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ABSTRACT
Jason N. Mosé&stimating the Effects of Electronic Health Records (EHRS) Sophistication and
EHRs Years of Experience on Health Qarality, Patient Experience;[38y Readmissions, and
Profitability in U.S Acute Care Hospitals.
(Under the direction @hoouYih Daniel Lee and Bryan J. Weiner)

The objective of this dissertation was to estimate the effects of EHRs sophatibatdih care
guality, patient experience;d2y readmissions, amakpitalprofitability. EHRs dataas sourced
from Healthcare Information and Management Systems Society and Meaningful Use program.
Healthcare quality, financial &dpitalspecificdatacamerom several Centers for Medicare &
Medicaid Services filmsd program®emographidata came frorthe Area Health Resources

Files
The analysismployed ordinary leasjuare$OLS) with propensity weighting and feasible
generalized least squadoesvestigate the association betviitéRs sophisticatioand healthcare
quality, patient expence, and 3@ay readmission&lso,OLS with hospital level fixed effeicts
evaluate the effects of EHRs sophistication on profitaBoityrolling forseveral factoras,

hospital with more sophisticated EHfRs associated with negative performance on clinical
process of camnd patient outcomeas compared to a hospitahwess sophisticated EHRs. The
study found a statistically significant association between EHRs enabled patient engagement
activities with patient experiermg, not betweepatient engagement, care coordinabinities,
and 3eday readmissioNevetheless, there wapa@sitive association between improved patient
experience and a reduction irda@ readmission. Lastly, the study fowstdtasticallgignificant

negativeeffect on hospital operating margin when moving from a less to a moreatgghiSHRS



system. Also, generally speaking, the longer a hospital remains in any given higher EHRs
sophisticated stage, the better a hospitalds
sophistication has a positive effect on profitability thr@wgimue gain and not througteduction

of operating expenses.

Overall, evidence shows there is a substantial operational disruption upon implementing a more
sophisticated EHRB addition there is a positive association between EHRs sophisticdtion an

clinical process of care and not patient outcomes, between EHRs enabled patient engagement, care
coordination activities and-88y readmission through improved patient experience and not

directly, between EHRs sophistication and profitability throeghtiog revenue gain and not

through aeductionof operating expenses.
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CHAPTER 1: INTRODUCTION

In 1991, The Health and Medicine Division (HMD) of the National Acadénegiaine (formerly

the Institute of MedicingOM)) made a case for adopting and implementing sophisticated
electronic health records (EHRs) or-baseds t hey
pati ent r ¢lf Dhestudyand Ll&keregigioocc oncl uded, O0The promi se
computetbased patient records for improving the quality of patient care and advancing medical
knowl edge [1¢ Otbar siudiespsinee thén, have promoted EHRs as a tool to improve
health care quality and operational efficiencpasstble means tangorm the healthcare into a

learning systef3-5.A heal t hcare | earning system is one t
best evidence for the collaborative healthcareeshaf each patient and provider; to drive the

process of discovery as a natural outgrowth of patient care; and to ensure innovation, quality, safety,
and val ue [6mhelOk eepotshoted that EHiRs are critical for reaching the national

goals of a safer, less costly and learning system thaeprealue to stakeholders. The authors

noted thatomprehensivie mp | ement ati on and effective applic
in EHRs is an essenti al prerequisif7/le for the
Adoption and implementation of EHRs in the United States lagged behind ositiée srathd

developed nations, despite years of concerted gfoftsat is until two major legislations offered

various incentives that spurred a rapid adoption and implementation of EHRs. These actions

realigned health care quality aspirations with tangible benefits or penalties if hospitals adopted and



implemented ERs. The first legislation, the Health Information Technology for Economic and

Clinical Health (HITECH) Act, part of teémulus package following the economic recession,

offered hospitals and providers financial incentives to adopt, implement andutigaise@fHRS

[9, 10. The second piece of legislation, The Patient Protection and Affordable Care Act (ACA),
aligned care priorities with reimbursement, fubthesting the implementation of EHRE. As

late as 2008, 9.4% of hospitals had implemented a basic EHR system, by 2015 the number of
hospitals with a basic EHR system had risen to 83.8%f@ldhinereasgl?. A basic EHR

system refers to a system with a set of 10 basic EHR functions such as patient demographics,
problem lists, medican lists, lab and radiology results management, amondl@&H&}s
Thesubstantiadhvestment and aggressive effodee partly informeloly evidence of positive

associations between EHRs and outcorossdarly adopters such as the Veterans Affairs (VA)

Health System, The Intermountain Health Care Corporation, and Kaiser Foundation [Blospitals

For example, a study from Kaiser nEHRcmeateat i on H
operational efficiencies by offering nontraditional, patiennt er ed ways[14f pr ovi ¢
Subsequent reviews have also found that BHRargely associateith positive results on quality,

safety and efficienfd517]. Intermountainfor examplaysed sophisticated EHRs to powaer

robustgual ity I mprovement and create management s
improvementa nd pr o d u di§ dhe ¥Ausad thgirsEHRs te-engineethe preventive,

acute and chronic care, resulting in quality improvement and cosfEa2ihgis generalmore

sophisticated EHRs have the potential to promotevidencédasedrovision otighqualitycare

through decision support and identifying gaps imwtéleusing data to drive quality improvement

and efficienci23.

The growth in adoption and implementation of EHRs is impressive and commendable;

nevertheless, there are calls to fill the gaps in the literature on the effects of EHRs on several



outcomes of intereR?4. For example, there are questions on generalizability of previous studies
given that significanportion of previous studies, ranging fron23&ercenof all published

studies, wereonducted on early adoptgS17). Other gaps were occasioned by researchers not
controlling for organizational and market level contextual {d&orso, thavidespreadf

EHRs has created research opportunities that did not exist before. For example, it is now feasible to
move from studies with a narrow focuspecifidEHR functionalities such as clinieidion

support system (CDSS) to studies that look &ilthmplementation of EHRs and its impact on

care quality and patient outco2ds25. Further, because of the iiiséhe numberof hospitals

with EHRs, it is now possible to study the effects of EHRs sophistcatif@main outcoes

such as profitability, and such results would be generalizable. Sophisticatedlefitiesl are

systems with advanced capabilities and funct.i
systenj3].
This study applies an adapted Healthcare I nfo

Electronic Medical Records Adoption M@E®IRAM)™. The model has been widely used in

research studies especially in acute care setting, even though it is validation is considered proprietary.
While there are other validated EHRs sophistication tools, they hamertheiitations including

the granulanature of the components and functionalities that are not readily available in the
nationwide surveys. For example, an Information Technology Capacities Assessment Tool

developed and validated by Jaammhcolleagues includes specific capacities andltezgptdait are

not available in the data available from hospital surveys such as the annual HIMSS or AHA IT
surveyj2q Other tools such as Clinical Information Technology Assessment Tool was developed by
Amarasinghametblut was | i mited to measuring 0a hospi
physician interacti ons [2§One thingthatall assedsmentrtoals aneb n s

models have in common is the recognition that theoeiisidativgprogression of EHRs



sophistication ranging from basic functionalities such as pharmacy, etidilgyratory

information and management systems to advaminalitiesuch as clinical decision support
system§3, 28-3Q

This study categorizesphisticatiommto five stages ranging from stage 0, which are hospital

missing at least one of the laboratory, ph@rrand radiology systemstemed, where hospital

have implemented sophisticated systems such as CIP&&and closed loop electronic

administration records, among other applications. The theory is thedphestcateBEHRs will

benefit several asranging from helping improve healthcare quality to improving efficiency and
thereby reducing expenses while boosting revemualelition it is important to offer michnge
evaluations of programs tare implementddllowing HITECH Act and ACA, pgrams such

as meaningful use. Such as a study as thisproigtiépolicy makers guidance going forward.

Thus, this study offers to fill the gaps and adds to our knowledge in three areas: First, it examines
the association of EHRSs sophisticationtaaldth care quality in acute care hospitals in the United
States. Second, it determinesa#seciatiobetween meaningful use domains and patient outcomes.
Finally, it estimates the effect of EHRs sophistication on hospital profitability.

In the first clapter, the study employs two composite measures of quality in botiprdresaif

careand patient outcomes to answer three specific question: (1) Do hospitals with more
sophisticated EHRs have better performance on clinical processes of cateds(ialdowith
moresophisticateBHRs also have better patient outcomes? (3) Do hospitals that have more years
of experience witbophisticateBHRs exhibit better performance in thinicalprocess of care and
patient outcomes?

The study adds the faNang contributions. Firgtystead ofooking at separate applications such

CDSS or CPOE, the study focuses on EHRs sophistication which examines the overall effect of an

integrated systems working together to improve quality. Second, the study includes two dimensions



of qualityd clinical pocess of care and patient outcoieis. isimportant because of the
complexity of providing care in a hospital se
effectsd of EHRs sophistication. [DialfcHangee ef f e
intervention omultiple clinical processasan institutiorji2g. This isin contrast to targeted

intervention effects, which refer to the impact of an interveéhébis closer to the patient and is

easy to measure the cause and gfgcThird, by including EHR experience (i.e., the number of

years in implementing a given level of EHRs)tudy examines how the learning of hogpitals

the application of EHRafects the care quality. Fourth, the study controls for internal and external
contextual factors that might be related to both EHR implementaticarequaility. We also
employpropensity score weighting to control for selection of hospital into EHR implementation.
These analytical approaches will improve the generalization and validity of the study findings.

In the second chapteramines: 1) whether performance in meanusgfydatient engagement and

care coordination objectives is associated with improved patient experience; 2) whether performance
of meaningful use patient engagement and care coordination objectives is associatag with 30
hospital readmissions; and 3gthibr patient experience performance is associated-dath 30

hospital readmissions, controlling for MU patient engagement and care coordination.

Examining these relationships is important in the age of concerted efforts to reform the health care
systentowards a focus on patient danhilycentereadtare and the ultimate goal of improving

population healtiAlso, the study can serve as part of the ongoing interim evaluation of the
substantidiederal government investment on tools to improve patiegeemgyat, care

coordinationand health care outcomes. More importantly, answering these questions is critical
because the meaningful use measures were designed to align with the National Qudbty Strategy
prioritiesd specifically, engagement of patiantstheir families as partners in care delivery and

effectivecommunication to improve care coordinatiin32].



Finally, the third chapter is aimed tostijraate the effects of EHRS sophisticatiohaspital

profitability, i.e., operating margin; 2) investigate the possible pathway of EHRs sophistication
impact on operating margin by estimating the effects of EHRs sophistication on the hospital
adjusted operating revenue per inpatient day and aegtithhateffects of EHRs sophistication on

hospital adjusted operating expense per inpatient day; and 3) determine whether hospitals that have
more years of experience with sophisticated EHRs also perform better on operating margin,
adjusted operating reverand expenses per inpatient day.

Thisstudy, thereforeontributego the emerging evidence on the effects of EHRs sophistication
particularlyFor example, the study measures the association between the number of years of EHRs
experience at a givenggand patient and financial measures. This approach has the potential of
adding value to the analytic process of similar studies in the future. Another contribution is the
choice of dependent variables, such adithealproces®f care and patient @mames, patient

experience and hospital readmissions, operating margin, adjusted operating revenue and operating
expenses per inpatient day. The choice of such variables enables us to segregate the direct
association or effect of EHRs sophistication, whight also be easier to achieve, from the
indirectassociation or effect of EHRs sophistication, which might be haadbreteeThe study

utilizes a panel data analysis, on the question of profitability, which has several advantages as
compared to a css section study. These include capturing the dynamics of the healthcare
environment, offer more accurate inference and control for unobservable characteristics and
behavior and thereby controlling for the impact of omitted vafz®l&he study results will

guide hospitals administrators in having realistic expectations on whether implementing
sophisticated EHRs will bear positive results on profitability and how long it takes to see those
resultsAlsq this study may add to the evide to help some hospitals decide whether they should

invest in a more sophisticated EHRs system, which is usually a substantial financial investment.
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CHAPTER 2: ESTIMATING THE ASSOCIATION BETWEERLECTRONIC HEALTH
RECORDSEHRS)SOPHISTICATION, EHR YEARS OF EXPERIENCE AND HEALTH CARE
QUALITY

Introduction
For over two decades, policymakessarcherand some providers have advanced Electronic Health

Records (EHRS) as a tool to improve health care duali®@1, the Health and Medicine Division (then
known as the Institute of Medicine) released a report making a case for adoption and implementation of
sophisticated EHRs. The report argued that sophisticated EHR systems with applications such as
Computeried Provider Order Entry (CPOE) and Clinical Decision Support System (CDSS) have the
potential to support evidenbased care and improve patient outc¢thekhe passage of the HITECH Act

in 2009¢coupled with advances indwasare and software, accelerated the adoption and implementation of
EHRs in acute care settings. The Act provided financial incentives to eligible providers to adopt and
implement EHR§2]. Between May 2011 and September 2016, Centers for Medicare and Medicaid (CMS)
paid more than $34billion to over 509,000 health care providers under the Medicare and Medicaid EHR
Incentive Progranj8]. By 2015, hospitals with basic EHRs had climbed to 84 percent from 9.4 percent in
2008, a 66.1 percentage point incfdasld6]. The ultimate goal of EHR investment is to improve health
care quality through cutting medical errors, increase provision of enadedogare, timely feedback to
providers with clinical alerts, and access to medical records across caremitgetmeslications and

bridge the gaps in cdransitiori7-9].

