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Objectives The aim of the study is to examine the relationship between electronic
health record (EHR) use/functionality and hospital operating costs (divided into ﬁve
subcategories), and to compare the results across rural and urban facilities.
Methods We match hospital-level data on EHR use/functionality with operating costs
and facility characteristics to perform linear regressions with hospital- and time-ﬁxed
effects on a panel of 1,596 U.S. hospitals observed annually from 2016 to 2019. Our
dependent variables are the logs of the various hospital operating cost categories, and
alternative metrics for EHR use/functionality serve as the primary independent
variables of interest. Data on EHR use/functionality are retrieved from the American
Hospital Association’s (AHA) Annual Survey of Hospitals Information Technology (IT)
Supplement, and hospital operating cost and characteristic data are retrieved from the
American Hospital Directory. We include only hospitals classiﬁed as “general medical
and surgical,” removing specialty hospitals.
Results Our results suggest, ﬁrst, that increasing levels of EHR functionality are
associated with hospital operating cost reductions. Second, that these signiﬁcant cost
reductions are exclusively seen in urban hospitals, with the associated coefﬁcient
suggesting cost savings of 0.14% for each additional EHR function. Third, that urban
EHR-related cost reductions are driven by general/ancillary and outpatient costs.
Finally, that a wide variety of EHR functions are associated with cost reductions for
urban facilities, while no EHR function is associated with signiﬁcant cost reductions in
rural locations.
Conclusion Increasing EHR functionality is associated with signiﬁcant hospital operating cost reductions in urban locations. These results do not hold across geographies,
and policies to promote greater EHR functionality in rural hospitals will likely not lead to
short-term cost reductions.
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Background and Signiﬁcance
The U.S. health care system is one of the most advanced in the
world, but it is also uncoordinated and fragmented, leading
to inefﬁcient resource allocation and rising costs.1,2 Since
2010, 120 rural hospitals have closed and many closed
facilities have exited with operating costs exceeding revenues.3,4 The trend in rural hospital closure is a source of
concern because the areas with the highest number of rural
hospital closures are some of the country’s most vulnerable.5,6 Considering the rising operating costs and the toll
these costs have on rural hospitals, policymakers have long
been interested in ﬁnding solutions to mitigate them. Since
the mid-2000s, analysts have argued that electronic health
records (EHRs) are one cost-reducing strategy that could
help.7–9
EHR is an expression that includes a range of information
technologies used to collect information about patients,
treatments, and outcomes.10 Proponents believe that EHRs
should increase health care quality and reduce operating
expenses. Hypothesized improvements that could be translated into cost savings for hospitals include reducing errors,
improving the ﬂow of information, and performing the same
task with fewer resources.11 From a theoretical perspective,
EHR systems could impact dominant input costs (labor and
equipment) by improving decision making and offering
decision support for treatment plans. This would raise
physician efﬁciency and lower duplicative or problematic
medication costs.12 Alternatively, EHRs can help reduce
incentives for doctors or patients who wish for more (potentially costly) care, even when the costs are signiﬁcantly
higher than the beneﬁts. They could also reduce labor costs
by removing unnecessary outsourced activities like advanced diagnostics, or by changes in workﬂow that could
remove part-time labor. Early studies estimated that EHR
adoption could reduce annual health spending by between
$78 and $81 billion.13,14 However, a more in-depth review of
the literature on the relationship between EHRs and hospital
operating costs is inconclusive. There are studies that ﬁnd
that EHR adoption increases hospital costs,15–18 studies that
ﬁnd that EHR adoption reduces own-hospital costs,12,19 and
studies that ﬁnd mixed results.20–24
The existing literature on the relationship between EHR
and hospital costs is also largely missing a comparison of
rural and urban facilities. This comparison is an important
contribution of our paper, because expectations for EHR
impacts across the rural/urban spectrum have not been
established. Several studies have explicitly noted the differences in EHR implementation and use in rural versus urban
hospitals. These studies found that smaller staff (and fewer
resources generally) in rural locations led to insufﬁcient
system/process knowledge—made more difﬁcult by tight
implementation schedules25—and that rural hospitals were
71% less likely to consider cost reductions as a potential
beneﬁt of EHRs.26 An additional study found that barriers to
integrating EHRs with decision making tools were dramatically different in rural versus urban locations.27 The existing
literature clearly notes the cost differences that exist beApplied Clinical Informatics
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tween rural and urban hospitals, with an early study ﬁnding
that case mix and wage rates are important determinants,28
while more recent work found that bed counts were predictive of costs per adjusted patient day.29 This body of evidence
clearly ﬁnds rural–urban hospital discrepancies in both EHR
implementation and cost structure generally, but no studies
we are aware of combine these two components.
We also note that a signiﬁcant amount of prior research
mostly focused on the adoption of EHRs. These adoptionfocused studies observe whether an EHR system is in place at
a particular time, with limited insight into its abilities or
usage. Such data do not provide insight into the increased
functionality of EHR over time, which could better inform the
contributions of speciﬁc EHR components on operating cost
efﬁciency. We propose that the debate about EHRs should be
reframed by focusing on the effect of EHR functionality or use
on hospital costs, as opposed to simple adoption. Several
recent studies have found that there is signiﬁcant variation in
how hospital employees use EHRs as part of their daily
workﬂow, with some noting the pervasiveness of “workarounds”30 while others found high physician satisfaction
with certain functionalities (decision support, test management) but dissatisfaction with others (referral management,
discharge forms).31 One earlier study found that the ability to
add new modules or functions was an important option to
support workﬂow needs.32 These studies help set the stage
to address the question of whether increased EHR functionality is associated with better workﬂow / lower costs—and
whether this connection holds in both rural and urban
locations.

