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Objective. To estimate the incremental effects of transitions in electronic health
record (EHR) system capabilities on hospital process quality.
Data Source. Hospital Compare (process quality), Health Information and
Management Systems Society Analytics (EHR use), and Inpatient Prospective
Payment System (hospital characteristics) for 2006–2010.
Study Setting. Hospital EHR systems were categorized into five levels (Level_0 to
Level_4) based on use of eight clinical applications. Level_3 systems can meet 2011
EHR “meaningful use” objectives. Process quality was measured as composite scores
on a 100-point scale for heart attack, heart failure, pneumonia, and surgical care infec-
tion prevention. Statistical analyses were conducted using fixed effects linear panel
regression model for all hospitals, hospitals stratified on condition-specific baseline
quality, and for large hospitals.
Principal Findings. Among all hospitals, implementing Level_3 systems yielded an
incremental 0.35–0.49 percentage point increase in quality (over Level_2) across three
conditions. Hospitals in bottom quartile of baseline quality increased 1.16–1.61
percentage points across three conditions for reaching Level_3. However, transitioning
to Level_4 yielded an incremental decrease of 0.90–1.0 points for three conditions
among all hospitals and 0.65–1.78 for bottom quartile hospitals.
Conclusions. Hospitals transitioning to EHR systems capable of meeting 2011
meaningful use objectives improved process quality, and lower quality hospitals
experienced even higher gains. However, hospitals that transitioned to more advanced
systems saw quality declines.
Key Words. Electronic health record, EHR meaningful use, acute-care hospitals,
inpatient process quality, panel data analysis

Electronic health records (EHRs) are expected to play a key role in improving
the quality of U.S. health care (IOM 2001, 2003; Blumenthal 2010; Buntin,
Jain, and Blumenthal 2010). EHRs can improve quality of care delivery in
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numerous ways such as providing accurate and up-to-date patient information
and medical knowledge, rapid retrieval of health information, ability to
exchange health information to all authorized participants within or across
organizations, automated clinical reminders, improved adherence to treat-
ment guidelines, and accumulation of data for quality monitoring and
improvement (IOM 2003; Millery and Kukafka 2010). As part of the Health
Information Technology for Economic and Clinical and Health Act
(HITECH) legislation, the Obama Administration has committed $27 billion
dollars to fund the implementation of EHRs through an incentive-based pro-
gram for organizations that demonstrate the “meaningful use” of certified
EHR technology as measured by a set of objectives, including breadth of use
(i.e., the spread of EHR use among medical staff), extent of use (i.e., level/fre-
quency of EHR use in organization-wide clinical decision making and nursing
workflow), and quality improvement (Blumenthal and Tavenner 2010; CMS
2010). Achievement of these meaningful use (MU) objectives by 2015 is
expected to occur in three stages. Initial objectives to be achieved by 2011
include the basic tasks of creating and maintaining medical records in elec-
tronic form (e.g., patient demographics, medication lists), as well as using
EHR features such as drug–drug and drug–allergy interactions, and clinical
decision rules (CMS 2010).

A focus onmeaningful use “to achieve significant improvements in care”
is essential given the varied evidence of benefits of health information technol-
ogy (IT). However, to the best of our knowledge, limited empirical research
has focused on the benefits of meaningful use. Recently, Jones et al. (2011)
showed that the use of computerized physician order entry systems (CPOE)
for electronic medication orders satisfying post-2011 meaningful use criteria
was associated with lower mortality rates for cardiovascular conditions. Of
course, there is an active body of research on the benefits of health IT. Five sys-
tematic syntheses of prior work spanning two decades of research foundmixed
evidence of benefits, though positive findings are on the rise (Garg et al. 2005;
Chaudhry et al. 2006; Goldzweig et al. 2009; Millery and Kukafka 2010;
Buntin et al. 2011). In particular, findings from studies using national cross-
sectional and panel data suggest that the use of health IT was modestly
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associated with better hospital quality (Kazley andOzcan 2008; Yu et al. 2009;
DesRoches et al. 2010; Himmelstein, Wright, and Wooldhandler 2010; Jones
et al. 2010; McCullough et al. 2010; McCullough, Parente, and Town 2011;
Miller and Tucker 2011). For example, Appari et al. (2011) recently showed a
positive link between electronic medication management systems and adher-
ence to medication guidelines. However, other recent studies still find negative
effects of advanced EHR implementations (e.g., Jones et al. 2010).