There are hundreds published studies on the effects of EHRs on a long list of clinical conditions, processes,
and patient outcomes. By 2015, there were overd@@aystreviews on health IT interventions and patient
safetyoutcomefl(. Even so, an identified gap in the literature is the need to lootulitidementation

of EHRs and their impact drealthcargquality and patieoutcomefl ], 17. To understand the effects of

implementation of health IT, we must also appreciate both internal organizational context and external
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environmentatonditiong13 14]. These gaps make it harder for leaders of healthcare organizations to
determine wither implementation of more sophisticated EHRs shewdopteth their organizations.

Other overarching and unresolved issues riekegidy of EHRs in general, and effectephisticated

EHRs particularly, germane in the current environment. First, the Affordable Care Act (ACA) mandated the
development ofhe National Quality Strégg)a pr oduct of a otransparent a
i nput from a r ff. ghe laedQSSepatishewmsdhatdvieile qualitythe majopriority

areas such as patient safety, care coordination, and effective prevention and treatment, has improved, wide
variation exists across @S priorities[16. For example, in 2013, about 60% of the measures of effective
treatment and patient safety improved, but fewer than half of the measures of care coonglioatidn

[19. There is also evidence that each year hundreds of thousands of individuaédiase diarbecause of

medical errorfl7]. This is one of the reasons that@i#ce of the National Coordinator for Health

Information Technology] and the Agency for Healthcare Research and QL@litgve continued to

invest in evaluating how best to realize the full potential of EHRs in improving quality. Second, the influence
of sophsticated EHRs on health care quality remains uncgdaia.studies have shown a positive

correlation betwedeHRs anctlinicaloutcomes, while others found mixesult§8, 19-23. Previously, it

was arguetthat hospitalsvere not incentivizead use sophisticated EHRs to imprqualitybecause

implementing EHRs was costly, while payers and patients reaped the bensfiphisticateEHRSs[24].

National programs such as hospital ¥zdised purchasing and HespitalAcquiredCondition (HAC)

Reduction Program have tléghqualitycare tareimbursement thereby providing the incentive for

hospitals to prioritize healthcgrality.Thus, it is important to +&valuate the association between EHRs
sophistication and healtrequality.

This study looks at tlassociatiobetween sophistieat EHRs and health care quality in acute care hospitals

in the United StateSophisticateBHRs are systems with advanced capabilities and functionalities to help
create a 0s mar bysterfASh Ekaniplessof snch adgandegalailitiemridfunctionalities

include integrated information exchange, which allows patient health informatiareebetween

hospitals, physicians and nurses, clinical decision support systems that supspe@adefarmation
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through clinical guidelinesminderand alerts, and closledp medication administration, which is

automation ofmedicatiormanagment25. This study categorizasphisticatioimto five stages ranging

from stage 0, which are hospital missing at least one of the laboratory, pharmacy and radiology systems to
staget, where bspital have implemented sophisticated systems such asODSSENd closed loop

electronic administration records, among other applicAfiemdhe study evaluates the association of

EHRs years of experience i.e. the number of years a hospital has on a given EHRs sophistication stage, on
the dependent variables. The study uses two composite measures to examine three specific questions: (1) On
awerage, does a hospital with more sophisticated EHRs perform better on clinical processes of care? (2) On

average, does a hospital with rsophisticateBEHRs perform better on patient outcomes? (3) Finally,

examine whether more EHRSs years of expeissssociatedith higher performance in tbinical

process of care and patient outcomes.

The study makes several new contributions. First, a focus on EHR sophistication moves from understanding
the impact of individual EHR applications to examiningféetsedf multiple applications working together

to improve quality. Second, the study includes two dimensions od@lialitgl processes and patient
outcomesThis isimportant because of the complexity of providing care in a hospital settingraeck e

in understanding the o0diffuse effectsd of EHRs so
structural change or interventionnomltiple clinical processasan institutioffl2. This isin contrast to

targeted intervention effects which refer to the impact of an intervention that is closer to the patient and is
easy to measure the cause and gf&cThe two outcome measures the study uses are composite and might
capture the improvement of thpealityof care. Third, by including EHRs years of experience, the study
examines how the learning of hospitals in implementing Eld&s #fe improvement in care quality.

Fourth, the study controls for internal and external contextual factors that might be related to both
sophisticated EHR implementation and healthcare quality. We also employ propensity score weighting to

control for skection of hospital into EHR implementation. These analytical approaches will improve the

generalization and validity of the study findings.
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Conceptual Framework

The pathway between EHRs sophistication and health care quality is a complex welsluipsel@tie

healthcare landscape is going through rapid change and transformation as result of interactions of these
relationships, both internal and external. For example, the decision to implement EHRs that are more
sophisticated might be because ofniateand external considerations. Internally the hospital might see a

need to improve healthcare quality,sapdhisticateBEHRS might look like a tool to help achieve that

change. Externally, legislations such as HITECH Act and ACA might prompt atbaspitadier
implementingophisticateBEHRs. The study used thenterdontexand processhahge paradigfinst

proposed by Pettigrew in his seminal Imperial Chemical Industries (ICl) study, to untangle the
interrelationshi26, 27. Content refers to the particular areas of transformation under examination, in this
case changing technology and health care quality. oditgégdednto outer context (the social, economic,
political, and competitive environments in which an organization ofp28a2&sandinnercontext (the

structure, corporate culture, and political context in which the organizatioperaigb bring changg27,

28. The process of changéers to the actions, reactions, and interaatithstakeholders, rather than

work processes in gendgal 28

Hospitals operate in this complex O0innernercontexté
care. The need for more sophisticated EHRs and its hoped contributigmréeitienof high-quality

healthcares partly basesh the nature of healthcare environment. First, hospitals have to operate in the
external context tha governetdy rules and regulations set by both the national and state government. Such
regulationinclude the mandate to report some quality measures, use EHRs as is the case under meaningful
use among other examplsso, the external environment also dictabspital behavior due to pressures

such as competition, reimbursement because of insurance or lack of it and geographical location i.e. rural
versus urban.

Second, the hospital has alsaritexnalenvironment t@onsidethe use of sophisticated EHRack day,

hospital administrators, who make quality improvement decisions and providers, are faced with the daunting

task of navigating through a mosaiedmhinistrativenaze ranging from quality improvement issues to high
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numbers of diagnosesugsandprocedures. The flow of teeormousamount of tasks might lead to

informational overload, which will likely affect the quality of decision and patient care. Information overload

is definedas a condition in which the amount of input to a system exsqedséssingapacityd0, 31].

Decision makers, inthdaseh o s pi t al admi ni st rfalylimited cognitive pragcessingi der s,
c a p a[B3 38.ydr exampldghe International Disease Classification {10pincludes 14,199 different

diagnoses, and there are more than 6,000 drugs, more than 4,000 medical and surgical procedures to choose
from [34, 35. Besides this complexity, every patient encounter introduces its idiosyncrasies and complexity.
Furthermore, there are complex regulatory and reimbursement requirements. All these combined could
produce informational overload among healthpcavéders ad administrators potentially leading to errors,

delay in decision making or poor decigi@flsHealth care providers, like any other busy human being, have
alimitationon how much information they can observe and retain. A more sophisticated EHR system with
capabilities such as clinical decision support, embedded with dddedgpidelines, can mitigate the

overload and cut the potential for errors. The systemferareminderssuggestionsnd alerts that will

enable the provision bighqualitycare Also, these sophisticated EHR systems potentially can be enablers

of providerto-provider communication, facilitatearand concise orders including prescripirders, all

which in turn are likely to improve care processes, cut errors, and improve patient[8dtcomes

Similar to other changes, implementation of sophisticated EHRs requires many adjustments in hospital
human resources (such as recruitment and training ofvetdkffiow, patientproviderrelationship, and
occupationaioles arong otherchangg88 39. The adjustments take tifdée posit, therefer that as

hospitals have more experience with an EHR system, they are more likely to have positive effects on clinical

care processes and patient outcomes. In sum, we propose the following hypotheses:

(a) On average, a hospital with more sophisticated EHRs extnibit higher performance in dtaical
process of care than hospitals withdephisticateBEHRS, all else being equal.
(b) On average, a hospital with more sophisticated EHRs would exhibit better patient outcomes than a

hospital with lessophisticateEHRs, all else being equal.
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(c) On average, greater experience, i.e., more years, in higher EHRs sophistication stages (stage 3 and 4) is
associatedith greateperformance on clinical process of care and patient outcomes composite

measures.

Methods

Data Sources

The data for this study come from several sotidé&sdata come from Healthcare Information and
Management Systems Society (HIMSS) through The Dorenfest Institute for Health Information hospital
survey database for teendayear 202. The Dorenfest Institute provides historical data, reports, white
papers and other tools regarding adoption, implementation and the use of informational technology in
hospitals and integrated healthcare delivery nefd@rikdshe study also utilizes several data file from the
Centers for Medicare and Medicaid Services (TS include: Hospital VaBased Purchasing (VBP)
program for fiscal year (FY) 204§, for healthcare quality dakinal Rule files(FY 2018, 43 for

hospitallevel data, Provider of Service file (2015) for service mix data, Structural Measures file (2015) for
registry information, and Cost Reports (2012) for financial infornet®market data comesrrdhe

Health Resources and Services Administbaion Ar e a H eRild 20120 editionu r ¢ e

Sample

The study analysis sample is limited to hospitals participating in the VBP program. Of 4,974 community
hospitals in the U[84] in 2015, 3,089 (62%) hospitals particlgat€ MS & pxog&{4]. The VBP

datathough, vary in availability from measure tasore. For example, 2,964 hospitals are reporting results

in clinical process measures and 2,757 in outcome measures and data is available for 3,089 hospitals in total

performance measure.

Study design

The study employed a crgestional analysis desigmering 2012 EHR sophistication measures and 2015
calendar year health care quality mea$Sheesontrol variable cover 2012 and 2046 .The unit of

analysis was a US acute care hospital
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Measures
Dependent VariableBhe study usdhe clinical process of care score and outcome domain score as

dependent variabldde clinical process of care donsaire is a composite of 12 hospital performance

acrosshe following conditions: Acute Myocardial Infarction (AMI), Heart FailurePititdnonia (PN

and Surgical Care Improvement Program ($PThese items measure hooselya hospital adheres to

the best clinical practice guidelines. The outcome domain score contains measureé cemdN?N 30

day mortality, in addition to AHRQOs P é#entisadetyt Saf e
and central linassociated bloodstream infection (CLAB3I%5. This outcome composite measure is

supposed to provide critical information on the how well the hospital performs on patient outcomes and

patient safety.

There are three reasonsdhboosing these two measures. First, it is likely that EHRs sophistication directly
affects the clinical process of care measures while indirectly affecting patient outcome measures. It is
imperative, therefore, to investigate the association of the @tiRsication and the clinical process of

care and patient outcomes measures sep&atelyd, CMS measures rank high based on nine key metrics
on measure assessment which include: transparent methodologybagddndsk adjustment, data

quality, st current data, data consistency, measure alignment and hospifébteMesvis especially

i mportant in the age of ©06a multitude of uncoordin
report i n 47 48nLiastly, thesei meassgres are of interest to two key stakepolidgnsiakers

and providersThe federal government has indicated its intergtamding the incentive programs to

include reimbursing a higher proportion of care wadigebasegayments systerf@s]. These changes

will affect providers in how they deliver care, howatieengimburseaind how they implement and use

EHRs to facilitate care delivery.