Objectives
This study examines the relationship between EHR
use/functionality and hospital operating costs, over time,
using varying metrics for EHR use/functionality. We perform
linear regressions with hospital- and time- ﬁxed effects on a
panel of 1,596 U.S. hospitals observed annually from 2016 to
2019. Our dependent variables are the logs of hospital
operating costs (broken out into ﬁve sub-categories), and
alternative metrics for EHR use/functionality serve as the
primary independent variables of interest. Our speciﬁcation
controls for the main hospital characteristics expected to
impact costs, such as the total number of employees and
discharges, and case mix. We run separate regressions for
hospitals in rural versus urban locations to determine
whether rural status impacts the EHR / cost relationship.

Methods
We match hospital level data on EHR use from the American
Hospital Association’s (AHA) Annual Survey of Hospitals
Information Technology (IT) Supplement with cost data
from the American Hospital Directory (AHD) for the
years 2016 to 2019. The AHA IT supplement contains data
on the hospital’s EHR system along with metrics that detail
the adoption, functionality, and use of EHRs within the
hospital. These data have been used to document EHR access
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and use by federal government organizations and by academic researchers.33–37 AHD is a private company that
provides data from hospitals nationwide, using public and
private sources. AHD data has also been used in recent
academic research.38,39
We include only hospitals classiﬁed as “general medical
and surgical,” removing specialty hospitals. The ﬁnal product
of our data aggregation is a panel dataset of 1,596 hospitals
with information on both hospital operating costs, and EHR
adoption/functionality/use for all 4 years of the analysis.
Rural hospitals were identiﬁed based on the Federal Ofﬁce of
Rural Health Policy’s list of rural zip codes.40 Forty-one
percent of the hospitals in our dataset reside in a rural
location. The main variables of interest are hospital operating
costs (broken out into ﬁve subcategories discussed below),
and EHR adoption/functionality/use.
The AHD database breaks total hospital operating costs
into ﬁve subcategories: general/ancillary, inpatient, outpatient, other reimbursable, and other general services costs.
This data comes from the Medicare Cost Reports, namely
worksheets A, B, and C.41,42 Notably, EHR-related costs are
included as “Capital Related Costs” on worksheet B (part of
general/ancillary) so that EHR improvements are captured
in the cost data. AHD contains annual data for over
7,000 U.S. hospitals, but we link only to those 1,596
hospitals completing all 4 years of the AHA IT survey. The
AHD data contain hospital characteristics likely to inﬂuence
hospital operating costs that can serve as control variables.43 This includes the number of beds, employees, discharges, acute days, and case mix index (CMI), which has
been shown to be an important contributor to hospital
operating costs.44–46
Our primary independent variables of interest relate to
EHR adoption, functionality, and use. The AHA IT database
includes several measures that can serve this purpose, with
the three we focus on deﬁned below.
1. Adoption: a dummy variable for the presence of a certiﬁed
EHR.
2. Functionality: assigned values 0 to 27 for the number of
computerized system functions that are “fully implemented across all units.” The computerized system functionalities are divided into ﬁve subcategories: electronic
clinical documentation, results viewing, computerized
provider order entry (CPOE), decision support, and other
functionalities.
3. Use: assigned values 0 to 10 for the number of processes or
products generated using the EHR system (for example,
creating an individual provider performance proﬁle).
The AHA IT survey questions used to derive these measures are provided in ►Supplementary Appendix A (available
in the online version), and the computerized system functionalities comprising the ﬁve subcategories are listed in
►Supplementary Appendix B (available in the online
version).
To examine the relationship between EHR and hospital
operating costs, we need to isolate the effect of the EHR
metrics on hospital operating costs from alternative effects
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related to hospital characteristics and time trends. We follow
Atasoy et al18 in estimating a panel regression with hospitaland year-ﬁxed effects on our panel of hospitals observed
annually from 2016 to 2019:

