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BACKGROUND: TheOveruse Index (OI), previously called
the Johns Hopkins Overuse Index, is developed and vali-
dated as a compositemeasure of systematic overuse/low-
value care using United States claims data. However, no
information is available concerning whether the external
validation of the OI is sustained, especially for interna-
tional application. Moreover, little is known about which
supply and demand factors are associated with the OI.
OBJECTIVE:We used nationwide population-based data
from Taiwan to externally validate the OI and to examine
the association of regional healthcare resources and so-
cioeconomic factors with the OI.
DESIGN AND PARTICIPANTS: We analyzed 1,994,636
beneficiaries randomly selected from all people enrolled
in the Taiwan National Health Insurance in 2013.
MAIN MEASURES: The OI was calculated for 2013 to
2015 for each of 50 medical regions. Spearman correla-
tion analysiswas applied to examine the association of the
OI with total medical costs per capita and mortality rate.
Generalized estimating equation linear regression analy-
sis was conducted to examine the association of regional
healthcare resources (number of hospital beds per 1000
population, number of physicians per 1000 population,
and proportion of primary care physicians [PCPs]) and
socioeconomic factors (proportion of low-income people
and proportion of population aged 20 and older without
a high school diploma) with the OI.
RESULTS: Higher scores of the OI were associated with
higher total medical costs per capita (ρ = 0.48, P < 0.001)
and not associated with total mortality (ρ = − 0.01, P =
0.882). Higher proportions of PCPs and higher propor-
tions of low-income people were associated with lower
scores of the OI (β = − 0.022, P = 0.016 and β = − 0.224, P
< 0.001, respectively).
CONCLUSIONS: Our study supported the external vali-
dation of the OI by demonstrating a similar association
within a universal healthcare system, and it showed the

association of a higher proportion of PCPs and a higher
proportion of low-income people with less overuse/low-
value care.
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T o counter the rapidly increasing healthcare spending
around the world,1 there is global interest in optimizing

the delivery of health services, exemplified by increased use of
high-value care or services and reduced use of low-value care
or services.2, 3 Overuse/low-value care is defined as the pro-
vision of procedures and treatments that provide little or no
benefit to beneficiaries while increasing the costs of
healthcare.2, 4–9 In the United States (US), estimates of spend-
ing on overuse vary widely.7 Conservative estimates accord-
ing to direct measurement of individual services range from 6
to 8% of total healthcare spending.10 Studies of geographic
variation (an indirect measure) put the proportion of Medicare
spending on overuse closer to 29%.11 Recent studies estimate
that 14 to 25% of Medicare beneficiaries, 8% of privately
insured adults, and 7% of adult military beneficiaries experi-
ence at least one overuse event per year.6, 8, 9, 12

Overuse occurs regardless of whether healthcare providers
are paid by fee-for-service or salary in market-driven and
highly regulated systems,1, 13 or in universal healthcare sys-
tems (e.g., United Kingdom (UK), Canada, and Taiwan).7, 14,
15 However, it is difficult to use measures of individual low-
value services to compare the overall overuse status across
countries and regions. Thus, Segal et al. used claims data to
develop the Overuse Index (OI), previously called the Johns
Hopkins Overuse Index (JHOI),6 which is the only composite
index constructed and validated to measure regional variation
in overall overuse.6, 8 The OI is a normalized measure, not an
absolute measure. The OI was originally validated in the US
Medicare population by demonstrating the relation of the OI
with medical costs and no relation with total mortality,6, 16, 17

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s11606-020-06293-0) contains supplementary
material, which is available to authorized users.

Prior Presentations None.

Received January 21, 2020
Accepted October 5, 2020

438

Published online October 15, 2020

36(2):438–46

http://dx.doi.org/10.1007/s11606-020-06293-0
http://crossmark.crossref.org/dialog/?doi=10.1007/s11606-020-06293-0&domain=pdf


and then externally validated in a commercially insured US
adult population.8, 16, 17 Nevertheless, up to now, the OI has
not been externally validated in a nationwide population,
especially for other countries, regardless of differences in the
healthcare systems or population characteristics. Such external
validation will provide an empirically robust ground for
healthcare policymakers to initiate polices to reduce system-
atic overuse, as measured by the OI, which might then be used
as a tool to evaluate the impact of national or local policies.
Given that we may identify the existence of systematic