Independent variableEHR sophistication is an ordinal variable that ranges from stage O to stage 4;

it reflects the incrementaphisticationf EHRs based on automation of clinical processes using an
adaptation of HIMSS EMR AdoptiMode[505]]. The study defines a hospi

if it is missing one or more of laboratory, radiology, pharmacy; Stage 1 if it has implemented
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laboratory, radiology, pharmacy and clinical data repository; Stage 2 if it has implemented nursing
documentationral electronic medication administration record (eMAR) in addition to attaining
Stage 1A hospital is considered to be in Stage 3 if it implemented CDSS and CPOE and its eMAR
included closed loop medication administration, in addition to having attajaet Bastly, we

define a hospital to be in Stage 4 if iattamedStage 3 and also implemented physician
documentation and electronic transactions to share data while the picture archiving and
communication system (PACS) are integrated. The setepwhident variable is frears in EHR

stage to account for tpessibldearning curve and disruption following implementation of EHRs
systems. The years range from 1 to 8 years for EHRs stages 0 to 2 anstdge&tand 4.

Control variablesThe choice of theontrolvariabless largely based on ttheoryof the effect of

contextual factors. In the past, experts have urged researchers to include contextual faatwapofor two
reasornd3 14, 52. One, for generalizability purpoddss isimportant especially for providers who have to
assess whether EHRs described will have a similar effegt anitjue setting. Second, the organizational
characteristics and the environment candragéfecon both the successful implementation of EHRs and

the clinical process of care and patient outcomes. For example, it is possible to implement the same EHR
functionality in different settings and yet achieve differntis3 54. Experts also acknowledge that rich
contextual data are difficult to collect padicularlyabsent in state or natiotelel data sets such as ones

used in this stud{1]. For examplevariables that measure teamwork, leadership, and management tools are
hard to find.

Nevertheless, the study controls for several organizational and environmental characteristics associated with
both EHR adoption and hospital health care quality. Siathlegncludeteaching status, safetynet

indicator, system status indicator, Saidin Index and structural measxas\ple, whether or not a

hospital participates in a Cardiac Surgery Regikisystudy defines teaching status as &ithajor

teaching hospital, teaching hospital orteaching hospital based on indirect medical education (IME)

payment adjustment factor. The IME payments arepaytreentshat PPS hospitals with approved
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residency program receive for Medicare dischargesctahefl@gher patient care costs of teaching
hospitalgelative tanonteachingpospitalgs55. The adjustment famtis basedn a hospital's ratio of

residents to bed&.majorteaching hospiteé definedis the top 25 percent hospitals of the adjustment
factor.The teaching hospi@mprises the remaining 75 percent of hospitals receivéljutenenand
nonteaching are those with zero adjustment factor, i.dotheyhave a CMS recognized residency

progr am. Safety net hospitals are identified usin
percent, whicls determinettom cost report da and Social Security Administration data. Pxgidnt

Percents derivedis (Medicare SSI Days / Total Medicare Days) + (Medicaif¥jédiicare Days / Total

Patient Dayqdp6. The safetyet hospitails definedas top 25 percent of the DSH patient percent hospitals.

DSH percentage widely accepted a proxy for hospitals that care for a large proporfpmogbatients

and frequently used by healthises/and policy researchers.

Structural measures such as the presence of a nursing care registry and strokereflectibgistry

environment in which hospital delivers.Cetesemeasures an al s o éwprid viewiofilcknicah r e a |
practice, paint outcomes, safety, and clinical, comparative, aredfcdste c t [b7vAdsq these v@riables

can serve as surrogate indicators of patient safietg and leadership decisions to invest in tools that will
enable continuous quality improvement. Another measure that reflects the leadership element and financial
stability is the change of ownership. It is theoretically possible that a hospitadwiltdzif it is attractive

to a buyer financially or it brings an increase in patient referrals. It is also plausible that a hospital is likely to
change hands if it is facing a threat of closure or facing an internal and external pressure. Tloystudy emp
two variable to control for the shocks thathelexpectedhen a hospital changes ownership, the number

of times a hospital has changed ownership and whether or not the hospital changed ownership in the last
twelve years.

The study also contsolor the use of rare high technology by incligiidjnindex, which also can reflect

the complexity of the internal environmamtsolate the effects of EHR sophisticatiaidin Index is a

weighted sum of the numberte€hnologieand services available in a hospit@ weights are the

percentage of hospitals in the country that do not possess the technology [@8s&8idderefore, a rare
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hightechnologervice will be weighted higttegtna commonechnology. The weights are computed as
follows: Weightd  pz — B zEwhere N is the number of hospitals in the United < jtedke the
value of 1 if the hospital i has technology k. Then the weight is used to compute3 BAET AA @

B A Fz £ . Saidin Index is included for two reasons., Ricsintrols for quality effects, negative or

positive, that may be attributed to the presence of high technology. Second, it controls for the possible
patient seléelection. It ipossible that patients will pass a hospital with few high technology services that is
closer to their location, opting for a distant hospital with a repuatatiomprehensivere high technology
services. The study also controls for financial strgngtbldding operating margin. In addition, to

operating margin, the study controls for wage index, a measure that reflects the cost of labor in the hospital
market relative to the national average.

The study also controls for CMS case mix index, a measure of resources required reflecting the complexity or
severity of the patients the hospital often treats. Other internal verthlodiehospital ownership, system

status, hospital size, magnet statauma level designation and adjusted occupancy rate. The idea is that
hospital ownership incentivizes administrators differently. For eXarqoiefjt hospitals will be under

pressure to meet Wall Street expectation such that they might ingesgnimteat will improve quality and

hence increase revenue. At the same time, the same hospital might cut back on necessary care to save costs.
Hospital size and system status are intended to control for economies of scale, availability of expertise both
on EHRs and clinical practice areas, which can potentially affect both the likelihood of implementing
sophisticated EHRs and at the same time affect the quality Afscal@spital magnet status and trauma

level designation can be signals of the stautdators that can potentially affect patiensskdttion to the

facility and indicates resource availability to implement EldiRRever magnet status and trauma level
requireparticulaexpertise and requirementesourceas aconditionto mainain the designation. Adjusted
occupancy rais basedn what isalled reservatiajuality which is an adjustment to account for the

probability that a patient will be turned away from the hospital when [6@. fLifiis is basedn a long
acknowledged feature of acute care hospital sector and its uiligte @tdemandncertaintyp0-64. The

idea ighat occupancy rate needs to account for a safety margin to allow for community protection in case of
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an emergency. In other words, a higher occupancy rate can sigriabgasgispecially in an emergency.
The reservatiogualityis definedasy M—Z WhereB is the number of staffed hospital beds in active use
andt is the average daily census lisehe number of standard deviations above the mean census

represented by the number of beds. Adjusted occupancy rate, therefore, is! / 7

[60, 61].

m
Market control variables include demographic and market hospital concentratemog@tephigariables

will include population density, unemployment rate, the uninsured rate for 64 and betbindieamiualls,

location (rural versus urban) and geographic region. These eaeabisdedue to their potential effect

on the | ocal patient popul ation and the hospitald
uninsured rate can signal a hospital that might be seeing sicker patinteottaveusuahccess to care.

At the saméme,these two factors will impact the hospital bottom line which in turn will affect resources
allocation including implementing and maintaining sophisticated BER&idy uses Herfindahl

Hirschman Index (HHI) to control for hospital concentration angpetition, which can affect health care

quality.The index is computed as follows:

(() B TR— Lastly, the study controls for whether a hospital is in a state that expanded

Medicaid under the ACA. This may signal to statewidg @ubdices that potentially have an effect on the

healthcare environment under which a hospital operates.

Empirical Specification
The analysis will employ the following empirical model for both clinical process of care and patient outcome

models:
ur 1@ r@ r@ 1@ 1@ 12 rad O
Equation 2.1
Where y is the dependent variaibieical processf care score or outcome domain score.
@ Will be a vector of organizational level control variables such as region, bed size, adjusted occupancy rate,
hogital ownership (Private for profit, public,-fustprofit). Other hospital level control variables were

teaching status, safety net, whether urban or rural, system status and whether a sole community hospital. In
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addition was a vector of market control variables which will include: unemployment rate, HHI and

whether a hospital is in a Medicaid expansion state. Other characteristics will include geographic region and
percent 1&4 year old individuals without health imgwg&® was a vector of patient mix variable such as

case mix index. MeanwhZhmeasures the EHRs sophistication l&Z*alvas how many years since the

hospital attained that sophistication level which intended to capture the effect of EHR eZhesiasce.

vector of structural factors such as presence of nursing care registry, stroke care registry and general surgery
registry@ was the EHRs year dummies which enters the models as factor in€i@tbesstatistical

noise.

Note the models we built starting with the basiodel,i.e.,sophistication stages regressed against the

dependent variables. Then sequentially adding control variables such as years in each stage, then internal
control variable and finally external control variablesy Ehodelvas testetbr evidence of

heteroscedasticity using BretiRBagan and Codleisberg test for heteroscedasticity, test for higher ordered
terms using Ramsey regresspmtification errdest (RESET) and for multicollinearity using variance

inflation factors (VIF). When heteroscedasticity was detected, tgambddizekbast squares (FGL8as

usednstead of ordinary least squares (OLS). FGLS is appropriate in this case for several reasons. First, tests
indicated thexistencef heterosceddécity in some models, and therefore, OLS was not appropriate.

Possibly, heteroscedasticity was present because several variables are aggregated across the entire hospital,
and some essentially measure experience, i.e. those with years of expergnoaditans tracked are

more likely to perform better. Other variables are also likely to be a function of the hogg&itébsize

Secondly, we do not know the structure of heteroscedasticity. In FGLS models, the study followed steps as
suggested by Wooldrid6g).

There is also a concern that the level of EHR sophistication could vary across hospital types, regions, hospital
sizes among other factdfsom previous studies, it has been reportedhtisgital size, location, ownership,

and teaching status were more likely to influence adoption g6 BHR addition to controlling for these

factors, the study employed propensity weighting to control for the probabilitygpiitare sophisticated

EHRs. The study used Generalized Ordered Logistic model to estimate the likelihood of hospitals falling in
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one of the five levels of EHR sophistication. The predicted probabititthen useaks an inverse
probability weight in ghregression.
The unconstrained generalized ordered logit model takes the following form:

AgD 87 .

09 E C87 VTR

plti8 8 2

Equation 2.2

where M is the number of categories of the ordinal dependent vEm@bbriables used in this model

included teaching status, hospital size, magnet designation indicator, case mix index, wage index, adjusted
occupancy rate, Medicare Advantage penetration rate, unemployment rate, population density, the uninsured
rate (<& years old), Medicaid expansion indicator, change of ownership, urban location indicator, region and
trauma level indicators.

Generalized ordered logistic regressigppropriate and advantageous in this case given its strengths over

the traditional atered logistic regression, which often fails its proportional odds or the parallel regression
assumption. Some of these strengths include the m
than ordered logistic regression and researchefsuralecarestimatenodels (i.e. partial proportional

odds)that are more parsimonious than-pnatiinal alternatives, sucha@ged logisticegressideg].

Results

Summary Statistics

EHRs sophistication stage 4 accounted for 439 hospitals, or 8.88 % of our sample (see Table 2.1 summary
statistics). 1,195 hospitals (24.18%) had attained stage 3, 1988 (40.23%) stage 2, 839 (16.98%) stage 1 and 4¢€
(9.73 %) were in stage 0. In the 2@ERdar yeatheaveragelinical process of care score was 55.41, with

2808 hospitals participatinghe clinical process of cdmmain. The average score under patient outcome

domain was 45.04 points with 2685 hospitals participatirgdomain.