where logcost it is the log of hospital operating costs for
hospital i in year t, Xit are controls for hospital characteristics that change over time (log of number of beds, log of
total employees, log of total discharges, log of total acute
days, and CMI); τt captures the average changes to hospital
operating costs over time; μi is a hospital ﬁxed effect; EHRit
can be modiﬁed to include any of the three EHR metrics
described above; and εit is the independent random error
term.
Our main parameter of interest is u, with the hypothesis
that it will be negative and statistically signiﬁcant only for
EHR functionality (metric 2) and/or use (metric 3). The ﬁxed
effects model allows us to account for individual heterogeneity (i.e., hospital-speciﬁc effects such as employee attitude
toward EHRs) and year effects (capturing any national health
care shock or trend) to assess the net impact of the predictors
on the outcome variable.
Initially, we employ three ﬁxed-effects panel regressions
with the log of total hospital operating costs as the dependent variable and our three metrics for EHR adoption,
functionality, and use as the main independent variables
of interest. We explore these speciﬁcations across subsets of
rural and urban hospitals. Subsequently, we perform three
additional ﬁxed effects panel regressions using the log of
each dominant cost sub-category as dependent variables to
inform us about the speciﬁc types of costs that seem to be
most responsive to EHR functionality. Finally, we explore
which of the EHR functionalities (subcategories of metric 2;
detailed in ►Supplementary Appendix B, available in the
online version) are most related to the cost subcategories of
interest, and whether these relationships hold across rural
and urban geographies.
Our sample is limited by hospitals completing all 4 years
of the IT supplement survey. Since self-selection may occur,
to generalize our results we follow Parasrampuria and
Henry34 and use a logistic regression model to predict the
propensity of AHA IT survey response for all 4 years as a
function of hospital characteristics, including size, ownership, type of facility, CMI, and urban status. Hospital-level
weights were derived by the inverse of the predicted propensity and used in our analysis. Detailed information regarding the logistic regression model is provided in
►Supplementary Appendix C and ►Supplementary
Appendix D (available in the online version).
Given the panel nature of the data and the differences in
hospital sizes, costs, and EHR use/functionality between
rural and urban hospitals that we observe, the presence of
heteroskedasticity is likely. To test for groupwise heteroskedasticity in the ﬁxed-effects regression models we perform a
Modiﬁed Wald test. To test for nonlinearity we use the
command NLCHECK in STATA.47
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Fig. 1 Cost breakouts and cost composition for urban and rural hospitals (in millions of dollars), 2016–2019.