overuse through the OI, the next important step is to under-
stand the regional supply and demand factors (regarding so-
cioeconomic factors) of overuse so that policy interventions
may be delivered. To the best of our knowledge, only two
prior studies have shown the regional-level association of
higher ratio of specialists to primary care physicians (PCPs)
and lower proportion of low-income people with higher com-
posite overuse scores.18, 19 Nevertheless, the composite over-
use scores have not been validated. Regarding the OI, two
studies have found that the supply of regional healthcare
resources was associated with the OI, including the number
of hospital beds,20 and the number of PCPs.20, 21 However, so
far, there has been no study using nationwide population-
based data to examine the association of regional supply and
demand factors with the OI.
This study, using nationwide population-based claims data

from Taiwan with an universal-access, free at the point of
service, healthcare system (Online Appendix 1), calculated
the OI, explored the external validation of the OI by confirming
its association with medical costs and no association with total
mortality, and examined the association of regional healthcare
resources and socioeconomic factors with the OI.

METHODS

Data Source

This study used Taiwan’s national research database provided
by the Health and Welfare Data Science Center, Ministry of
Health and Welfare (MOHW). The database is a de-identified
national database that includes the National Health Insurance
Research Database (e.g., inpatient, outpatient, and prescription
drug claims, and beneficiaries) and other health-related files
(e.g., cause of death, and medical facilities).22 Regional-level
socioeconomic characteristics’ data were taken from the De-
mographic Statistics from the Ministry of the Interior. Our
conceptual framework is shown in Figure 1 based on literature
review and data availability.6, 8, 18, 19, 23–30 This study was
approved by the Institutional Review Board of the National
Taiwan University Hospital.

Study Population

The study population included all NHI beneficiaries 18 years of
age or older in 2013. We simply randomly selected 2 million

adult beneficiaries from the study population of about 19 million.
Comparison of sample characteristics (sex, age, and insured
amount) with the study population characteristics showed no
significant difference (Online Appendix 2). The sample was
representative of the adult beneficiary population. Beneficiaries
were assigned to a sub-medical region (N = 50) as defined by the
MOHW31 based on the geographic location of the beneficiary’s
residence.32–34 We excluded 5181 beneficiaries not residing in
the 50 sub-medical regions,6, 21 and 183 beneficiaries with
symptomatic carotid artery stenosis (CAS) based on the eligibility
criteria of theOI regardingCAS screening.6 The final sample size
came down to 1,994,636 beneficiaries. Because the population
structure is stable over time, the sample was used to calculate the
OI for each year from 2013 to 2015. The sample sizes in 2014
and 2015 were 1,978,267 and 1,961,564 beneficiaries, respec-
tively (Online Appendix 3).

Variables
Calculation of the OI. The OI consists of 20 clinically diverse
claims-based measures of overuse that are aggregated into an
index.6 The OI measures came from the Choosing Wisely
Campaign, Institute of Medicine, UK’s National Health Ser-
vice, and other reputable professional organizations (Online
Appendix 4).20, 35 However, we excluded two measures from
the composition of the OI: serological tests for Helicobacter
pylori and stress echocardiography for acute chest pain. Sero-
logical tests for Helicobacter pylori are not reimbursed in
Taiwan. The rate of use of stress echocardiography for acute
chest pain is too rare (< 0.5‰). In addition, for uncomplicated
acute rhinosinusitis, both sinus computed tomography (CT)
and antibiotics were included according to the Choosing
Wisely campaign.36

Based on the calculation of the OI,6, 8, 20, 21 the patient-
specific factors in the model of the OI included sex, age, and
comorbid conditions. The Charlson-Deyo Comorbidity Index
(CCI) was used to quantify the comorbidities of the beneficia-
ries.23 This index is the sum of weighted scores based on the
presence or absence of 17 different medical conditions.

