MRI utilization was lower than 50% in most income groups
before OOP payment reduction, a majority of individuals (78.1-
98.0%) were willing to use low-value MRI after the price barrier
was alleviated. The effect of OOP payment reduction on the
change in potential low-value MRI utilization was more promi-
nent among those in low-income groups due to their lower
baseline utilization before OOP payment reduction. This re-
sulted in a decrease in both absolute and relative inequality
related to potential low-value MRI utilization.

These findings suggest that low-value MRI utilization after
the implementation of the benefit expansion policy poses a
real challenge. In response to criticisms over the potential over-
use of low-value brain MRI after the implementation of the
benefit expansion policy, Korea’s Ministry of Health explained
that the 10-fold increase in brain MRI utilization among head-
ache patients was due to the increase in beneficiaries with symp-
toms that indicate structural brain disease [5]. Our results should
in no way be construed to provide an evaluation of the benefit
expansion policy in its entirety since we did not measure the
change in high-value MRI utilization nor all of the policy’s con-
sequences comprehensively. The benefit expansion policy could
be a necessary step toward universal health coverage as it pro-
vides more patients with secondary headache access to high-
value MRI regardless of their ability to pay. However, our re-
sults do suggest that the benefit expansion policy should be
coupled with additional policy measures to reduce low-value
care across all income groups. Low-value MRI utilization indi-
cates wasteful spending since these diagnostic procedures are
unlikely to change the patients’ treatment management or
improve their health outcomes [26,27]. Among those covered
by Medicare in the United States, neuroimaging for uncompli-
cated headache was estimated to cost 146 million US dollar
(USD) to 211 million USD, while back imaging for patients with
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non-specific low back pain was estimated to cost 82 million
USD to 226 million USD [20]. Although the financial burden
posed by low-value care utilization has not been measured in
Korea, the near-ceiling effect of OOP payment reduction on
potential low-value MRI utilization revealed by our study indi-
cates that the magnitude of wasteful spending could be sub-
stantial. Further studies are required to identify the actual cost
of low-value MRl in Korea.

It can be argued that low-value MRI is not reimbursed by
the NHI in principle and that the actual increase in low-value
care utilization is therefore unlikely to have occurred after the
implementation of the benefit expansion policy. Explicit ra-
tioning criteria in Korea state that only patients with second-
ary headache are eligible for reimbursement. Nevertheless,
actual application of the rationing criteria depends on each
clinical encounter and thus provides room for discretion. Phy-
sicians can exercise autonomy due to the subjective nature of
the evaluation criteria, such as the duration and character of
the patient’s headache and neurological signs observed through
examination. Various factors can influence the results of evalu-
ations carried out by physicians. Physicians could be incentiv-
ized to expand the margin of eligibility, whether based on fi-
nancial motives or uncertainty concerning a patient’s condi-
tion [32]. Even if physicians initially conclude that MRI is un-
necessary, they could be pressured into offering MRI due to
patient demand [33,34]. Thus, the existence of explicit ration-
ing criteria is unlikely to be a major source of discrepancy be-
tween our results and reality.

The greater difficulty of reducing low-value MRI utilization
through cost-sharing among high-income groups than among
low-income groups indicated by our results is also notable. The
government announced measures to prevent overuse by in-
troducing a “selective reimbursement” criterion for brain MRI
in 2020. Individuals who are suspected of brain disease but do
not satisfy base criteria are eligible for reimbursement with a
cost-sharing of 80%. According to our study, the effect of cost-
sharing is likely to reduce low-value MRI utilization differently
across income groups. Although all income groups were less
willing to use low-value MRI with higher prices, we observed a
pro-rich income gradient of potential low-value MRI utilization
before OOP payment reduction, especially with physician in-
ducement. This suggests that individuals with higher incomes
are less sensitive to financial constraints imposed by a selec-
tive reimbursement policy.

Our analysis has some limitations. First, respondents’ self-re-
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ported willingness to use low-value MRI in our study may dif-
fer from their actual willingness and consequent utilization in
the clinical environment. Experimental vignette methods are
often criticized for showing possible outcomes without neces-
sarily validating the outcomes outside of the experimental en-
vironment [25]. Second, measurement errors concerning in-
come data obtained through a survey could further compro-
mise the validity of our results concerning income differences
due to cognitive difficulties related to income reporting, the
biases of individuals, and random error [35]. Third, the propor-
tional quota sampling used in our study may have not been
sufficient to ensure the representativeness of our data since
only individuals from panels registered by the survey compa-
ny were given access to the survey. Further research based on
claims data that measures actual income and low-value care
utilization rates across the entire population could strengthen
the conclusions of this study. Although identifying low-value
care utilization based on the current administrative database
of the National Health Insurance Service is challenging due to
the limited scope of the data, future access to electronic medi-
cal records of individual hospitals could enable a more exten-
sive assessment of the value of care being provided.

Despite these limitations, this is the first study to investigate
the relationship between OOP payment reduction and poten-
tial low-value MRI utilization across income groups in plausible
clinical settings in Korea. Additional policy measures should
be undertaken to achieve the dual goal of ensuring financial
access to health care services for the poor and reducing waste-
ful health care utilization and expenditures.
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