Results
►Fig. 1 demonstrates the signiﬁcant variation in costs for
rural versus urban hospitals in our sample, with total costs
seven times higher in urban locations. It also highlights an
increase in costs over time (particularly for urban hospitals),
suggesting that controlling for time-dependent cost
increases is an important part of our econometric approach.
►Fig. 1 further demonstrates that the cost composition is
different across geographies (bottom panel). While general
ancillary services costs represent the majority of costs (57%)
in all hospitals, outpatient costs are a larger percentage of
costs in rural (18–19%) versus urban (12–13%) locations. This
is consistent with recent research documenting an increase
in outpatient visits among rural hospitals—while also noting
the importance of this revenue stream for rural facilities.48 If
EHR functionality is revealed to impact overall costs (as
hypothesized), cost sub-components driving that relationship is an interesting follow-up question.
Summary statistics for the independent variables are
presented in ►Table 1, which indicates that EHR adoption
is high regardless of rural/urban status. This is consistent
with recent studies.49 The second and third metrics (funcApplied Clinical Informatics
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tionality and use) exhibit more variation, both over time and
across rural/urban facilities. Rural hospitals added an average of three EHR functions between 2016 and 2019, while
urban facilities reached almost full functionality by 2019.
Notably, the “functionality gap” between rural and urban
hospitals is reduced over time, moving from 1.8 additional
functions for urban locations in 2016 to only 1.1 by 2019. The
third measure, EHR use, is higher for urban hospitals but
increases only marginally over time, with all hospitals adding
only 0.2 uses on average between 2016 and 2018 (the 2019
survey did not include the “use” questions).
The values of the control characteristics vary signiﬁcantly
by rural/urban status (►Supplementary Appendix E, available in the online version). In 2019, urban hospitals had over
four times as many beds, ﬁve times as many employees, and
ten times as many total acute days when compared with
their rural counterparts. The CMI is also much higher in
urban facilities. These rural–urban differences hold in all
years of the analysis.
►Table 2 summarizes the results of our initial regressions.
For the full dataset (rural and urban hospitals combined),
none of the EHR metrics are signiﬁcantly associated with the
log of total operating costs at the p < 0.05 level. It is



655
655

941



8.54
6.54

655

941



8.36
6.40

655
Number of observations

941



8.28
6.38
EHR use
3

1.87
1.80
Other functionalities

Abbreviation: EHR, electronic health record.
a 
, , and  represent statistically signiﬁcant differences between rural and urban facilities at the p < 0.10, p < 0.05, and p < 0.01, levels, respectively.
b
American Hospital Association’s (AHA) Annual Survey of Hospitals Information Technology Supplement, 2016–2019. The 2019 AHA IT survey did not include the “EHR Use” question.

941

3.24
2.84
3.05
2.69
2.01
1.89



5.87
5.62


5.83
5.52






5.61
5.13


4.98
Decision support

5.55



4.96
4.85


4.94
4.80


4.84
4.48


4.36
Computerized provider order entry

5.55



5.96
5.75


5.94
5.66


5.88
5.34


5.29
Results viewing

5.82



5.74
5.40
5.33
Electronic clinical documentation

5.59



25.97

5.92
5.84
5.78

5.90



24.89
25.65
21.77
All EHR functionalities
2

23.57



24.46
24.08
22.23

0.98



0.98
Simple adoption (certiﬁed EHR)
1

0.98





0.97
0.98
0.96
0.98
0.97






2019
2018
2017

Rural

Variable

Table 1 EHR metrics and t-tests by rural/urban status

Urban

Diff.
2016

Rural

Urban

Diff.

Rural

Urban

Diff.

Rural

Urban

Diff.

EHR Functionality and Hospital Costs

Rhoades et al.