Validation of the OI. Costs per capita were calculated as
annual total regional medical costs divided by the total
number of beneficiaries in a region. Total regional medical
costs included all NHI inpatient, outpatient, and prescription
drug costs in a region. Clinical benefit was measured as the
total mortality rate.6, 8 The regional mortality rate was risk
adjusted for patient sex, age, and CCI, and it was calculated as
the observed mortality divided by the expected mortality in a
region and then multiplied by the total mortality rate.6

Identification of Regional Factors Associated with the OI.
The supply of regional health resources was measured as the
number of hospital beds per 1000 residents, the number of
physicians per 1000 residents, and the proportion of PCPs.24–
26 The number of hospital beds per 1000 residents provides a
measurement of the resources available for delivering services
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to inpatients in hospitals.24 The proportion of PCPs was
calculated by dividing the number of PCPs by the total
number of physicians.25, 26 The regional socioeconomic
characteristics were measured as the proportion of low-
income population18, 19 and the proportion of the population
aged 20 and older without a high school diploma.27–30

Statistical Analysis
Calculation of the OI. The OI was calculated using
multilevel regression to model whether an eligible
beneficiary received an overuse measure as a function of
beneficiary sex, age, and comorbid conditions, a fixed
effect for each of the 18 overuse measures, and a fixed
effect for each of the 50 medical regions. The latter
coefficient captured the latent tendency of a medical
region to overuse diverse healthcare resources. This

estimate was then standardized to create the OI as a Z-
score (Online Appendix 5).6, 8 We prepared a map show-
ing the normalized OI for each medical region using
ArcGIS (Esri, Redland, CA).

Validation of the OI.Regarding testing the external validation
of the OI, we used Spearman’s correlation coefficients to
examine the association of the OI with total medical costs
per capita and mortality rate.6

Identification of Regional Factors Associated with the OI.
For identifying regional factors associated with the OI, we
adopted multivariable linear regression analysis with the
generalized estimating equation (GEE) technique to ex-
amine the relative association of regional healthcare
resources and socioeconomic factors with the OI. The

Figure 1 Conceptual framework: Calculation of, validation of, and factors associated with the Overuse Index (OI). Solid lines indicate that an
association was hypothesized, and dash lines indicate that no association was hypothesized.

Tung et al.: Validation of and Factors Associated with the OI JGIM440



GEE with the independent correlation structure was used
to account for repeated measurements (3 years) per
medical region because the correlation model had the
smallest quasi-likelihood information criterion value.37

The SAS statistical software (version 9.4) was used for
analysis. A two-sided P < 0.05 was considered statisti-
cally significant.

RESULTS

Among 1,994,636 eligible beneficiaries, 48.7% were men, the
mean age was 45.7 years, 13.8% were 65 years old and above,
the mean CCIwas 0.6, and 27.8% had at least one comorbidity
of the CCI (CCI score of 1 or greater).
Table 1 presents the descriptive statistics of individual

indicators of the OI for 2013 to 2015. Among these beneficia-
ries, about 13% experienced at least one overuse event, and
most of the statistics of the indicators were stable during 2013
to 2015. For individual indicators, the highest use rate was for
abdomen CT with and without contrast. From the regional-
level analyses, the OI indicators had rates of use that varied
across medical regions. Figure 2 shows the geographic distri-
bution of the OI by medical regions in 2013. The OI showed
variation across medical regions. Systematic overuse was
more prevalent in a number of coastal regions (especially in
metropolitan regions), but the southeastern regions (classified
as rural areas) had less systematic overuse.
Table 2 presents the characteristics of the medical regions

including population demographics, healthcare supply, socio-
economic factors, OI, medical costs, and mortality. On aver-
age in 2013, each medical region had 6.0 hospital beds per
1000 population, 1.5 physicians per 1000 population, 45.3%
PCPs, 2.2% low-income people, 39.5% population aged 20
and older without a high school diploma, NT$23,640 medical
costs per capita, and 0.8% total mortality. The OI had a
minimum of − 3.5 and maximum of 1.9 between 2013 and
2015 (Online Appendix 6).
Figure 3 shows the correlations between the OI and total

costs per capita and mortality rate, respectively. The index was
positively correlated with total costs per capita (ρ = 0.48, P <
0.001) and was not correlated with total mortality rate (ρ = −
0.01, P = 0.882).
Table 3 demonstrates the results of the GEE linear regres-

sion analysis of the OI. Regional PCP supply and income
status were associated with systematic overuse. For every
1% increase in the proportion of PCPs, there was a 0.022-
point decrease in the OI (P = 0.016). For every 1% increase in
the proportion of low-income people, there was a 0.224-point
decrease in the OI (P < 0.001).