EHRSs sophistication and clinical process of care performance

The study tested the hypothesis that hospitals with more sophisticated EHRs would exhibit higher

performance in theinicalprocess of care than hospitals withdephisticateBEHRS, by running several
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regressions, as presentefiaible 2. The EHRs sophistication alomas not associatedth a statistically
significant change in thénicalprocess of care score (Basic model in Table 2.2). Model 2 shows that EHRs
sophisticabn (Stage 2 andi8)associateslith a negativperformance on clinical process of care. When

EHRs years of experience, internal and external Eetaantrolletor, (Models 3 and 4), a hospital with

more sophisticated EHRs such as Stages4dssamskociated with negative performance on clinical process

of care as compared to a hospital withstgdsisticateBHRSs, i.e.,Stagd. For example, in model 4, a

hospital in stagei8 associateslith 11.92 (p<0.01) percentage point less iexipectedlinical process of

care score, as compared to a hospital in Stage 0, holding EHRs years of experience, internal and external
context constant. Similarly, a hospital with EHRs sophistication iStageot¢iataslith a 14.44(p<0.01)
percentage point lessaxpected clinical process of care score as compared to a hospital in Stage 0. Overall, it
appears that EHRs sophistication alemet associatedth an increase in performance on clinical process

of careas hypothesized. Instead, when others factocsntrolledor, a hospital with more sophisticated

EHRs experiences a drastic drop in clinical process of carélismeggestsf a significandisruption of

the care delivery when a hospital adopts and implements a higher sophisticated EHRs.

EHRssophistication years of experience and clinical process of care performance

The study also hypothesized that greater experience, i.e., more years; in higher EHRs sophistication stages
(stage 3 and #Wouldbe associatedith greateperformance on cliratprocess of care. It appears the more

years a hospital spends on higher EHRs sophistication stages, the better it performs on clinical process of
care scord-or example, model 4 shows that by the end of the first year, a hospital at Stage &ds associat

with 4.65(p<0.01) percentage point more in the expected clinical process of care score as compared to a
hospital in other stages. The performance advance for the same hospital is expected to increase to 10.03
(p<0.01) percentage point by the end ofittieyear, holding other factors constaimilarly, by the

second year, a hospital in EHRs stage 4 is associated with a 10.19 (p<0.01) percentage increase in expected
clinical process of care score as compared to a hospital in other stages. liswevease does not seem

to persist through the third and fourth year at this Stage.
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The results suggest that for a hospital in Stages 1, the number of years on the stage does not seem to improve
performance, while a hospital in Stage 2 overcomesrthtioin and the possible learning curve by the sixth

year. It also appears that even tholgte issignificance disruption when a hospital implements EHRs

Stages 3 and 4, on average a hospital overcomissubigondairly quickly. Overall, the resuhdicate

that the total number of years of EHRs experience does not have an influengmoesthécare score,

while EHRSs years of experience on a higher EHRs Stage dsearssticiatedth improved performance

on clinical process oére

EHRssophistication and patient outcomes performance

When it came to patient outcomes, the study hypothesized that a hospital with more sophisticated EHRs
would exhibit better patient outcomes than a hospital wifopggsticateBEHRSs, all else being equdie

results, presentémTable 2.3, indicate that EHRs sophistication aloslepwsin Model 1, is associated

with negativeoerformance on patient outcomes scldrenegative performance persists across models,

except for EHRs stage 4. For examplatralling for EHRs years of experience, internal and external

factors, a hospital in Stage 3 is associated with 10.91 (p<0.01) percentage point less in patient outcome score
as compared to a hospital in Stage 0. Similarly, a hospital irssiagectad witha 10.07p<0.01)

percentage point less in expected patient outcomes score as compared to a hospital in Stage 0, all else being
equal. There is rgignificant statisticdifference in patient outconsoredbetween a hospital in Stage 4 as

compaed to ehospital in Stage 0.

EHRs sophistication years of experience and patient outcomes performance

Lastly, the study hypothesized that the greater experience, i.e., more years, in higher EHRs sophistication
stages (Stage 3 anavdluldbe associatetith more significarpierformance improvements on faient

outcomes composite measure. Overall, the total years of EHRs experience and the numireany years

given EHRs sophistication stages does not seem to have an influence on patient Blugconigs.

exceptiorappearso be for a hospital in EHRs sophistication Stage 3 and 1. For example, in model 4, by the

end of the fourth year, a hospital in Stage 3 is associated with 3.46(p<0.1) percentage points more in expected

patient outcomes scorecasnpared to a hospital in other stages, others factors remaining constant. This
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increases to 3.99 (0.1) percentage point by the end of the fifth year. By the gedraftibspital in Stage
1 is associated with 4.41(0.05) percentage points moexiagpatient outcomes than a hospital in other

stages.

Internal and external factors association with performance on process of care and patient outcomes

While the focus of this study vilaghe estimation of EHRs sophistication and EHRs experience, there are
some additional results worth noting. For example, presence of infection surveillance systems, the number of
times a hospital has changed ownership, the teaching status, hospisal sizeintlex, hospital ownership,

and hospital trauma level designation, among others factors were all associated significantly with hospital
process of care performance. While the direction of the association Weasaxséctedsomewere

surprisingwhile others in others the magnitude was bigger than anticipated. For example, the results indicate
that a hospital changing ownership one additionaktassociateslith a 1.46 (p<0.01) percentage point

increase in expected clinical process of caeg($able 2.2 Model #). addition a major teaching hospital

was associatedth 7.91 (p<0.05) percentage points decrease in clinical process of care score, while a
teaching hospital wassociatedith a 2.81(p<0.05) percentage point decrease. Siselshal factors were

found tobe substantially associated with patient outcmmes These include hospital size, hospital
ownershipand thepresencef stroke care registry, wage index, county unemployment rate and whether a
hospital is a rural hotgdi The results from controlling for these factors suggest that it takes more to see

improvement on process care and patient outcomes measures.

Discussion

Following a spike in adoption and implementation of sophisticated EHRSs, there is interé@sinig #eam
association on these systems to the cimards®f care and patient outcomakso, in systematic

reviewers called for additional research in this area to fill identified gaps including controlling for some
contextual factors. This studyused on evaluating the effect of EHRs sophistication on clinical process of
care, patient outcomes and whether EHRs years of experience at a higher sophistication stage improved

performancén these two areas.
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EHRSs sophistication, EHRs years of expegiand clinical process of care performance

The study did not find evidence to support the hypothesis that on average, a hospital with more sophisticated
EHRs would exhibit higher performance incdirécalprocess of care than hospitals withdephisicated

EHRSs, all else being equal. Across models, a hospitaghdtisophisticatiomvas associatadth a

decrease in performance as compared to a hospital in the lowest EHRs sophistication stage. However, we
foundstrongevidence to support the hypesis that a hospital witlat greater experience, i.e., more years

in higher EHRs sophistication stages (stage 3 anodldpe associatesith greateperformance on clinical
process of car@he takeaway message from these results is that it BHf=asephistication indeied

associated with improved performamtelinical process of care only after overcoming the disruption effect
upon implementation of more sophisticated EHIRis.isin line with a previous study that found

performance gains@vtime on process adherence as a result of higher levels of EHRs [@8ptoan

study found improvement in process adherence in 2010/2011 period as more than the gé082009
indicatingime-relateceffects on higher levels of EHRgptibr{23. There is also @axpectatiomand

evidence that there will be temporary workflow disruptions when a hospital moves to a more sophisticated
EHR469, 74. For hospitahdministratorghis means thoroughly preparing for such expected disruptions

and possibly testing contingency plans not only for expectedafisriptialso for the unexpected ones.

This is more so givenreport from the Department of Health and Human Services Inspector General that
found 59% of hospitals in 2015 experienced an EHRs outage and a quarter of thechostiisat care

was delyedas a resuj?1]].

EHRSs sophistication, EHRs years of experience and patient outcomes performance

The study also sought to examine whether a hospital with more sophisticated EHRs would exhibit better
patient outcomes than a hospital withdephisticateBHRs. The study did not find evidence to support

this hypothesis. Instead, across the four models, from the basic model to the full model, EHRs sophistication
was associated with a decrease in expected performance on patient outcormespdssility that the

decreasdn expected patient outcomes are due to workflow disruptiopogittrdearning curve.

However gvidence indicates agwwshat more EHRSs years of experience did not mitigate the poor
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performanceThis isoppositeof a previous study that found emidencef adverse patient outcomes

following EHRs conversion, and another that reported a few Almmghsorkflowdisruptiong70 77.

There are possible explanationghese results. First, it is possible that hospital with sophisticatei$ EHRs

better at documenting and reporting adverse events, while also they correctly attributepaadirepatn t s 0
outcomes. For example, researchers have noted tBat R8ich is a measure included in the outcome

composite scoreflawed73 74. Theyindicatehat a hospital might be penalized unfairly due to a high
postoperative venous thromboembolism (VTE) event rate due to increased vigilancenradétectidue

to poor quality ofar¢73 74. It is plausible, therefore, that sophisticated EirdRassociatedth negative

paient outcome performance due to the flaws in the underlying outcomes measurissrefevteato as

surveillance bips.

It is also likely that patient outcomes such-daythortality are complex and hard to affecasiadresult,

require more resource allocation over time and a transformation of how each hospital delivers care. There are
hundreds of processes that mapadypatient outcome, therefore, for more sophisticated EHRs to affect

each patient outcome, such as mortality or patient safety measures, requires a convergence of hundreds or
even thousands of individual proceflse4 2. This isa painstaking order that might indeed require first

improving clinical processes before affecting patient outcomes. For perspective, Donchin and colleagues
reported thain intensive care urilinical process per patient averaged 178 p@sdahis facis

tangentially supportég the results that show several other internal and externabfactssociatedth

patient outcomes.

For hospital administrations, this has several implications. First, it is important to prepare for possible
disruptions; this includes for both workflow and unplanned disruptions such as EHRs outages. Mitigation
plans might include unintended consequenceasichoi ncr eased medical errors,
inthepowerst ruct ur e, and oV e r[7/deSpcenddtappears that for sbpkistidated | o gy 6
EHRs to be of benefit to effect improved outcomes, hospitals must also look at other faaters that

associatedith patient outcomesghis isimportant especially in the age of veased purchasing and
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accountable care organizations. Therefore, sophisticated EHRs can be a tool tocaesistritmight

not be a solution to every ill in care dejiv

For policy makers, this might mean toergéew the measures that are used to penalize and reward hospitals
including under meaningful use waldiebasegurchasing programghis als@dds to the evidence that

some hospitals such as large hosghitetiserve sicker patients are likely to perform poorly in the outcome
measurd€q. It is, thereforamportant to consider measures used that do not adequately adjust for the kind

of patient served.

Limitations

The major limitation of thitudy stems from the lackdzfta on factors that might also influencetiadity

of care, such as sophistication EHRs specific tra
overall organization culture of chapigkin addition to unobservable patisotialeconomic factors.

Although propensity weighting might haniigated some of these unobservable factors, it is possible that it

does not entirely accodat all patient level and hospital factors. Second, we used patient clinical outcomes

to evaluate health care quality; however, patient outcomes are kkaffetdda by other factors other than

guality care, such sacialeconomidactor$77]. This isreferred to as low signal to noise ratio, which leads to

a high risk of false negatresult§77, 7§.Fur t her mor e, even though this st
composite measure and possibly a good barometer of diffuse effects of sophisticated EHRs, it is still possible
that the observedegativesffects are as a result of the unobserved mediating factors. Lastly, it is important

to acknowledge that sophistication categorization also may be flawed. Thesselgmtedtiowas

originally built largely through an expert peoredensus opinion. ltpessible; sormfenctionalities belong

in a different stage than currently categorized.