important to note that, although not statistically signiﬁcant,
the coefﬁcient of EHR functionality (metric 2) is negative,
following the hypothesized direction. Notably, the coefﬁcients for simple adoption and use (metrics 1 and 3) are
positive—although again are not statistically signiﬁcant. The
control variables have the expected positive signs, suggesting
that the model behaves according to economic theory. In
particular, higher case mix indices, more beds, discharges,
and total acute days are associated with larger hospital
operating costs. These variables measure the size and scope
of a hospital; it is a reasonable ﬁnding that larger hospitals
have higher costs. The overall ﬁts of the panel regressions are
quite good with R2 values exceeding 0.93.
When the speciﬁcations are explored across subsets of
rural and urban hospitals, we ﬁnd that only urban hospitals
appear to beneﬁt from operating cost decreases associated
with increasing EHR functionality (►Table 2). The respective
coefﬁcient suggests that an additional EHR function is associated with total costs reductions of 0.14%. Notably, higher
levels of EHR use are associated with higher costs in urban
hospitals, suggesting that new EHR activities lead to additional costs. The control variables demonstrate that the
number of employees and total discharges are predictive of
costs in urban hospitals, but not rural ones. The overall ﬁt of
the models remains strong.
We now turn to the effects of EHR functionality on subcategories of costs (►Table 3). We focus only on the three
dominant cost sub-categories (general/ancillary, outpatient,
and inpatient), which account for approximately ninetyeight percent of all hospital operating costs (►Fig. 1). Even
though we did not ﬁnd a signiﬁcant relationship between
EHR functionality and total hospital operating costs for the
full dataset (at the p < 0.05 level), ►Table 3 demonstrates
that once we examine the relationship between EHR functionality and each cost sub-category separately, we ﬁnd a
signiﬁcant and negative relationship between EHR functionality and outpatient costs (u ¼  0.0016, p ¼ 0.019), for the
full dataset. For general/ancillary costs and inpatient costs
the estimated coefﬁcients for the control variables are as
hypothesized, however, the results do not show a signiﬁcant
relationship with aggregate EHR functionality.
►Table 3 extends the sub-category cost analysis to explore rural versus urban hospitals separately, and indicates
that general/ancillary costs and outpatient costs have negative relationships with EHR functionality in urban hospitals.
Outpatient costs demonstrate the largest relationship
(u ¼  0.0022, p ¼ 0.036). The associated coefﬁcient implies
that for urban hospitals a one-unit increase in EHR functionality is associated with a 0.22% decrease in outpatient costs.
General/ancillary costs, which were not statistically signiﬁcant for the full dataset, show a signiﬁcant negative association with EHR functionality for urban hospitals (u ¼  0.0014,
p ¼ 0.034). For rural hospitals, no cost category shows a
signiﬁcant relationship with EHR functionality. This result
holds when the rural sample is limited to critical access
hospitals (not shown).
Lastly, we explore the ﬁve sub-categories of EHR functionality to narrow down which EHR functionalities are most
Applied Clinical Informatics
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Sample includes annual data from 2016 to 2019.
c
Robust standard errors, clustered by hospital, in parenthesis.
d
p< 0.10, p< 0.05, p< 0.01.
e
The American Hospital Association’s (AHA) Information Technology Supplement did not include the variable used in this study to measure EHR use (number of products) in 2019; thus the number of observations
in model (3) are lower.
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directly responsible for the decreasing relationships with the
main sub-categories of costs. We apply eq. (1) using
general/ancillary, inpatient, and outpatient costs as our
dependent variables, and each of the ﬁve sub-categories of
EHR functionalities as our primary independent variables of
interest. We include each sub-category of EHR functionality
in separate regressions due to multicollinearity concerns.
The results (►Table 4) suggest that for the full dataset,
increasing electronic clinical documentation is associated
with a signiﬁcant reduction in general/ancillary costs. The
associated coefﬁcient implies cost reductions of 0.44% for
each additional electronic clinical documentation function.
For inpatient costs, there are no signiﬁcant reductions associated with any EHR functionality at the p < 0.05 level.
Outpatient costs demonstrate negative and signiﬁcant relationships with electronic clinical documentation, and decision support. When all cost categories are aggregated
together, only electronic clinical documentation demonstrates a signiﬁcantly negative relationship (u ¼  0.0048, p
< 0.01; not shown in ►Table 4).
When we extend the analysis to look at rural versus urban
hospitals separately, we ﬁnd that no EHR functionality is
signiﬁcantly associated with costs reductions in rural hospitals (►Table 4). Notably, no EHR functionalities are associated with signiﬁcant cost reductions for outpatient costs in
rural areas, which make up a larger proportion of total costs
when compared with urban facilities (►Fig. 1). Alternatively,
a variety of EHR functionalities are associated with outpatient and general/ancillary costs reductions in urban locations. For urban hospitals, CPOE (p ¼ 0.042) is associated with
signiﬁcant outpatient cost reductions (0.74% for each additional function). In the general/ancillary category, electronic
clinical documentation (u ¼  0.0059, p ¼ 0.012) and results
viewing (u ¼  0.0066, p ¼ 0.036) are associated with signiﬁcant cost reductions in urban facilities. The trends are similar
for aggregate urban operating costs (not shown in ►Table 4),
where electronic clinical documentation (u ¼  0.0047),
results viewing (u ¼  0.0066), and CPOE (u ¼  0.0041)
all demonstrate signiﬁcantly negative relationships at the
p < 0.05 level.