Overall, the inconsistent findings and a lack of strong positive evidence
raise concerns among prospective EHR adopters (CMIO 2010). More impor-
tant, teasing out the impact on quality is particularly challenging because, just
like adoption of IT, care quality is associated with organizational characteris-
tics and market factors (e.g., Hearld et al. 2008; Scanlon et al. 2008; Lehrman
et al. 2010; Werner et al. 2011). Prior research has used different empirical
strategies to attempt to deal with the endogeneity of ITadoption and hospital
characteristics, including the use of propensity score adjustments, instrumen-
tal variables, stratification on hospital size, difference-in-difference methods,
and longitudinal analysis (e.g., Furukawa et al. 2008; Kazley and Ozcan 2009;
Furukawa, Raghu, and Shao 2010, 2011; Himmelstein, Wright, and
Wooldhandler 2010; Jones et al. 2010; Miller and Tucker 2011; Appari et al.
2012). Most longitudinal studies have considered only a limited set of health
IT applications as markers for EHR implementation such as clinical data
repository, clinical decision support, and CPOE (e.g., Jones et al. 2010;
McCullough et al. 2010; Miller and Tucker 2011), as well as ancillary informa-
tion systems and medication management technologies (e.g., Furukawa,
Raghu, and Shao 2010, 2011).

In this study, we sought to examine the effects of changes in EHR sys-
tem capabilities on changes in process quality performance, with specific
attention to the transition to systems capable of meeting the 2011 MU
objectives. We posit two hypotheses: First, Hospitals that transition to EHR
systems capable of meeting 2011 MU objectives in a given year will have positive
gains in process quality in the subsequent period, controlling for hospital and market
characteristics. Quality improvement follows the law of diminishing returns
(Donabedian, Wheeler, and Wyszewianski 1982; Levin 2000), implying lar-
ger gains are made when extant quality performance is low, while incre-
mental gains diminish and become more expensive when quality is already
high (Cole 1990; Benson, Saraph, and Schroeder 1991; Levin 2000).
Grounded in this premise, we hypothesize that Hospitals with lower baseline
quality will see a significant change in quality from transitioning to an EHR system
capable of meeting 2011 MU objectives.
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The primary contribution of this study lies in conceptualizing EHR sys-
tem capabilities vis-à-vis progression toward 2011 MU objectives and analyz-
ing how such transitions are associated with changes in quality in subsequent
periods. Using an extensive 5-year panel dataset of U.S. hospitals, we demon-
strate the effects of changes in EHR capability on changes in process quality
across multiple conditions for all hospitals, as well as the differential effects in
hospitals stratified by condition-specific baseline quality.

METHODS

Data Sources

Our analytic sample comprises 3,921 nonfederal acute-care U.S. hospitals
spanning 2006–2010 with 16,650 hospital-year observations. Data were
drawn from three sources. Data on EHR systems came from 2005 to 2009
Health Information and Management Systems Society (HIMSS) Analytics
Databases, which includes hospital characteristics and the operational status
of clinical health ITapplications.1 HIMMS “is the most comprehensive data-
base of hospital IT adoption decisions” (McCullough 2008; Jones et al. 2010)
and has been extensively used in health ITresearch (e.g., Fonkych and Taylor
2005; Kazley and Ozcan 2008, 2009; Yu et al. 2009; Furukawa, Raghu, and
Shao 2010; Jones et al. 2010; McCullough et al. 2010; Miller and Tucker
2011; Appari et al. 2012). HIMSS follows a rigorous annual process to update
the database. It involves initial descriptive organizational data gathering con-
ducted by phone and followed by an in-depth health IT inventory survey
completed by hospital administrators. HIMSS provides benchmarking
reports to respondents as an incentive for participation. Some researchers
have pointed to inconsistencies and low response rates for a different HIMSS
survey of about 200 hospital chief information officers (e.g., Fonkych and
Taylor 2005; Jha et al. 2009). We do not use such survey data.

The EHR data were merged with data on process quality for inpatients
obtained from the Centers for Medicare andMedicaid Services (CMS) Hospi-
tal Compare website, a publicly available data source of hospital performance
on select quality measures developed by Hospital Quality Alliance. In particu-
lar, we used third quarter releases from 2007 to 2011, providing hospital qual-
ity data for prior calendar years January–December 2006–2010. In addition,
data on hospitals’ structural characteristics, used as control variables in our
analyses, were obtained from the CMS Acute Inpatient Prospective Payment
System Impact files for respective years available from the CMSwebsite. A list

Meaningful Use of EHR Systems and Process Quality of Care 357



of all model variables and their respective data sources are described in
Appendix SA2.

We matched EHR systems operational in a given year with quality per-
formance data in the subsequent period (minimum of 12 months after EHR
system transition, and up to 18-months posttransition). This strategy to lag
technology data against performance, also used in prior research (e.g., Furuka-
wa, Raghu, and Shao 2010; Jones et al. 2010; Miller and Tucker 2011; Appari
et al. 2012), avoids an overlap of the quality measurement period with the ini-
tial adoption and deployment of new technology.