Conclusion

This study set out to examine one overarching area; whether sophisticated EHRs contribute to improved
healthcare quality. To ansee studyquestion the study looked at whethawspital withmore
sophisticateBEHRsperformsbetter on clinical processes of care and patient outtomedition thestudy

soughto examindf there is an association between the EHRs years oémspand the clinical process of
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care and patient outcomes. The evidedasateshat both in clinical processaare and patient outcomes,
more sophisticated EHRsassociatedlith a decrease in performance, possibly due to workflow and
learning cum disruptions. The study also found evidence that the longer experience a hospital has on a
higher sophisticated EHRs stage; the better it performed on clinical process of care score. However, the
results did not support the same hypothesis for patieotreg. The results haeveral implicatioifier

hospital administrators, polioykersand researcheihis includeghoroughly preparing for the expected

care delivery disruption and testing contingency plans for the unexpected disruptions sumltageEHR
Thereis aneedto reevaluating measures that are used to reward and penalize providers including under
meaningful use anvdluebasegurchasing. Lastly, for researchers, it is important to control for EHRs years
of experience when evaluatingRsHsophistication and its association to healthcare quality. There are also
areas that the study did not look at due to the lack of relevant data. For example, it is impoetatiteo
implementation process of the effects orethBssophistication of health care quaditgo, other factors

such as culture, leadershiplvementand general interrfabspitalspecifiaccharacteristics might shed more

light on how EHRs sophistication might influencetbeisionof high-qualityhealh services.
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Chapter 2 Tables

Table 2.1: Summary statistics

Outcome measures Obs Mean Stddev | Min | Max
Normalized process of care domain score 2808 55.41 20.06 0| 100
Normalized outcome domain score 2685 45.04 18.47 0 100
Analytic measures Obs | Percent
EHRs sophistication stage 0 481 9.73
EHRs sophistication stage 1 839 16.98
EHRSs sophistication stage 2 1,988 40.23
EHRs sophistication stage 3 1,195 24.18
EHRs sophistication stage 4 439 8.88
Categorical controlvariables

EHRs Applications (if installed and live) Obs | Percent
Electronic Medication Administration Record

(eMAR) 3,858 78
Clinical Decision Support Systems (CDSS) 4,429 89.62
Computerized Physician Order Entry (CPOE) 3,212 65
Infection Surveillance Systems 1,671 34
Outcomes & Quality Management Systems 3,587 73
Teaching status

Major teaching hospital 258 8.2
Teaching hospital 765 24.32
Non-teaching hospital 2,121 67.48
Hospital size Obs | Percent
Small hospitals-d9 beds) 1,076 34.21
Medium Hospitals (16899 beds) 1,696 53.93
Large hospitals (400 + beds) 372 11.83
System status Obs | Percent
Yes 2,362 74.7
No 798 25.25
Magnet status Obs | Percent
Yes 465 9.41
No 4,477 90.59
Ownership Obs | Percent
Public 1,077 22.2
Private, Foprofit 948 19.54
Private, Nofor-profit 2,826 58.26
Changed ownership between 206016 years Obs | Percent
Yes 324 6.56
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No 4,555 93.44
Location Obs | Percent
Urban 2,337 73.93
Rural 824 26.07
Structural factors Obs | Percent
Nursing care registry 1,636 33.1
Stroke care registry 1,678 33.95
General surgery registry 712 14.41
Trauma level designation Obs | Percent
Trauma level 1 303 6.13
Trauma level 2 360 7.28
Trauma level 3 459 9.29
Geographic region Obs | Percent
Northeast 496 15.78
South 1,337 42.53
Midwest 717 22.81
West 594 18.89
Observ

Continuous control variables ations | Mean Std dev | Min | Max

, 4942 1.36 2.00 0 8
Years irEHRs stage 1

_ 4942 2.06 2.18 0 8
Years in EHRs stage 2

_ 4942 2.43 2.31 0 4
Years in EHRs stage 3

_ 4942 0.55 1.03 0 4
Years in EHRs stage 4
Number of times hospital has changed owner, 4942 0.91 1.37 0 10
Saidin Index 3161 13.34 7.16 0| 34.23
HHI 4678 0.58 0.36 0 1
Adjusted Occupancy Rate 3137 0.50 0.19 0| 0.99
CMS Case Mix Index 3424 1.52 0.36| 0.65| 3.98
Operating Margin 4631 0.02 0.16| -1.9| 1.42
Unemployment rate 3160 6.38 1.85 0] 236
Under 65 years old uninsured rate 3161 16.89 5.6 0| 38.2

Table2 Summary statistics
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Table 2.2: Association between EHRs Sophistication and Performance on Clinical Process of Care

(1)FGLS (2)FGLS (3)FGLS (4)FGLS
Basic Model | + Years of + Applications| + External
EHRs & internal | context factors
experience context factorg
EHR Stage 1 -5.19 -4.00 -6.69* -7.34*
(3.61) (3.78) (3.60) (3.87)
EHR Stage 2 -2.63 -8.19** -3.64 -4.08
(3.60) (3.86) (4.30) (4.31)
EHR Stage 3 -2.19 -10.19** -10.88** -11,92%**
(3.49) (3.97) (4.65) (4.60)
EHR Stage 4 -0.46 -8.61 -14.22** -14.44***
(3.59) (6.19) (5.85) (5.50)
EHR Stage 1 Year 1 2.78** 3.14%** 2.51**
(1.31) (1.21) (1.09)
EHR Stage 1 Year 2 1.88 1.82 1.69
(1.48) (1.35) (1.21)
EHR Stage 1 Year 3 2.41 1.69 1.80
(1.57) (1.53) (1.49)
EHR Stage 1 Year 4 0.71 1.25 1.00
(1.96) (1.81) (1.69)
EHR Stage 1 Year 5 2.53 1.43 1.05
(2.17) (2.03) (1.96)
EHR Stage 1 Year 6 2.80 3.56 2.64
(2.41) (2.28) (2.23)
EHR Stage 1 Year 7 0.47 2.67 2.09
(3.07) (2.83) (2.70)
EHR Stage 1 Year 8 -2.60 -1.06 -1.29
(3.44) (3.25) (2.93)
EHR Stage 2 Year 1 -0.79 -1.63 -1.27
(1.22) (1.15) (1.08)
EHR Stage 2 Year 2 -0.71 -1.14 -0.38
(1.40) (1.32) (1.20)
EHR Stage 2 Year 3 2.24 0.83 0.84
(1.48) (1.44) (1.39)
EHR Stage 2 Year 4 4.00** 3.13* 2.92
(1.92) (1.89) (1.79)
EHR Stage 2 Year 5 2.99 0.04 -1.27
(2.25) (2.27) (2.12)
EHR Stage 2 Year 6 9.39%** 6.89** 6.02**
(3.03) (2.71) (2.64)
EHR Stage 2 Year 7 11.83*** 8.09** 6.83**
(3.26) (3.23) (3.17)
EHR Stage 2 Year 8 12.23*** 8.31** 6.27
(4.18) (4.05) (4.35)
EHR Stage 3 Year 1 3.94** 4.62%** 4.65%**
(1.68) (1.63) (1.57)
EHR Stage 3 Year 2 5.05%** 4.22** 4.63***
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(1.77) (1.67) (1.73)
EHR Stage 3 Year 3 8.66*** 9.64*** 9.33***
(2.19) (2.05) (1.99)
EHR Stage 3 Year 4 8.96*** 6.74%+* 7.72%+*
(2.22) (2.18) (2.10)
EHR Stage 3 Year 5 11.72%** 10.73*** 10.03***
(2.41) (2.36) (2.27)
EHR Stage 4 Year 1 1.06 4.11 3.49
(4.56) (3.63) (3.20)
EHR Stage Xear 2 9.07 10.81*** 10.19***
(5.67) (4.00) (3.47)
EHR Stage 4 Year 3 3.17 5.98 4.02
(5.26) (4.08) (3.61)
EHR Stage 4 Year 4 1.28 5.27 2.95
(5.95) (4.62) (4.91)
Total EHRs Years -0.22 -0.08 -0.49
(0.41) (0.41) (0.43)
eMAR -5.85** -4.84*
(2.89) (2.55)
CDSS 4.57* 4.94*
(2.39) (2.78)
CPOE 6.16%** 5.64**
(2.35) (2.20)
Infection Surveillance Systems 1.53* 1.82**
(0.83) (0.75)
Outcomes & Quality Manageme 1.06 0.87
Systems
(1.15) (1.10)
Change obwnership (200Z5) -3.42** -3.77%**
(1.45) (1.26)
Change of ownershgount 0.61** 0.42*
(0.27) (0.24)
Saidin Index -0.18*** -0.14**
(0.06) (0.06)
Majorteaching -2.45 -3.72*%*
(1.80) (1.62)
Teaching -1.22 -1.65*
(0.94) (0.87)
Safety net -2.09** -0.70
(1.00) (0.96)
Medium Hospital (16899 beds) -0.71 -2.10*
(1.14) (1.13)
Large hospital (400+ beds) -1.43 -3.46**
(1.75) (1.69)
Standalone hospital -1.00 -0.77
(0.84) (0.79)
Adjusted occupancgte -0.03 -0.04
(0.03) (0.03)
Case Mix Index 2.91* 4.09**
(1.69) (1.70)
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For-profit hospital 6.04*** 5.36***
(1.13) (1.11)
Government hospital -2.82** -3.19%**
(1.13) (1.10)
Operating margin 0.21*** 0.19***
(0.03) (0.03)
Magnet Designated Hospital 0.08 -0.01
(1.04) (0.94)
Trauma Level 1 hospital 0.23 -0.26
(1.53) (1.40)
Trauma Level 2 hospital -2.24** -2.14**
(1.11) (0.99)
Trauma Level 3 hospital -0.06 0.37
(1.16) (1.17)
Nursing care registry 2.40%** 2.03**
(0.91) (0.87)
Stroke care registry 4,17 4.00%**
(0.92) (0.85)
General Surgery Registry -1.27 -0.61
(0.92) (0.84)
Medicaid Expansion State -1.58*
(0.91)
HerfindahiHirschman Index -1.45
(1.40)
Wagdndex for FY 1.18
(2.97)
Unemployment Rate, (16 yrs +) -0.13
(0.24)
% < 65 without Health Insurance -0.01
(0.10)
Rural hospital -2.72%*
(1.15)
South 0.17
(1.46)
Midwest 0.10
(1.11)
West -4, 33***
(1.40)
Constant 57.80*** 59.53*** 49.49%** 51.32%**
(3.45) (4.22) (5.20) (6.91)
Observations 2767 2767 2767 2767
R2 0.0045 0.0346 0.1202 0.1271
AlC 24384.11 24273.65 23862.35 23771.01

Table@-2: Association betwEl&®s Sophistication and Clinical Process of Care

Standard errors in parentheses
*p<0.1, *p< 0.05, **p< 0.01
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Table 2.3: Association between EHRs Sophistication and Performance on Patient Outcomes

1) 2 3 4
Basic Model | + Years of | + Applications| + External
EHRs & internal context
experience | context factors factors
added
EHR Stage 1 -10.12*** -12.95%** -9.42%x* -10.42***
(3.80) (4.44) (3.39) (2.93)
EHR Stage 2 -9.61** -10.60** -10.78*** -10.07***
(3.85) (4.67) (4.06) (3.67)
EHR Stage 3 -9.72%+* -12.90*** -9.09** -10.91***
(3.68) (4.59) (4.56) (4.14)
EHR Stage 4 -8.39** -13.64 -9.16 -8.81
(3.86) (8.98) (9.82) (10.25)
EHR Stage 1 Year 1 -1.86 -0.83 -1.81
(1.91) (1.19) (1.15)
EHR Stage 1 Year 2 1.34 -0.41 0.35
(3.41) (1.29) (1.35)
EHR Stage 1 Year 3 1.27 1.23 1.37
(2.51) (1.46) (1.44)
EHR Stage 1 Year 4 1.03 -0.83 -0.05
(3.01) (1.68) (1.64)
EHR Stage 1 Year 5 3.72 1.29 1.85
(3.65) (2.02) (1.98)
EHR Stage 1 Year 6 7.67** 3.83* 4.41**
(3.80) (2.20) (2.14)
EHR Stage 1 Year 7 -2.53 -1.87 -2.53
(3.99) (2.92) (2.48)
EHR Stage 1 Year 8 5.90 2.77 3.70
(4.26) (3.01) (2.91)
EHR Stage 2 Year 1 -0.72 -1.05 -0.92
(2.04) (1.17) (1.16)
EHR Stage 2 Year 2 1.47 2.33* 1.38
(1.99) (1.21) (1.20)
EHR Stage 2 Year 3 -1.43 0.43 0.45
(2.40) (1.46) (1.42)
EHR Stage 2 Year 4 2.40 2.04 2.36
(2.80) (1.74) (1.66)
EHR Stage 2 Year 5 -1.27 -1.13 -1.27
(3.17) (1.90) (1.88)
EHR Stage 2 Year 6 3.34 1.43 2.33
(4.33) (3.26) (3.29)
EHR Stage Xear 7 3.20 1.90 1.87
(4.18) (3.09) (3.02)
EHR Stage 2 Year 8 0.68 -0.17 0.63
(5.18) (3.78) (3.58)
EHR Stage 3 Year 1 1.87 0.79 1.67
(2.35) (1.72) (1.64)
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EHR Stage 3 Year 2 1.84 0.51 1.83
(2.10) (1.79) (1.73)
EHR Stage 3 Year 3 1.74 -1.05 0.30
(2.30) (1.94) (1.87)
EHR Stage 3 Year 4 5.57* 2.26 3.46*
(2.99) (2.17) (2.08)
EHR Stage 3 Year 5 5.63* 1.61 3.99*
(3.04) (2.42) (2.35)
EHR Stage 4 Year 1 1.62 0.98 -0.92
(7.71) (8.76) (9.43)
EHR Stage 4 Year 2 5.70 4.80 2.46
(7.97) (8.87) (9.59)
EHR Stage 4 Year 3 6.64 5.40 3.82
(8.24) (9.18) (9.83)
EHR Stage 4 Year 4 8.02 6.18 2.73
(9.11) (9.82) (10.17)
Total EHRs Years -1.08 -0.73* -0.53
(0.79) (0.41) (0.44)
eMAR 3.45 2.53
(2.81) (2.63)
CDSS 1.43 2.06
(2.64) (2.74)
CPOE -2.34 -0.89
(2.48) (2.33)
Infection Surveillance Systems 0.33 0.05
(0.78) (0.77)
Outcomes & Quality Management -0.50 -0.01
Systems
(1.00) (1.01)
Change of ownership (<9 years) -2.53** -2.25*
(1.18) (1.29)
Change of ownershgount 0.13 0.08
(0.24) (0.24)
Saidin Index -0.22%** -0.22%**
(0.06) (0.06)
Majorteaching 4.09** 3.36**
(1.63) (1.70)
Teaching 0.03 -0.73
(0.94) (0.93)
Safety net 0.51 -0.14
(0.92) (0.96)
Medium Hospital (16899 beds) 2.56** 1.92*
(1.07) (1.12)
Large hospital (400+ beds) 4.05** 3.73**
(1.66) (1.74)
Standalone hospital -0.70 -0.78
(0.81) (0.80)
Adjusted occupancy rate 0.01 -0.00
(0.03) (0.03)
Case Mix Index -2.03 -2.70
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(1.87) (1.99)
For-profit hospital 0.65 0.51
(2.07) (1.09)