DISCUSSION

This study was the first research to apply the OI internation-
ally, and to examine the association of regional healthcare

resources and socioeconomic factors with systematic
overuse/low-value care using a nationwide sample from Tai-
wan. We found that higher scores of the OI were associated
with higher total medical costs per capita, and not associated
with total mortality rate. We also found that a higher propor-
tion of PCPs and a higher proportion of low-income people
were associated with less systematic overuse.
The findings of the positive association between OI scores

and total medical costs per capita and no association between
OI scores and total mortality rate are similar to those findings
in Medicare fee-for-service beneficiaries aged 65 years or
older,6 and US private health insurance beneficiaries aged 18
to 64 years.8 Our analyses using a nationwide sample from
Taiwan may support the external validation of the OI. The OI
varies directly with healthcare costs and it does not vary
directly with measures of clinical benefit.6 The OI could be
applied in other populations or countries, regardless of differ-
ences in the healthcare systems or population characteristics.
The rate of people who had one of these overuse indicators

(including antibiotics) of the Taiwan’s healthcare system was
13% during 2013 to 2015, similar to that (excluding antibi-
otics) of the Medicare system in 2008 (14%).6, 35 However,
the rate (excluding antibiotics) of the Taiwan’s healthcare
system was 8%, similar to that of certain US private health
insurance systems from January 2011 to June 2015 (8%),8 and
higher than that of the US Military Health System in 2014
(7%). In Canada’s universal healthcare system, prior research
found that 4% of Alberta adults had one of the 10 low-value
tests between 2012 and 2015.15 Overuse occurs in fragmented
healthcare systems that lack continuity, coordination, and
integration of care, including US’s, Canada’s, and Taiwan’s,
regardless of universal healthcare systems that have universal
access to healthcare.26 The “right” rate for these overuse
measures is not expected to be zero, but the differences across
regions, systems, or countries suggest what is achievable.
The finding of the regional-level association between a

higher proportion of PCPs and lower OI scores is consistent
with studies by Zhou et al. (using the number of PCPs per
1000 residents and the OI)20 and Colla et al. (using specialist
to primary care ratio and composite overuse scores, calculated
based on 11 or 7 Choosing Wisely-identified low-value ser-
vices).18, 19 One Canadian study found that patients living in
regions with a higher ratio of specialists to PCPs had more
utilization of 10 low-value tests in Alberta.15 Prior regional-
level US research found that higher proportions of PCPs were
associated with decreased utilization, including inpatient ad-
missions, emergency department visits, and surgeries.25 Pri-
mary care physicians serve as the point of first contact and
decrease healthcare utilization through enhanced coordination
of care and a preventive care focus.25, 38

The finding of the regional-level association between a
higher proportion of low-income people and lower OI scores
is consistent with Colla et al.18, 19 One Canadian study found
that patients living in areas with high neighborhood income
had more utilization of 10 low-value tests.15 Previous US
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studies found that Medicare patients living in higher income census tracts had more overuse of imaging for prostate can-
cer,29, 30 and Medicare beneficiaries with higher income were
more likely to use low-value cancer screenings and, in turn,
received larger net subsidies from Medicare.39 Beneficiaries
living in areas of higher income were more likely to receive
low-value imaging.40 This may be a result of increased bene-
ficiaries’ demand and better access to low-value care.40 Ben-
eficiaries living in areas of higher income may be more likely
to expect to receive low-value care,41 may possess generous
supplemental insurance, and may be more likely to afford cost
sharing and, therefore, more likely to access low-value care.40

Previous literature underscored socioeconomic disparities in
underuse of guideline-recommended healthcare services,
reflecting a maldistribution of resources driven by socioeco-
nomic disparities.1, 42, 43 Until now, for diminishing waste in
the healthcare system and advocating for value-based
healthcare, the socioeconomic disparities in discretionary ser-
vice use have recently been emphasized.1, 39 Therefore, to
reduce waste in the healthcare system and improve resource
allocation toward value-based healthcare, income disparities
in the use of low-value care services need to be addressed.
There are two limitations of our study that deserve com-

ment. First, a common challenge faced by researchers comes
from using the claims data to definitively identify overuse.5, 6,
8, 9, 15, 18–21, 35, 39 Claims may not provide enough details of
important disease (e.g., cancer) history or symptoms that
clinically justified the screening, which would appear as low
value in claims data.39 Although claims datamight not be ideal
for measurement of patient risk or symptoms, we validated
that the OI was associated with total costs, and not associated
with total mortality, which is consistent with previous stud-
ies.6, 8 We are not saying that the rate of overuse should be
zero—just that there probably should not be as much variation
between regions as you see here. Second, this result was from

Figure 2 Variation in the Overuse Index calculated for each of 50 medical regions in 2013.