Measurement of EHR Levels

The 2011MU objectives require adoption and use of several EHR functional-
ities (or modular applications) (DHHS 2010).2 Building on prior research
(e.g., Furukawa, Raghu, and Shao 2010) and the HIMSS report on mapping
clinical IT applications to the 2011 MU objectives (HIMSS 2010), we classi-
fied hospitals into five levels of cumulative EHR system capability. In particu-
lar, we considered eight major clinical ITapplications to classify hospital EHR
systems: Level_0 hospitals (primitive EHR capability), used as reference
group, typically have none or some clinical systems in place but would be con-
sidered less than rudimentary (Level_1) on our scale; Level_1 includes three
ancillary IT systems—laboratory, pharmacy, radiology; Level_2 additionally
includes clinical data repository and clinical decision support; Level_3 further
includes nursing documentation and electronic medication administration
record; and finally, Level_4 includes CPOE and all preceding applications.
Hospitals at EHR Level_3 have the system capabilities required to meet 2011
MU objectives and at Level_4 with full implementation of CPOE and other
optional applications have the capabilities to meet post-2011 MU objectives.
While complete satisfaction of 2011 MU objectives requires fulfilling clinical
and administrative activities using EHR systems, here we measure only
whether a hospital system has the functional capabilities to meet the objectives
as we have no data on whether they actually accomplished the activities.

Measurement of Process Quality

To measure quality of care, we estimated composite scores using raw data on
several process quality indicators for four conditions from Hospital Compare:
acute myocardial infarction (AMI or heart attack), heart failure (HF), pneumo-
nia (PN), and surgical care infection prevention (SCIP). Each composite score
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represents the proportion of eligible patient cases (with no contraindication)
for whom evidence-based clinical guidelines were adhered across all indica-
tors (for a given condition during the observation year). List of all constituent
indicators for each condition are described in Appendix SA4. These compos-
ite scores were estimated using the “denominator-based weights” approach
(Shwartz et al. 2008; Jones et al. 2010; Lehrman et al. 2010). To ensure ade-
quate reliability of these quality measures, composite scores were estimated
only for hospitals reporting at least 30 eligible patient cases across the constitu-
ent indicators ( Jha et al. 2005; Shwartz et al. 2008; Wennberg et al. 2008).
Finally, the process quality scores were scaled from 0 to 100 to interpret the
technology coefficients as percentage change in quality for incremental
advancement of EHR systems.

Measurement of Hospital and Market Characteristics

Quality of care delivered at hospitals is influenced by their structural charac-
teristics and the environment in which they operate (Ayanian and Weissman
2002; Donabedian 2003; Jha et al. 2005; Hearld et al. 2008; Scanlon et al.
2008; Armstrong, Laschinger, and Wong 2009; Lehrman et al. 2010; Werner
et al. 2011). Consistent with this body of research and prior research in health
IT, we used a comprehensive set of control variables to account for potential
confounding effects. The hospital characteristics included teaching status,
profit status, membership in a multihospital integrated delivery system, mag-
net status for nursing excellence, presence of cardiac intensive care unit,
staffed bed size, transfer adjusted case mix index, rural location, and whether
the hospital qualified forMedicare disproportionate share adjustments (Furukawa
et al. 2008; Kazley and Ozcan 2008; Jha et al. 2009; Yu et al. 2009; Furukawa,
Raghu, and Shao 2010; Himmelstein, Wright, and Wooldhandler 2010; Jha
et al. 2010; Appari et al. 2012). Further, we included a measure of market
competition intensity measured by the Herfindahl–Hirschman index using
bed size to control for competition effect (Levitt 1994; Kessler and Geppert
2005;Weiner et al. 2006; Scanlon et al. 2008;Werner et al. 2011).

Sample

We constructed a national panel data sample of nonfederal (U.S.) acute-care
hospitals by merging hospital level data from these three sources using the
Medicare provider number as the common identifier (confirming matches
based on facility names and location). The process of panel data construction
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is described in Appendix SA3. To facilitate stratified analyses, hospitals were
grouped into bottom quartile, inter-quartile, and top quartile hospitals based
on their composite score for each condition individually in 2005—1 year
prior to our analysis period. Hospitals that did not have 2005 quality scores
were stratified by considering their first appearance in the panel period 2006–
2010.We createdmultiple analytic datasets: an unbalanced panel of 3,921 hos-
pitals spanning 2006–2010 and comprising 16,650 hospital-year observations,
and a series of balanced panels for each condition (the number of hospitals
and observations vary by condition, see Table 4).