Government hospital -2.26** -2.33**
(1.01) (1.00)

Operating margin -0.08*** -0.06***
(0.02) (0.02)

Magnet Designated Hospital 2.41** 2.36**
(1.05) (1.05)

Trauma Level 1 hospital -6.68*** -6.08***
(1.55) (1.54)
Trauma Level 2 hospital -1.34 -1.23
(1.09) (1.04)
Trauma Level 3 hospital 0.60 0.09
(1.12) (1.15)
Nursing care registry 0.52 -0.04
(0.89) (0.89)

Stroke care registry -1.47* -2.13**
(0.88) (0.87)
General Surgery Registry 1.00 0.25
(0.93) (0.90)
Medicaid Expansion State 1.82*
(1.00)
HerfindahiHirschman Index -0.05
(1.37)

Wage Index 8.29%**
(3.04)

Unemployment Rate, (16 yrs +) -0.65***
(0.19)
% < 65 without Health Insurance 0.17*
(0.09)
Rural hospital -1.54
(1.09)
South 0.59
(1.47)
Midwest 1.48
(1.26)
West -2.19
(1.47)

Constant 54.45%** 61.48*** 60.29*** 53.80***
(3.65) (6.16) (5.01) (6.52)
Observations 2645 2645 2645 2645

R2 0.0301 0.0543 0.0448 0.0612

AIC 22843.58 22828.59 22770.27 22695.53

Tabl@-3: Association between EldRistBation d&wtient Outcomes

Standard errors in parentheses
*p<0.1, *p<0.05, **p<0.01
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CHAPTER 3: THE ASSOCIATION BETWEEN MEANINGFUL USE PERFORMANCE AND
PATIENT EXPERIENCE, HOSPITAL 3®MAY READMISSIONS

Introduction

In 2009, Congress enacted The Health Information Technology for Economic aaidH€#tfitt

(HITECH) Act, as part of the American Recovery and Reinvestment Act of 2009, following the 2008

economic recessi¢fj. In 2011, based on provisions of the Act, the Centers for Medicare and Medicaid
Services developed Electroni c Healadgekligi®Reecor ds ( EHR
professionals and eligible hospitals to adopt, implement, upgrade (AlU), and demonstrate meaningful use of
certifi ed HMRhePregcams) also efgryed to as meaningful use (MU), were divided into
three stages. Stage 1 required providers ho captu
electronic access to their health records. Stage 2 expanded the requirements to use EHRs for continuous
guality improvement at the point of care and the exchange of information among [Slo¥ithedty

modified stage 2 (for tippogram yea20152 0 1 7) and st a g edvéhcedswof teliedf ocus on
EHR technology to support health information exchange and interoperability, advanced quality measurement,
and maximizing clinicdgd effectiveness and efficie
The MU programs are considered cornerstones in reaching national and CMS strategic goals outlined in the
2016 strategy upd4g#e Among thestargetss to strengthen patient engagement in their care and promote
effective communication and coordinationasf{4]. Meaningful use of EHR functionalities to improve

patient engagement can enhance healtgualitgs, 6]. For example, patient portals fosyer consumer
empowerment and seffanagement of their c§rg In summary, EHRs have the potential to empower

patients, foster patient engagement, and ergefaage and preventive behaviors. MU also has the

potential tamprovecare coordinationy marshalingersonnel and other resourcesdeel to facilitate the

exchange of information among care provjgers
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MU, therefore, is intended to enable provideshdodnformation and bridge the gaps that have existed in

the delivery systein. addition it is also possible that empowered patients who have information on how to

care for themselves are also lesly li& be readmitted within 30 days after discharge.

Both patient engagement and care coordination have&mglentifieds strategies to improve care and

reduce overutilization of highbst health care services, especially for chronigadiyidual$s, 9-11]. In this

study, we focus on patient experience argh@mospital readmissions, which are outcomes that are part of
CMS 6 HvaupBaged®Uurchasing program (VBP) and Hospital Readmission Reduction Program
(HRRP)12-14). Patient experiehcall deht eredcbbBoBshesbamed
culture, that influence pat i ¢lB tiscrii@lrtqgatepidcentasedl s, acr o
care. Readmissions within 30 days may signal quality problems in the dischargiAgHmspligadtient

experience and readmissions are important measures independently, researchers have also concluded that
there is also a connection between patient experiemeadmdssiof$4, 1619.

The purpose of the study, therefore, is to determine whether:

a) performance in meaningful use patient engagement and caratimooatijectives are associated with

improved patient experience,

b) performance on meaningful use patient engagement and care combljectiivemreassociated with

30-day hospitalkeadmissions, and

) patient experience performanessociatedith 30day hospitalkadmissions, controlling for MU patient
engagement and care coordination.

Examining these relationships is important in the age of concerted efforts to reform the health care system
towards a focus on patient dachily:centerectareand the ultimate goal of improving population héalth.

addition the study can serve as part of the ongoing interim evaluationezijfiederal government

investment on tools to improve patient engagementocadenationand health care outcombkore

importantly, answering these questions is critical because the meaningful use measures were designed to align
with the National Quality Stratégpyprioritiesd specifically, engagement of patients and their families as

partners in care delivendaffectivecommunication to improve care coordinaf@n21].
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Conceptual framework

There are two theorized pathways from meaningful use to hospital readmissions. First, patient engagement
through EHRs ulization under M@ e.g., patientportals mpr oves patientsd® under st
conditions, empowers patients, and enhances diseammagémenil(, which contributes to reducing

hospital redmissions. For example, using EHRs nurses can communicate relevant information to patients

and their families on a range of care issues such as patient medication, medication side effects, the kind of
treatment they received and what to do when theyrget Al these activities are likely to improve patient
experience arid the endenable patients and their families to cut unnecessary tripsnme@tgencyoom

or an admission.

The second pathway is more difdtl. performance might affect readmissidinectly through care

coordination activitie$his is basedn the idea that MU activities such as preparing patients for the

transitionby using EHRs to reconcile their medication, allowing access to patient health information and
exchanging such infoation with providers would influence readmissions. The general intent of these care
coordination strategiesstoe ase o0del i very of the right health car
and i n t h ¢8. This gomis bosneby previoug studies that show that patidated information

can facilitate to effective coordination and medical damiglond22-29. In addition thechoice of the

dependent variablisspremisedn the theory and past research that patigygigement and care

coordination wilbe associategith better care experiences, and better health outcomes through improved
condition selfmanagement skills, preventative health behavior and improvegpatidats and provider

provider communicatide, 30-32.

Nevertheless, there is no psiedid evidence, to the bestrgfknowledge, to suggest one way or the other if

there is an association between MU performance on patient care coordinatidayareh@tissioriBhe

meaningful use premisedn the believe that EHRs will facilitatevaeji ofpatientcentereghighquality

care. The theory is that as more patients have access to their records, receive customized education resources
and be informed and empowered to take charge of their health, more of those patients will hage better car

experience and be likely to follpestdischargeare directions. For example, patients who view, download

46



and transmit their health records are rilkelyto be more interactive with their provider because of their
positive care experientais, in urn, may reduce readmission to an acute care hddgitadlectronically

sending health records to a referral provider or from a referral will close the information gap between
transitions thereby improving the care the patient receives, avoid ugriesesaad exams and ultimately

reduce readmissiofiius,l hypothesize:

a. On average, an increase in a hospitalds perfor
coordination measures Wil associatetith an increase in performance on patient experience,
everything else being equal.

b. On average, an increase in a hospitalds perfor
coordination will be associated with lowed&0readmission rates, holding evieytonstant.

c. Onaverage,anincreashospi tal s performance on patient e
MU patient engagement and care coordination, will be associated with andé¢o=ase

readmission rates.

Methods:

Data Sources and sample

The data for this study comes from several sources, including the CMS, most of them from the CMS. The
MU datacomedrom the 2015 Medicare EHR Incentive Program Eligible Hospitals Public Use File (PUF)
[33. A total of 3,563 eligibtt®spitalattested to meeting the modified stage 2 criteria, which encourages
providergo use EHR for continuous quality improvement at the point of care and the exchange of
information in the most structured format pos$#ld he 3eday readmission data were from the HRRP via
Hospital Compare datab§34. The HRRP, whitwas establishethder section 3025 of ACA, requires

CMS to reduce payments to Inpatient Prospective Payment Systems (IPPS) hospitals with excess
readmissiond 3. The data used here comprise the following conditions: pneumonia (PN), heart failure (HF),
chronic obstructive pulmonary disease (COPD), hip and knee, strioepgiaflvidereadmission rates.

The numbers of gliblehospitalseporting their performance vary across the conditions; from 2611 hospital
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reporting stroke readmission rates to 4402 hospital repogjitelwidereadmission rates. The collection

of the data across the measures started on 202 and ended June ZM15except for the collection of
hospitalwidereadmission ratéisat begaon July 12014 and ended on June 30, 2015. Data on patient
experiencevas also sourcéwm the Hospital/alueBasedPurchasing program (VBP) via Hospital

Compare Database. VBP was created under Affordable Care Act as an incentive program to link payments to
the value of care patientsg@t The study used data from 3,544 hospitals that reported patient experience
measures that were collected during the 2015 fiscal year (O@@bétolSeptember 30, 2015).

EHRs data fo#,942 hospitatmame from HIMSS through The Dorenfest Institute for Health Information

hospital survey database fordhlendayear 2012. The Dorenfest Institute provides free historical data, for
eligible institutions, researchers and students, and othfartadégption, implementation and the use of IT

in hospitals and integrated healthcare delivery nef8rkiospitallevel data, such as hospital ownership,

size, location, occupancy rate and otheiltabsparacteristics are sourced from several CMS file including

Final Rule files(FY 208K 37, Provider of Service file (2015), Structural Measu(@91i#g, and Cost

Reports (2012), all publicly available @ta on the local hospital market such as unemployment rate, the
rate of the uninsured camkleg?20d4 thl1 HR&EADEI Aneante&MS

Reports (2012).

Study desiy

This study employed a cross section analysis design in evaluating the association between meaningful use
patient engagement and care coordination core objectives performance and patient experimce and 30
hospital readmissiorie study acute cdrespitals participating in the meaningful use, VBP and HRRP
programs. These programs exempt psychiatric, rehabilaatidermcare, children's, cancer, and critical

access hospitals, and in the case of HRRP, all hospitals in M2\&8 39.