Table 2 Regional Characteristics (N = 50)

2013 2104 2015

Mean SD Mean SD Mean SD

Male, % 49.9 2.1 50.0 2.2 49.8 2.1
Mean age,
years

47.6 3.0 48.4 3.0 49.2 3.0

Mean CCI 0.7 0.2 0.7 0.2 0.7 0.2
Number of
hospital
beds per
1000
population

6.0 4.2 5.9 4.3 5.9 4.2

Number of
physicians
per 1000
population

1.5 0.7 1.5 0.7 1.6 0.7

Proportion
of primary
care
physicians,
%

45.3 16.9 45.1 16.4 45.2 17.1

Proportion
of low-
income peo-
ple, %

2.2 1.7 2.1 1.7 2.0 1.5

Proportion
of
population
aged 20 and
older
without a
high school
diploma, %

39.5 10.5 38.5 10.3 43.3 14.6

Overuse
Index

0.0 1.0 0.0 1.0 0.0 1.0

Total costs
per capita,
NT$

23,640 9111 24,757 9491 25,723 10,003

Total
mortality
rate, %

0.8 0.1 0.9 0.1 0.9 0.1

NT$30 equaled $1. CCI, Charlson-Deyo Comorbidity Index; NT$, new
Taiwan dollars

Tung et al.: Validation of and Factors Associated with the OIJGIM 443



Taiwan and there may be particular aspects of the Taiwan’s
healthcare system that could not be applied and generalized to
other countries.

Our national population-based study supported the external
validation of the OI by demonstrating a similar association
within a universal healthcare system, and it showed the asso-
ciation of the proportion of PCPs and the proportion of low-
income people with the OI. The OI appears to yield similar
findings between the OI with total medical costs and mortality
in different countries. The OI could be used as the measure-
ment of systematic overuse/low-value care (i.e., using a port-
folio of potential overuse indicators as a proxy for the under-
lying phenomenon) and as a bellwether for trends in overuse
across countries or systems. This information of the OI could
encourage healthcare systems or providers to address the
structural and system-wide determinants of overuse rather than
focus on individual overuse indicators. Moreover, it could be
more difficult to manipulate the OI in comparison with an
individual overuse indicator serving as a measure. This study
also supports increased attention to primary care as a strategy
to lower systematic overuse. Increased attention to the PCP
workforce and PCPs’ distribution across regions relative to the

Figure 3 Scatter plots relating total costs per capita and mortality rates to the Overuse Index. NT$30 equaled $1. Ellipse represents the 95%
confidence interval. NT$, new Taiwan dollars.

Table 3 GEE Linear Regression of Overuse Index (N = 150)

β SE P

Male, % −
0.088

0.078 0.254

Mean age, years −
0.062

0.065 0.343

Mean CCI 1.203 0.935 0.198
Number of hospital beds per 1000
population

−
0.010

0.016 0.537

Number of physicians per 1000
population

−
0.169

0.196 0.389

Proportion of primary care physicians, % −
0.022

0.009 0.016

Proportion of low-income people, % −
0.224

0.063 <
0.001

Proportion of population aged 20 and
older without a high school diploma, %

−
0.002

0.005 0.706

CCI, Charlson-Deyo Comorbidity Index; GEE, generalized estimating
equation; SE, standard error
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number of specialists may have an important role in the effort
to reduce systematic overuse. Selectively increasing benefi-
ciary cost sharing for high-income groups and/or for low-
value care may partially counter the unfair distribution of
insurance benefits resulting from overuse. Identifying factors
affecting overuse may provide new avenues to implement
quality improvement initiatives through which overuse reduc-
tion may be best achieved.
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