Panel Data Analysis

Our data are an unbalanced short and wide panel, that is, large number of hos-
pitals observed over relatively fewer time periods. To test our primary hypoth-
esis for incremental effects of EHR system transitions on process quality, we
estimated a linear panel regression model for each condition (composite pro-
cess quality scores for acute myocardial infarction, heart failure, pneumonia,
and surgical infection prevention as dependent variables) separately—first
using the full unbalanced panel (all hospitals with at least 2 years of data), and
then using a balanced panel (only hospitals with all 5 years of data). Subse-
quently, to test our secondary hypothesis, these analyses for unbalanced and
balanced panels were repeated for hospitals stratified into bottom quartile,
inter-quartile, and top quartile of baseline quality for each condition individually.

The statistical analysis for each condition was conducted by estimating
linear panel regression models with both hospital-specific individual and year-
specific time fixed effects (in STATA 12.0). Our initial analysis indicated both
cross-sectional and temporal dependencies in our panel data (Wooldridge’s
[2002] test on full panel confirmed serial correlation and Pesaran’s [2004] test
on a subsample confirmed cross-sectional correlation; additionally, both the
standard Hausman test and its alternative robust formulation as suggested in
Wooldridge [2002] rejected the random effects model—an alternative
approach to account for individual heterogeneity; test results not reported
here). On the basis of these results, we applied a variant of Driscoll and
Kraay’s (1998) method of producing heteroscedasticity, autocorrelation, and
spatial correlation consistent robust standard errors in linear panel regressions
using xtscc—a STATA program byHoechle (2007). This program implements
an extension of Driscoll and Kraay’s method (initially proposed for balanced
panels using Newey–West type corrections) that is applicable for unbalanced
panels and has been shown to perform better than conventional linear panel
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models that do not account for cross-sectional dependence, especially across
large panels (Hoechle 2007). Using a fixed-effects (within) model, the xtscc
procedure first transforms all model variables at an individual cluster level (in
our case for each hospital). Then, estimates are generated using a pooled
ordinary least-square regression on the within-transformed data panel. The
coefficients and their standard errors are robust to very general forms of serial
correlation and cross-sectional dependence.

In all regressions, we used year dummies to account for unobserved per-
iod-specific fixed effects, and time variant hospital and market characteristics
to account for hospital and environment changes over time. Finally, we also
performed an additional robustness check by analyzing panel data on large
hospitals (with at least 100 beds) that are most likely to have advanced EHR
systems (results are reported in online appendix Tables B and C).

RESULTS

Descriptive Statistics

The descriptive statistics of hospital EHR system levels and process quality
performance are reported in Table 1. For the pooled data on all hospitals,
about 27 percent of hospitals were at EHR Level_1, 35 percent at Level_2, 15
percent at Level_3, 13 percent at Level_4, and the remainder with primitive
EHR capability (Level_0). Over time, hospitals have invested in advanced
health IT, including nursing documentation, electronic medication adminis-
tration record, and CPOE. As can be seen in Table 1, the proportion of hospi-
tals in Levels_3 and 4 increased from less than 10 percent in 2006 to almost 50
percent in 2010.

Among all hospitals in the panel, the mean (composite) process quality
across the four conditions ranged from 87.3 to 94.8 percent. In the 5-year per-
iod, mean (composite) process quality for acute myocardial infarction
increasedmoderately by about 5 percentage points (from 91.9 to 97.3 percent).
The improvement over that time for heart failure, pneumonia, and surgical
care infection prevention was approximately 12–17 percentage points.
Descriptive statistics for hospital characteristics are reported in Table 2.

Effect of EHR System Transitions on Hospital Process Quality

The incremental effects of EHR system transitions on process quality for acute
myocardial infarction, heart failure, pneumonia, and surgical infection
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prevention are reported in Table 3 (unbalanced panel) and Table 4 (balanced
panel). In the context of delivering care to acute myocardial infarction patients
in all hospitals (column one in Table 3), EHR system transitions from Level_2
to Level_3, capable of meeting 2011 MU objectives, were associated with an
increase in quality of 0.35 percentage points, after controlling for hospital
characteristics, as well as for unobserved period effects, and time variant
hospital and market characteristics. The transition from Level_3 to Level_4,
however, was associated with a decrease in quality of 0.90 percentage points.
In the stratified analysis, EHR system transitions had similar effects among
the lowest quality hospitals (bottom quartile) with a statistically significant
positive increase of 1.16 percentage points for the transition from Level_2 to
Level_3 systems capable of theMU objectives. This means that on average for
about 1.2 percent of additional eligible cases, patients received the recom-
mended treatment for AMI in low-quality hospitals that implemented Level_3
systems, all else equal. However, bottom quartile hospitals also had a statisti-
cally significant decline of 0.65 percentage points associated with a transition
from Level_3 to Level_4 systems. Among hospitals in the interquartile range
of baseline quality, there was little significant effect of transitions in EHR sys-
tems, except for a slight decline of 0.18 percentage points for transitions from
Level_0 to Level_1. Among high-quality hospitals in the top quartile, hospitals
transitioning from Level_1 to Level_2 saw a statistically significant improve-
ment of 0.32 percentage points, no effect for transitions to Level_3 systems,
but a statistically significant decline in quality of 0.36 points for transitions to
Level_4 systems.