Measures
Dependent VariableBhe study included two dependent variables. First, patient experience of care comes

from The Consumer Assessment of Healthcare Providers and Systems (CAHPS) survey under VBP. Patient

experiencegacludeeight measures; however, we selected six that are closely related to EHRs: nurse
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communication, pain management, medicine communication, eisdbamtation, overall rating, and

recommend thbospital We include these variables as indicators of patient experience that are likely to be
affected by the meaningful use EHR functiémsexample, we theorize that based on the use of electronic
mediation administration record (eMAR), computerized provider order entry (CPOE), clinical decision
support systems (CDSS) among other EHRs functionalities, providers will be equipped and able to provide
patient specific clear and understandable informattbriomedications, manage their pain and offer useful
patient discharge informatidde left out two patient experience domain variables, cleanliness and quietness
of thehospitakenvironment and responsiveness of hospital staff that we believed nhiglatssotiated

with EHRs use.

The second dependent variables atdag®ospital readmissions on heart failure (HF), stroke, hip and knee,
chronic obstructive pulmonary disease (COPD), and pneumonia (PN), respectively. The conditions were
included basechdhe recommendation that they were the most common readoossiibion§l3 40.

Also included is tHeospitaiwidereadmission rate. These are hospital speetfay3skstandardized

readmission rates (RSRR) amdcomputeth several steps basediois formula: RSRR = (Predicted 30

day readmission/Expected readmission) * U.S. national readmis§idh Fatst, the predicted @lay

readmission for a particular hospital is computed using a hierarchical regydskitmerthis is divided by

the expected readmission for that hospital, wh&ilarly obtainddom the regression modél]. This

ratio is then multiplied by the national unadjusted readmission rate for the condition for all hospitals to get
hospitaispecific RSR®P.r edi ct ed readmi ssion 0is the number of
assessed conditions) that wdndcnticipatenh the particular hospital during the study period, given the

patient case mix and the hospital's unique quality of care effextaonl mi[4d] Expected réadmission

0is the number of readmissions (following inpatie
patients with the same characteristics had instead been treated at an "average" hospital, given the "average"
hospitalsgqal ity of care effect on re#é4dmi ssion for pati

Independent variable$o answer the first two study questions; a) Whether performance in meaningful use

patient engagement and care coordination core olgeasgeciatasith improved patient experience and
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b). Whether performance on meaningful use patient engagement and care coordination case objective
associatedith reduced 3@ay hospital readmissions, the study will employ patient electronipatass,

speciic education resources, medication reconciliation and health information exchangd>asieables.

electronic access variabldividednto two: a. The percentage of patients (or patighorized

representative) who view, download, or transmithicdgpiarty their health information (henceforth labeled

as Patient eAccess: Patient who VDT) and b. The percentage of patients who have access to view, download,
and transmit their health information within 36 hours after the information is availabdigiota hospital

or CAH (henceforth labeled as Patient eAccess: Patient wibilityi® VDT). Secondyatientspecific

education resource variable that measures the percentage of patiesits prlovidegatientspecific

education resources idéat by Certified EHR Technology (CEHRT). There are two variables under the

MU care coordination domain; medication reconciliation and health information exchange (HIE). The
medication reconciliation variable measures the percentage of patients, Hresegdived by the hospital

from another setting of care or provider of care and medication reconisilfaiformedLast, HIE

measures the MU aim that the eligible hospital ow
provider of carer refers their patient to another provider of care provides a summary care record for each
transition d3j. care or referrald

To answer the third question of the stifdigether patient experience performanassociatedith

reduced 3@ay hospital readmission rate, the study will use VBP variables comprising: performance score on
patient experience on nurse communication, pain management, medication communication, discharge
information, and average patient experiemspagitevariable.

Control variablesWe selected control variables based on the theory that they wiltteridundthe

outcome measures. Also, experts have recommended the controlling of contextual variables that have been
found to affect outcome variables such as readmissions and the analytic variables such g2B4Rs use

This $udy controlled for several hospital level organization and market characteristics such as teaching status,
safetynetindicator, Saidin Index, structural measure (presence of a nursing care registry); Herfindahl

Hirschman Index(HHI), wage index amongrdiaors. The study defines teaching status asaaitiagor
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teaching hospital, teaching hospital orteaohing hospital based on indirect medical education (IME)
payment adjustment factor. IME payments are extra payments hospitals with appraeggregiaen
receive for Medicare discharges, based on the
care costs of teaching hospielative tanonteachingospital§4y. A majorteaching hospite definedas

the top 25 percent hospitals of the adjustment fatterteaching hospi@dmprises the remaining 75

percent of hospitals receiving élagustmenand norteaching are those a CMS approved residency program.

Safety net hospitals are i denisdefermi@edtonucsstrapgrt CMS 6
data and Soci8kcurity Administration data. In ttisdy,a safety net hospitaldefinedas a hospital

belonging to the top 25 percent of the DSH patient percent hospitals. DSH péasceidatyeaccepted a
proxy for hospitals that care for a large proportipo@fpatients and frequently used by health services
and policy researchers.

The study also controls for nursing care registry structural measurexflattitie environment in which
hospital delivers care and is likely to affect patient experemgresand readmission rates. This measure
can al s o eéwpridviewioftcknicahpractieea patient outcomes, safety, and clinical, comparative,

and coskffectiveness, and can serveimber oévidence development atetisioamakingp ur pos e s 6

[46. Nursing care registry and change of ownership variable can reflect the hospital culture and leadership

focus ompatientcentereatare and financial bility. For examplehange of ownershisually reflects

turmoil and often acarcityof resources. Therefore, a hospital that has resestiyacquireahight take the
timeto stabilize and thus focus resourcgsriomaryassets such as plant and ngbatient experience or
EHRs. The study uses two variable to control for the shocks thatexiiectedthen a hospital changes
ownership, the number of times a hospital has changed ownership and whether the hospital changed
ownership in the last nine yedrhe other variables that this controls for that can affect stability and
all ocati on dirhitediesasirpeare thd ofesating marginrand wage index. The operating
margin might reflect the flexibility of a hospital in using the EHRs andesiburces to boost patient

experience and implementation of interventions that will reduce readmission rates. In the same way, a
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hospital with a high wage index migghfinancially squeeZgghigh labor cost, which will affect the
occupational mix thavill have a direct effect on patient experiandeeadmissions

The study further uses several measures to control for the severity of iliness, the complexity of hospital
services and the local markEekss is basedn the reasoning thatafparicularhospital such as a major

teaching hospital, seems to attract sicker patients than usual, and then it is likely that these patients might
perceive health care quality differently as opposed to healthier p@ptstients from a hospital within a
county with high unemployment rate, uninsured rate or from a rural area their experience and therefore, the
likelihoodof readmission might be different frpatientsn acountywith thelow unemployment rate, low
uninsuredrate,and a metro area. Thus, this study controls for CMS case mix index, Saidin Index,
unemployment rate, the rate of the uninsured and whether a lsosa#taih a rural area and whether a

hospital is in a state that expanded Medicaid as o$3aRli2 Index, a weighted sum of the number of
technologies and services available in a hospital, is designed to control foteemadiady The weights

are the percentage of hospitals in the country that do not possess the technology4at 4gtvice

Therefore, a rare higdchnologyervice will be weighted higher tamommoriechnology. The weights are
computed as follows: Weigld  pz — B zEwhere N is the number of hospitals in the United States,
Z ptake the value of 1 if the hospital i has technology k. Then the weight is used to compute the index.

3AERNEAM AR A Fz# .Saidin Index in this case serves two purposes: First, it controls for quality
effects, negative or positive, that mighattributed to the presence of high technology, which might also be
attributed to EHRs use. Second, it controls for the possible patiselesgibn. It is possible that patients

will pass a hospital with few high technology services that is dlosieddoation, choosing a distant

hospital with a reputation of comprehensive rare high technology services. CMS case mix index is a measure
of resources required reflecting the complexity or severity of the patients the hospital often treats.

Other internal variables include hospital ownership, system status, hospital size, magnet status, trauma level
designation and adjusted occupancy rate. The reasoning here is that hospital ownership incentivizes
administrators and other stakeholders sutie beardof directors or shareholders differently. For example,

for-profit hospitals might be under pressure from shareholders to improve and distribute dividends to the
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detriment of the lonterm investments oon-shorttermrevenue boosting investrerit is also possible

that forprofit hospitals will scale back on staff who manages patient experience to save costs, which will have
an effect on thpatientexperience. Hospital size and system status are intended to control for economies of
scale, wieh can affect resources, both human and financial availability. Alternatively, large hospitals might

not offer personalized care that small hospitals might. The study also comMegadstatus designation

and trauma level 1 status. Magnet statggmdasn emphasizes the role of nurses in care delivery and usually
has stringent criteria, which might confound both EHRs use under MU and outcomes such

readmission49.

Thestudy furthecontrols for adjusted occupancy rate, wikibasedn what icalled reservatiaquality

which is an adjustment to account for the probability that a patient will be turned away from the hospital

when it is ful[50. This isbecause of the unique attribute of acute care hospital of dercartdintyp0-

54, which can haven&ffect patient experience and patient discharge decision, which might determine a
patientds readmission. A higher adjustcasafamccupanc

emergency. For example, a patient with an emergency mégicesstappropriate service in a hogpdal

timely manneif occupancy rate is at 100%. The reservation dgidifinedasy M—Z WhereBis the

number of staffed hospital beds in active ust &nithe average daily census 1 Tisehe number of

standard deviations above the mean census represented by the number of beds. Adjusted occupancy rate,

therefore, is defined! / 7

[50, 51].

w
Market control variabtmpriseslemographic and hospital market variablesiérhegraphivariables

will include population density, unemployment rate, the uninsured rat®4fgeasindividuals, location

(rural versus urban) and geographic region. These var@abiekidetlecase of their potential effect on

the | ocal patient popul ation and the hospitalds r
rate can signal a hospital t hausualatcegshocard Atthesame ng s
time,these two factors will impact the hospital bottom line which in turn will affect resources allocation

including implementing and maintaining sophisticated. EBllRentrol for hospital concentration, which
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can affect health care quality due to competitietikelihood of having more sophisticated EHRs and
patient selection to a particular hosphal study useserfindahiHirschmarindex (HHI). The index is

computed as follows:

(()B 3

Empirical Specification
Theanalysis employed three different sets of models to answer the study questions. To Heteemine w

performance in meaningful use patient engagement and care coordination coreanbjastivemtedth
improved patient experience the study emptbgddllowing ordinary least squares model.

Ui 18 18 18 18 18 18 O

Equation 2.1

Where vy is patiettie experience dependeatiables includingoatientrating of their experience with

medicine communication, discharge information, pamge@ent, nurse communication, overall hospital

rating and patient experience composite me@sisea vector of analytic variables which in¢tatient

eAccess: Patients who VDT, Patient eAccess: Patients with ability to VDFBpeaifemeducatio

resources identified by CERT, medication reconciliation and health information excha®gegHIE).

vector of EHRSs stage control variables, these are stages 1 to stage 4, with stage 0 as the ref8rent category.
are EHRs stage years for each stageldition8 is a vector of individual EHRs applications including

eMAR, CDSS, infection surveillance systems, outcomes quality management systems and MU utilization
attestation on CPOE for laboratory orders, CPOE for radiology orders and CPOE fadiomedits.