Discussion
EHRs have become commonplace in U.S. hospitals, but prior
research has been unclear about their relationship with
operating costs. Rural and urban hospital employees interact
with EHRs differently, with fewer resources and expertise
available in rural locations. Testing whether the underlying
relationships differ across geography can have important
implications for future EHR policy. Our results suggest that
EHR functionality, and not simple adoption, is associated
with hospital operating cost reductions in urban areas. This
ﬁnding is of particular interest because previous studies have
largely focused on simple EHR adoption as the metric of
interest. The associated coefﬁcient suggests total operating
costs savings of 0.14% for an average urban hospital for each
additional EHR function (►Table 2). This ﬁnding is striking
because it suggests a short-term impact: increased EHR
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functionality in year t is associated with reduced hospital
operating costs in that same year. Our ﬁnding that EHR use is
associated with signiﬁcant cost increases in urban hospitals
may be due to the nature of the survey questions asked. We
hypothesize that alternative metrics for EHR use, such as
those that are part of the Centers for Medicare and Medicaid
Services’ (CMS) Promoting Interoperability Program,50 could
show different relationships with cost.
While the ﬁnding that increasing EHR functionality is
associated with lower hospital operating costs is likely of
interest to hospital administrators, the results are less optimistic for rural hospitals. EHR functionality is not associated
with signiﬁcant cost decreases at the aggregate level—or for
any cost sub-category—among rural hospitals. Therefore,
investing in additional total EHR functionality does not
appear to be a mechanism to reduce costs for rural hospitals.
In addition, our results show that urban EHR-related cost
reductions are driven by both general/ancillary and outpatient costs, but no such relationship is observed for rural
hospitals (►Table 3). This is important because of the higher
proportion of costs associated with outpatient services in
rural facilities (►Fig. 1). This may be because physician
practices that send patients to hospitals for outpatient
procedures are more likely to participate in health information exchanges in urban locations, resulting in less time (and
cost) spent gathering data at the hospital. An alternative
hypothesis is that the lack of a relationship is driven by the
fact that rural residents are less likely to manage their
personal health information online.51 Additional research
should explore why increased EHR functionality is associated with reduced outpatient costs in urban, but not rural,
facilities.
Finally, breaking out EHR functions into sub-categories
offers insight into how different EHR capabilities might
impact costs across geographies. The results suggest that
no EHR functionality sub-category has a signiﬁcant effect on
rural hospitals’ operating costs (►Table 4). In urban hospitals, the largest impacts to hospital operating costs are seen
for CPOE (outpatient costs: u = 0.0074). However, urban
hospitals have already invested in nearly all CPOE capabilities
(4.96 out of 5 in 2019) and so attempting to reduce costs
simply by adding more CPOE functionality is not an option
for most facilities. Notably, functionality associated with
telehealth (included under other functionality) was not
associated with cost reductions for any hospitals; however,
the period of analysis was prior to the COVID-19 pandemic
when telehealth use soared.
These ﬁndings have implications for policy and research
discussions. The negative relationship between increased
EHR functionality and total hospital operating costs in urban
hospitals suggests that the proper way to think of EHR
implementation is not in terms of simple adoption, but as
a longer-term investment whose payoff is realized as functionality is added. Rural facilities lag behind their urban
counterparts in terms of EHR functionality, but policy efforts
to improve this functionality should acknowledge the limited potential for short-term cost reductions. The discrepancies across rural/urban locations imply that additional
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research should attempt to tackle why speciﬁc EHR relationships are so much stronger for urban facilities. Speciﬁcally,
insight into why EHR functionalities reduce outpatient costs
in urban, but not rural, hospitals would be particularly useful
given the increasing importance of outpatient services for
rural facilities.
As an empirical study, our analysis has several limitations.
First, we focus on distinct EHR metrics over a particular
period; however, there may be better ways to measure EHR
use/functionality over time. It is worth noting that we did
explore several additional EHR metrics included in the AHA
IT Supplement (for example, integration of summary care
records received electronically; electronic availability of
clinical information) and found no impact on any type of
costs for rural or urban hospitals. Second, we are limited by
the self-reported nature of the IT supplement survey data,
which may introduce measurement error. Our approach does
not explicitly control for the EHR vendor (because it does not
vary over time for the vast majority of our hospitals). The
AHA IT survey does capture this data for each hospital, and
here we see that while the top three vendors (Cerner, Epic,
and Meditech) made up 85% of the urban systems in our
sample, they were only chosen by 63% of rural facilities. Four
smaller, alternative vendors (CPSI, Healthland, Evident, and
Medhost) captured 22% of the rural market but only 1% of
urban hospitals. The support network offered by the vendor
could be important for how the system is rolled out by the
hospital and the resulting relationship with workﬂow/costs.
We also use a dichotomous measure of rurality, and an
avenue for future research is to explore whether these results
hold across alternative deﬁnitions (such as micropolitan vs.
non-core counties, or the nine-category rural–urban continuum codes deﬁned by the U.S. Economic Research Service).52
Lastly, our two-way ﬁxed effects model controls for time
invariant unobserved hospital characteristics; however,
there may be time-varying hospital characteristics that are
not being captured by our model, such as changes to staff
education levels or hospital administration. These unobserved time-varying characteristics could be a potential
source of bias. Other potential confounders include baseline
outcomes and for-proﬁt status. While our empirical methodology is an improvement on prior cross-sectional studies,
an alternative approach is needed to make a strict causal
argument.