For process quality in delivering care to heart failure patients, across all
hospitals the EHR system transitions to Level_3 were associated with a small
but statistically significant increase in quality of 0.37 percentage points. In
addition, transitions from primitive EHR (Level_0) to Level_1 were associ-
ated with a 1.13 percentage point increase in quality, no significant change for
transitions to Level_2, but a decline of 0.92 percentage points for the transition
to Level_4. These results are intensified among bottom quartile hospitals in
which transitions to Level_3 systems were associated with increased quality of
1.32 percentage points, whereas transitions to Level_4 systems were associ-
ated with decreased quality of 1.31 percentage points, essentially wiping out
the gains achieved with Level_3 systems. Among hospitals in the interquartile
range of quality, there was a statistically significant increase in quality of 0.65
percentage points for the transition to Level_3. Among top quartile hospitals,
only the transition to Level_3 was statistically significant but showed a decline
in quality of 0.31 percentage points.
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Table 3: Estimation of Incremental Effects of Electronic Health Record
(EHR) Capability on Inpatient Process Quality at U.S. Acute-Care Hospitals
(All Hospitals; Unbalanced Panel; 2006–2010)

EHR Capability Transitions All Hospital

Hospitals Stratified on Baseline Quality

Bottom Quartile Interquartile Top Quartile

(A) Acute myocardial infarction: Composite process quality
Level_0 to Level_1 0.29 (0.25) 1.34 (0.78) �0.18 (0.08)* �0.17 (0.21)
Level_1 to Level_2 �0.08 (0.18) �0.18 (0.41) �0.23 (0.12) 0.32 (0.12)*
Level_2 to Level_3 0.35 (0.13)* 1.16 (0.28)*** 0.18 (0.13) �0.01 (0.09)
Level_3 to Level_4 �0.90 (0.12)*** �0.65 (0.20)** �0.12 (0.07) �0.36 (0.06)***
#Observations 12,181 2,423 6,528 3,230
#Hospitals 2,809 660 1,436 713
(B) Heart failure: Composite process quality
Level_0 to Level_1 1.13 (0.15)*** 1.15 (0.63) �0.42 (0.16)* �0.03 (0.18)
Level_1 to Level_2 �0.19 (0.18) 0.30 (0.47) �0.07 (0.04) 0.15 (0.11)
Level_2 to Level_3 0.37 (0.13)** 1.32 (0.46)** 0.65 (0.17)** �0.31 (0.10)**
Level_3 to Level_4 �0.92 (0.21)*** �1.31 (0.29)*** �0.17 (0.16) 0.19 (0.16)
#Observations 14,471 3,032 7,850 3,589
#Hospitals 3,181 693 1,678 810
(C) Community acquired pneumonia: Composite process quality
Level_0 to Level_1 �0.15 (0.13) 0.96 (0.44)* �0.30 (0.09)** 0.54 (0.18)**
Level_1 to Level_2 �0.19 (0.10) �0.20 (0.18) �0.17 (0.16) 0.22 (0.10)*
Level_2 to Level_3 0.49 (0.10)*** 1.61 (0.20)*** 0.19 (0.11) 0.16 (0.10)
Level_3 to Level_4 0.13 (0.06)* �0.23 (0.15) 0.52 (0.07)*** �0.17 (0.16)
#Observations 14,571 3,767 7,847 2,957
#Hospitals 3,201 816 1,669 716
(D) Surgical infection prevention: Composite process quality
Level_0 to Level_1 0.36 (0.31) 0.75 (0.63) 0.49 (0.47) �0.73 (0.19)**
Level_1 to Level_2 �0.35 (0.27) �0.04 (0.27) �0.26 (0.11)* 0.02 (0.18)
Level_2 to Level_3 �0.09 (0.19) 0.17 (0.22) 0.11 (0.15) �0.51 (0.11)***
Level_3 to Level_4 �1.01 (0.14)*** �1.78 (0.20)*** �0.02 (0.23) 0.45 (0.17)*
#Observations 14,064 3,625 7,460 2,979
#Hospitals 3,112 802 1,595 715

Note. ***p � .01; **p � .05; and *p � .10.
Driscoll and Kraay robust standard errors are in parentheses.
The incremental effects of EHR capability were estimated using fixed effects (within) linear panel
regressionmodel with Driscoll and Kraay standard errors accounting for serial and cross-sectional
correlation after adjusting for unobserved period fixed effects (year dummies), and hospital char-
acteristics and market competition intensity (measured by Herfindahl–Hirschman index at hospi-
tal referral region). All process quality measures (i.e., dependent variables) are composite scores
(in percentage) with minimum of 30 total eligible cases for each condition. The organizational
characteristics include for-profit status, teaching status, rural location, member of multihospital
system, presence of cardiac intensive care unit, transfer adjusted case mix index, qualification for
disproportionate share payment, staffed bed capacity, and magnet status. Hospital stratification is
based on observed quality in 2005 or first occurrences during 2006–2010.
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Table 4: Estimation of Incremental Effects of Electronic Health Record
(EHR) Capability on Inpatient Process Quality at U.S. Acute-Care Hospitals
(All Hospitals; Balanced Panel; 2006–2010)

EHR Capability Transitions All Hospital

Hospitals Stratified on Baseline Quality

Bottom Quartile Interquartile Top Quartile

(A) Acute myocardial infarction: Composite process quality
Level_0 to Level_1 0.12 (0.34) 1.72 (1.28) �0.23 (0.17) �0.27 (0.20)
Level_1 to Level_2 �0.04 (0.13) 0.09 (0.37) �0.31 (0.08)** 0.31 (0.12)*
Level_2 to Level_3 0.38 (0.14)** 1.31 (0.22)*** 0.21 (0.18) 0.01 (0.09)
Level_3 to Level_4 �0.81 (0.15)*** �0.67 (0.26)* �0.06 (0.08) �0.39 (0.05)***
#Observations 10,405 1,660 5,840 2,905
#Hospitals 2,081 332 1,168 581
(B) Heart failure: Composite process quality
Level_0 to Level_1 0.93 (0.33)** 1.03 (1.03) �0.93 (0.13)*** 0.07 (0.23)
Level_1 to Level_2 �0.29 (0.10)** �0.58 (0.24)* 0.09 (0.08) 0.20 (0.13)
Level_2 to Level_3 0.44 (0.10)*** 1.70 (0.45)** 0.58 (0.14)*** �0.32 (0.11)**
Level_3 to Level_4 �0.89 (0.21)*** �1.16 (0.28)*** �0.16 (0.16) 0.14 (0.15)
#Observations 12,805 2,540 7,125 3,140
#Hospitals 2,561 508 1,425 628
(C) Community acquired pneumonia: Composite process quality
Level_0 to Level_1 �0.36 (0.11)** 0.61 (0.43) �0.42 (0.11)** 0.47 (0.17)**
Level_1 to Level_2 �0.19 (0.09)* �0.16 (0.18) �0.19 (0.13) 0.13 (0.10)
Level_2 to Level_3 0.45 (0.13)** 1.47 (0.19)*** 0.20 (0.13) 0.11 (0.09)
Level_3 to Level_4 0.18 (0.06)** 0.01 (0.12) 0.53 (0.08)*** �0.31 (0.10)**
#Observations 12,940 3,400 7,235 2,305
#Hospitals 2,588 680 1447 461
(D) Surgical infection prevention: Composite process quality
Level_0 to Level_1 �0.41 (0.31) �1.37 (0.69) 0.53 (0.35) �0.09 (0.46)
Level_1 to Level_2 0.00 (0.08) 0.68 (0.67) �0.52 (0.24)* �0.34 (0.36)
Level_2 to Level_3 0.53 (0.35) 1.41 (0.55)* 0.63 (0.25)* �0.28 (0.25)
Level_3 to Level_4 �2.02 (0.21)*** �2.71 (0.42)*** �1.08 (0.42)* �0.11 (0.18)
#Observations 5,365 1,675 2,670 1,020
#Hospitals 1,073 335 534 204

Note. ***p � .01; **p � .05; and *p � .10.
Driscoll and Kraay robust standard errors in parentheses.
The incremental effects of EHR capability were estimated using fixed effects (within) linear panel
regressionmodel with Driscoll and Kraay standard errors accounting for serial and cross-sectional
correlation after adjusting for unobserved period fixed effects (year dummies), and hospital char-
acteristics and market competition intensity (measured by Herfindahl–Hirschman index at hospi-
tal referral region). All process quality measures (i.e., dependent variables) are composite scores
(in percentage) with minimum of 30 total eligible cases for each condition. The organizational
characteristics include for-profit status, teaching status, rural location, member of multihospital
system, presence of cardiac intensive care unit, transfer adjusted case mix index, qualification for
disproportionate share payment, staffed bed capacity, and magnet status. Hospital stratification is
based on observed quality in 2005 or first occurrences during 2006–2010.
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Significant quality changes in pneumonia care associated with transi-
tions in EHR systems were mostly positive. Among all hospitals, transitions to
Level_3 and to Level_4 were associated with modest but statistically signifi-
cant increases in quality of 0.49 and 0.13, respectively. For low-quality hospi-
tals, transitions to Level_1 and to Level_3 were associated with statistically
significant increases in quality of 0.96 and 1.61, respectively. Hospitals in the
interquartile range of quality saw a statistically significant increase in quality
of 0.52 for the transition to Level_3, but a modest and statistically significant
decline in quality with a transition to Level_1 (0.30 percentage points). Top
quality hospitals saw increases in quality for transitions to Level_1 (0.54) and
to Level_2 (0.22) only.