Conclusion
Policy discourse on EHRs has moved beyond simple possession of an EHR, with CMS’ 2021 Promoting Interoperability
Program requiring information on functionalities like eprescribing and provider-to-patient exchange.50 Our results
demonstrate that speciﬁc types of EHR functionality are
associated with reduced hospital operating costs in the short
term. They also highlight that rurality is an important
consideration, as cost reductions are only realized in urban
hospitals. A better understanding of why these rural/urban
differences exist is crucial, if only because rural hospitals are
more likely to operate on thin margins where any cost
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reduction could prove vital to remaining open. Importantly,
urban hospitals are nearing maximum functionality across
several sub-categories shown to impact costs, so policies
emphasizing the implementation of those speciﬁc EHR functions for urban locations may have limited impact. Exploring
the impacts of enhanced EHR functionality where adoption
is lower (telehealth; remote patient monitoring) is an opportunity for future research, particularly in light of increased
demand for these activities due to COVID-19.

Clinical Relevance Statement
Since their development, EHR proponents have argued that
they can help hospitals reduce operating costs. However, the
literature on the subject up to date is mixed. The results of
this study indicate that speciﬁc types of EHR functionality
are associated with reduced hospital operating costs in the
short term. However, such cost reductions are only observed
in urban hospitals.

Multiple Choice Questions
1. For the full dataset (urban and rural hospitals combined),
which cost subcategory is signiﬁcantly, negatively associated with increased EHR functionality?
a. General and ancillary costs.
b. Outpatient costs.
c. Inpatient costs.
d. None of the above.
Correct Answer: The correct answer is option b. When we
explore the effects of EHR functionality on subcategories
of costs for the full dataset, we ﬁnd that the negative
relationship between EHR functionality and total hospital
operating costs is driven by outpatient costs.
2. Once we focus exclusively on rural hospitals, which cost
subcategory is signiﬁcantly, negatively associated with
increased EHR functionality?
a. General and ancillary costs.
b. Outpatient costs.
c. Inpatient costs.
d. None of the above.
Correct Answer: The correct answer is option d. When we
extend the analysis to look at rural hospitals separately,
we ﬁnd that no cost subcategory shows a signiﬁcant
relationship with EHR functionality.
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This research included only secondary analysis of existing
hospital-level data that did not include any living individuals or any identiﬁable private information. As such, no
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