Finally, regarding process quality in the context of surgical infection pre-
vention in all hospitals, there were no significant effects of EHR system transi-
tions except for transitions to Level_4, in which quality declined by 1.01
percentage points. Similarly, among bottom quartile hospitals, only the transi-
tion to Level_4 EHR systems was associated with a statistically significant
decline in quality of 1.78 percentage points. There was very little significant
effect of EHR transitions for interquartile quality hospitals, while top quality
hospitals saw declines in quality associated with transitions to Level_1 (0.73)
and to Level_3 (0.51), but a modest improvement in quality (0.45) with a
transition to a Level_4 system.

DISCUSSION

This study examined the relationship between EHR use and process quality
of care at nonfederal (U.S.) acute-care hospitals. We employed a panel dataset
for the period (2006–2010) to examine how transitions in EHR systems were
associated with changes in process quality in subsequent periods, and more
specifically, whether transitioning to an EHR system capable of achieving the
2011 MU objectives was associated with improved process quality. Little
research has examined the impact of changing EHR systems, or of those that
satisfy specific policy standards, such as the MU objectives. Moreover, apart
from a handful of studies, most have used a cross-sectional design and consid-
ered select clinical IT applications. This study contributes to our understand-
ing of emerging health IT in two important ways. First, to our knowledge, this
study is one of the first to quantify, using panel data, the association of EHR
system transitions with changes in process quality, and specifically in the con-
text of the MU standards. The variations in effects of EHR system transitions
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were examined for hospitals stratified by their baseline quality performance.
Furthermore, the selection of 2006–2010 as the study period avoids any poten-
tial bias associated with policy regime changes under the provisions of the
HITECH Act as all technology changes being studied occurred up through
2009 only. Second, unlike prior longitudinal studies, we account for both
potential serial and cross-sectional correlation in quality performance in addi-
tion to the common practice of adjusting for quality improvement common to
all hospitals using year-specific fixed effects, and heterogeneity in hospital
practices using hospital-specific fixed effects (within).

Overall, we found support for our primary hypothesis among all hospi-
tals that transitioning to a Level_3 EHR system capable of meeting the 2011
MU objectives was associated with statistically significant, but clinically
modest, incremental gains in process quality for AMI, heart failure, and
pneumonia care by about 0.35–0.49 percentage points, but not for preven-
tion of surgical infection. Furthermore, the stratified analysis of hospitals
grouped on baseline quality performance provided support for the second-
ary hypothesis that low-quality hospitals (those in the bottom quartile) saw
statistically significant increases in quality from transitions to Level_3 sys-
tems. The incremental improvements in quality resulting from transitioning
to Level_3 systems ranged from 1.16 to 1.61 percentage points for low-qual-
ity hospitals. These improvements, though seemingly small in clinical terms,
represent increases of on average 3.5–5.0 cases of adherence (per 1,000 eligi-
ble cases without contraindication across condition-specific multiple indica-
tors) to recommended treatment guidelines at hospitals with Level_3 system,
regardless of their baseline quality. Furthermore, for hospitals with low base-
line quality that transition to Level_3 systems, our results represent an
increase of on average 11.6–16.1 cases of adherence (per 1,000 eligible cases
without contraindication) to recommended treatment guidelines. Given the
time variant and invariant controls, and the autocorrelation structure used in
the statistical models, these estimates are powerfully robust. Furthermore,
these effect sizes are consistent with prior studies examining relationships
between health IT and process quality (e.g., DesRoches et al. 2010; Jones
et al. 2010; McCullough et al. 2010; Appari et al. 2012). Also recall that the
mean quality scores are within a range of 78–97 of 100, so there is a potential
“ceiling” effect in process quality, particularly for advanced hospitals with
high-quality scores ( Jones et al. 2010). Finally, even modest improvements
in process quality can have an important impact in health care (Shih and
Schoenbaum 2007).
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Ourfindings, however, are tempered by anunexpected, and less promising,
finding that transitions fromLevel_3 to Level_4 systems (capable ofmeeting post-
2011MUobjectives) were associated with statistically significant declines in qual-
ity for AMI, heart failure, and surgical infection prevention care. Other research
has documented that EHR interventions sometimes introduce undesired opera-
tional failures (Tucker and Spear 2006; Harrison, Koppel, and Bar-Lev 2007).
These observations coupled with our findings suggest that not all IT implementa-
tionswill result in additional quality gains.Certainly, it could be the case that some
ITsystem transitions take longer to see the benefits than we were able to examine
in this study. Over more time, both significant organizational learning and tech-
nology improvementmay eventually yield positive results.

Given that there is significant variation in the use of hospital IT by hospi-
tal size ( Jha et al. 2009, 2010) and that size is also associated with quality, we
conducted additional analyses to model the effects of EHR system transitions
on quality amongmedium and large hospitals (bed size of at least 100—shown
in online Appendix Tables B and C). The findings are consistent with those for
the whole sample, supporting the hypothesis that transitions to EHR systems
capable of 2011 MU are associated with quality improvements, and that the
transitions are most important for low-quality hospitals. The findings also
show that transitions to themost advanced systems are associatedwith declines
in quality. Finally, in light of varying effects of EHR system capability transi-
tions on hospital quality, our findings indicate that there could be a nonlinear
relationship between EHR and hospital quality performance.

Implications for Policy and Practice

With the launch of the HITECH Act and the financial incentive programs to
promote effective use of EHRs, the Obama administration has argued that
meaningful use of health ITwill lead to improved quality of health care deliv-
ery (Blumenthal 2010). As of January 2012, nearly 2,000 hospitals and over
41,000 providers have received $3.1 billion thus far under the incentive pro-
gram (which will remain active until 2021; penalties for not demonstrating
meaningful use begin after 2015). Our study has important implications for
the policy debate over the expected benefits from EHR incentive programs.
We find evidence of promising improvements in process quality across a vari-
ety of conditions as hospitals implement systems capable of meeting the 2011
meaningful use objectives. Our results also show that the benefits are expected
to be more prominent, yet clinically modest, for hospitals with lower baseline
quality. However, we also find evidence that transitions to the most advanced
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EHR systems, may erode the gains from implementation of Level_3 systems,
indicating some caution in the promotion of EHR systems.

Our findings also have significant implications for practice such that hos-
pital leadership should be cautious in building expectations from organiza-
tion-wide EHR implementations, and more important, that technology
implementation alone is likely not sufficient to produce quality improve-
ments. Lastly, if hospitals are already performing well on process quality mea-
sures, the tangible gains from EHRs may not necessarily be in quality
improvement but in sustaining quality (and it may require a special focus on
investing in other organizational innovations to exploit long-term gains).

Limitations

This study has some limitations. First, the meaningful use of EHRs is defined
in terms of the capabilities of the EHR system as a function of clinical ITappli-
cations. However, this definition is a limited proxy for “real” meaningful use,
which requires demonstrating activities via technology use. Moreover, we do
not distinguish the functionality and usability of the different systems.
Certainly, components from different vendors are not equally effective.
Another potential limitation may be from time varying omitted variables that
occurred contemporaneously to EHR adoption such as quality improvement
initiatives or organizational restructuring.

Second, the coverage of hospitals in the HIMSS surveys for early years
of the study period was relatively thin due to lower coverage of rural and criti-
cal access hospitals. In addition, data in the Hospital Compare databases did
not include all process measures for every hospital, and the denominators for
quality scores did not always meet the reliability threshold. We attempted to
deal with these issues in two ways. First, we analyzed an unbalanced panel, to
include hospitals with data for later years but not earlier years. Second, we also
created a balanced panel to analyze only hospitals with data across all years.

Finally, we did not study all the potential benefits of EHR use but focused
specifically onwell-established processmeasures of health care delivery quality.

CONCLUSION

We found that transitions to EHR systems capable of meeting the 2011
standards for meaningful use were associated with higher process quality
related to conditions of acute myocardial infarction, heart failure, and

370 HSR: Health Services Research 48:2, Part I (April 2013)



pneumonia at acute-care hospitals. The effects varied depending on baseline
quality performance, with low-quality hospitals seeing the largest improve-
ments in quality. However, we found troubling declines in quality associated
with transitions to the most advanced EHR systems.
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NOTES

1. The 2006–2010 HIMSS databases of nonfederal hospitals include most acute-care
hospitals in the United States, except that coverage of smaller hospitals (<100 beds)
was relatively low in year 2006.

2. For example, clinical decision support implemented by hospitals should support
basic drug–drug, drug–allergy, and drug-formulary checks.
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