The vectoB contains hospital characteristics including operating margin, wage index, CMS case mix index,
Saidin Index, HerfindaRlirschman Index (HHI), adjusted occupancy rate, magnet status designation,
trauma level 1, nursing care regittaching status, safety net, hospital size, system status, ownership,
ownership change in the last nine years and ownership change count. Bhecoattons the market or

environment factors such as whether the hospital is in a Medicaid exjga@estba sounty level
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unemployment rate, the rate of the uninsured for those 64 years old and below, rural setting and regional
setting. The models were tested for omission of higher orders of explanatory variables using regression
specificatiorerror test (RESET) and for multicollinearity using variance inflation factors (VIF). In addition,
every model was tested for evidence of heteroscedasticity usingFagaseind Coekeisberg test for
heteroscedasticity, in all the models, under this studgrghettroscedasticity was detected and feasible
generalized least squares was used over ordinary least squares.
To determine whether performance on meaningful use patient engagement and care coordination core
objectivesvere associatedth reduced 3fay hospital readmissions, the study used the following
specification:
Ur r8 r8 18 r8 18 r8 O
Equation 2.2
WhereU30-day readmission is rate variable for heart failure, stroke, hip and knee, COPD, pneumonia and
hospital wide readmission rate. The analytic and control variables are the same as in equation 1.1 above.
Lastly, to determine whether patient experienftgrmpancds associateslith a reduction in 3@ay hospital

readmission rate.

u 4 18 18 18 ;18 ;18 18 18 O

Equation 2.3
WhereU 30-day readmission rate variable for heart failure, stroke, hip and knee, COPD, pneumonia and
hospital wide reatssion rate. The vec#®r contains the patient experience analytic variables including
nurse communication, doctor communication, pain management, medicine communication, discharge
information, in lieu of overall hospital rating the study uses whethienacan recommend the hospital
measure and finally patient experience of care tra@siti®@a. vector of MU patient engagement and care
coordination domain utilization rates which indRateent eAccess: Patients who VDT, Patient eAccess:

Patientsvith ability to VDT, patiergpecific education resources identified by CERT, medication
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reconciliation and health information exchange (HIE). The v@ctOrB contains the same couit

variable as in equation(tectorss OB )

Results

Summangtatistics

3544 hospitals reportpdtient experience performance scores; patient experience rating on medicine
communication, discharge information, pain management, nurse communication, overall hospital rating and
recommend hospital (see Table 3.1). The average score for each ehtheswad from 78.68(SD =4.27)

for medicine communication to 91.22(SD=2.55) for nurse communication. There was a widia tlagiation
number of hospitals reporting their readmission rates across conditions. For example, 26&fdrtexpital

their strole readmission rates, 40@8pitalseported their 3day pneumonia readmission rate, while 4402
hospitals reported thdiospitailwidereadmission rates. Similarly, there wasationin the reported

average readmission rates across conditions fammidg61% readmission rate for hip and knee to 21.96%
readmission rate for heart failure. When it comes to performance on meaningful use patient engagement and
care coordination core objectives, hospitals performance varied across measures. Th@avearage pe

ranged from the low of 14.34 percent (SD 13.78) patient VDT their health records to the high of 90.71

percent (SD 11.16) on medication reconciliation (See Table .1)

Performance on eaningful use patient engagement and care coordination olbjedtpattent experience

They study hypothesized that on average, an incre
and care coordination measuresheilissociatedith an increase in performance on patient experience,

everything else beiagual. The results, preserntetiable 3.2, show that across several MU patient

engagement and care coordination measures; generally, there is evidence to support thednypothesis.
example, ane percentage point increase in the number of patienteetranecally viewed, downloaded

and transmitted their records was associated with a 0.02 (P <0.01) percentage point increase in expected
performance on patient experience on medicine communication, discharge information, and a patient who

would recommenthe hospital to family and friendikis meanthat if all patients were abdeview,
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download and transmit their health records electroniically would be af&rcentage point increase in
performance on patient experience with medication commumidestbharge information and recommend

the hospital. There was also a statistically significant association between perforpaiierevama
electronically viewed, downloaded and transmitted their health records and performance on patient
experience opain management, nucgenmunicatiorand overall hospital rating. Health information
exchange, part of the MU care coordination domain, did not seem to have any significance effect across all
patient experience measures

It is also worth notingeveratontrol variables wenetablefor their statistically significant association with
patient experience. Wage index, case mix index, Magnet designation, presence of nursing care registry,
teaching hospitals, hospital size among several others werallstatgatificant. For exampl@nepoint

increase in wage indeas associatedth a 1.63 (p<0.01) percentage point decrease in expected
performance orecommending theospitako friends and family measure, holding everything else equal.
Similarlyaone point increase in thasemix indexwas associat&dth a 4.44 (p<0.01) percentage point
increase in expected performance on the number of patients who would recommend the hospital to family
and friendsThis showshat an increase the number of gaents who requirewerresourceare associated

with positive hospital experience as comparepatieatwvho needsnoreintensiveesources.

Association betweeneaningful use patient engagement and care coordination performandaand 30

readmissia

Table 3.3 presents results from analysis to test
MU patient engagement and care coordination will be associated withdiaywee&0@mission rates, holding
everything constant. In genetta, $tudy did not find evidence to support the hypothesis. Across conditions,
there was netatisticallgignificant association betw&#d patient engagement and care coordination

measures and with-88y readmissions. In the femseghere was a statesdlly significargssociatiorsuch

as between health information exchange and COPD readmigsib@ndspecifieeducation resources and

heart failure readmission, the results suggest the association was practically insignificant, 0.00 percentage

points. However, some control measures that were not the focus of the study werdé&assbtmated
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with readmissions. For example, case mix\aeregatively associatéti readmission rates across all
conditions included in the evaluation. The resugigedhat the less clinicatgmplexandfewerresources

intense patientsere associated with low readmissitas across heart failure, stroke, hip and knee, COPD,
pneumonia and across the entire hospital. Other factors such as adjusted occupancy rate, major teaching
hospitals, large hospitals (400 + béaisprofit hospitals and unemployment rate on average

consistently associatgith higher readmission rates.

Association between patient experience performancedan 88spital readmissions, controlling for MU

patient engagement and care coordination

Lastly, the study also tested the hypothesisritaaterage, anincreasb o s pi t al 6s per f or manc
experience measures, controlling for MU patient engagement and care coordination, will be associated with a
decreasmm 30-day readmission rates. The resfilisis analysiare presentad Talde 3.4An increase in

performance on the discharge informaiatient experience measure, which measures whether a patient

given information about what to do during their recovery at home, was associated with a statistically
significant lower readmissimm heart failure, stroke, pneumonia and hospitalreidexample, a one

percentage point increase in performance on discharge information exyesianseciatedth

0.04(p<0.01) percentage point decrease in expected heart failure readmisstingaithdr factors

constant. That means that if a hospital increased its performance on discharge information experience to
100%, itwvouldexpect dour-percentagpointdecrease in expected heart failure readmission rate. That is a
substantialeductiorfor a hospital with an average readmission rate ofl2dl&i6g other factors constant,

care transitions, which is a measure of whether patients understood their care on discharge, was also
associated with lower readmission rates and this was Byagiginificant across all conditions evaluated,

ranging from 0.03(p<0.05) percentage point decrease in hip and knee readmission to a 0.07 (p<0.05)
percentage points in heart failure readmiski&eshe previous analysis, other factors such as h&igpital

teaching status, profit status, and unemployment rate were found to be statistical significantly associated with
30-day readmission rates. Overall, the results suggest that MU patient engagement and care coordination

influences readmission througtigrd experience.
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Discussion

Meaningful use patient engagement and care coordination measures are part of the national movement
towardgpatienicenterectare that is believed to serve the patient better, has the potential of improving
outcomes and emieially reduce overall healthcare cost. This study was designed to evaluate the association of

these measures and their pathway to patient outcomes.

Performance on eaningful use patient engagement and care coordination objectives and patient experience
The questionwhetharn i ncrease in a hospitalds performance ¢
coordination measures are associated with an increase in performance exppetants essentias it

goes to the core of meaningful use. Overall,ithevedence that patient engagement and care coordination
measures are associated with an in@nesssae aspects of patient experience. It appeapsitieatsvho
vieweddownloaded and transmitted their health records reported toliediezexperiace and were likely

to recommend the hospital to their family and friends. This is good news for hospitals that are currently being
faced withvaluebasedtare program that require them to improve their patient experience or face a penalty.
While the avege performance on these measures is low, such VDTpribisisingsign. For hospitals, the

positive results indicate an opportunity area where they can encourage more patient to access their health
records if the portals are already functidha. midnt provea lowhanging fruit given the potential effect on

the patientexperiencen addition previous research has suggested that patient gantiaigarlycan

optimize patient value and increase paiegagemejay. Another study reviewed the effects of patient

portals and found that, among others, they were associated with increased patient satisfaction and customer

retentionf5q.

Association betweeneaningful use patient engagement and care coordination performanciaand 30

readmissions

We did not find enough evidence to support the hy
MU patient engagement and care coordinatiomevabsociatetith lower 3@lay readmission rates. The

results are in line wigievious systematieview resulthat found a weak link between patient access to

their health records and medaigtcomefq. This islargely in line with previous studies thatesidigat
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hospital readmissioase associatedth factors such ascialeconomic factors other than hospital

quality57-61]. Therefore, hospitals there are incentives to seek ways to improvefacttine$els aso

important for policymakers to look at these other factors before they penalize hospitals under the MU and
VBP programsThis iseven critical for hospitals that servdateincomeor vulnerable population, such as

safety net and academic hospitatshthae been found to be more likely to fes®ltiefs7, 67.

Association between patient experience performancedand I8ispital readmissions, controlling for MU
patient engagement and care coordination

The study found some evidence to support the hypothesis that animbreasep i t al d s per f or ma
patient experience measures, controlling for MU patient engagement and care coordination, will be associated
with a decrease 30-day readmission ratébe results suggested that patient engagement and care

coordination aspects of meaningful use influenced hospital readmissions through patient experience. The
resultssupportprevious research findings that improved patient experienceredutctianin unplanned

hospital readmissions. For exangaeeral studies have found a positive correlation between patient

experience and patient outcomes in general and hospital readp@s#ioalllL6-19. In addition other

studies have shown an association between patient experience and patient adherence to medical
recommendatiof3 64. Furthermorea review of published evidence on effective interventions to reduce
avoidable readmissions by Boutwell A. and colleagues found that successful interventions fell into four broad
categories including enhanced care and support during transitions and papeoteducation and self
management supp¢iy]. Thesecategorieare likelyd be affected by higher performance MU patient

engagement and care coordinafibis implieghat for hospitals policymakers, the way to reduce unplanned
readmissions may come down to among others, improving patient engagement and care coordination. But

dso making sure hospitale not penalizédr measures that are out of their control.

Limitations
The association of these facteith the patient experience and hospital readmissions also point to one of the
weaknesses of this studihile the primargutcome measures are-aslusted, and care was taken to

control for both hospital and community level factors such as case mix index, Saidin Index, adjusted
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occupancy rates, hospital size, teaching status, unemployment, location among ottemdbibititys

that patient experience and readmissions are still influenced by unobservable social economic and generally
patient characteristics fact@tiso, policy interventions such as MU and utilization of EHRs achieve what
referredo as diffuseffectsDiffuse effectseferto the impact of a service, structural change or intervention

on several clinical processes within an instifé&pin other words, it is harder liok these interventions

directly to specific outcomes.ofmerlimitation of the study is due to the categorization of the major

teaching hospitals and safety net hospitals. While we believe, the classification in this paper is appropriate
others mightpef er a di fferent method. Lastly, this study

IPPS, as such might not be generalizable to exempted hospitals, such as children and cancer hospitals.

Conclusion

Thi s primarydbjedtiges were to data@ne a) Whether performance in meaningful use patient
engagement and care coordination core objdasta@sociatedith improved patient experience, b).

Whether performance on meaningful use patient engagement, care coordination core objeizted is asso
with reduced 3@ay hospital readmissions, and finally c.) Whether patient experience performance is
associated with reducedd2y hospital readmission rate, controlling for MU patient engagement and care
coordination. The results indicate thageineral, performance in MU patient engagement and care
coordinationwas associat&dth improved patient experience such as medicine communication, discharge
information, pain management, nurse communication, and overall patient experience. Howesr, there

not enough evidence support the idea that performance in patient engagement and care egnalination
associatedith reduced readmission. Instead, evidence from our analysis indicated that patient engagement
and care coordinati@mmains are assdeid with reducedeadmissions through improved patient

experience. This study also confirmed previous studies, especially on readmissions, that demographic, hospital
level and genersdcialeconomic factors are critical in predicting the risk of reanhsj58i 59, 61, 66-69.

In addition the study revealed new information on the possible effects of adjusted occupancy rate on patient

experience and readmission. Overall, the refitliis study suggest that improving patient engagement and
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carecoordination, while it will not benefit every patient experience and readmission, have the potential to
transform care delivery toward a directiqgratientcentereatare.

The study added our understanding to what is possible under meaningful use patient engagement and care
coordination. However, it also revealed persistent argument against measures such as feanhgissions.
forward it is important to reviemeasures thatightunfairlypenalizénospitals for issues out of their

control. However, fanospitalsthere is @limmerof hopethat isusing successful implementing and

meaningfully using EHRs to help engage patients and coordinate care, may result in inoprpatiesTent
experience and readmission. Moreoveinthimvemenwill move the hospital in the direction of providing

patientcenteredtare and avoiding penalties under programs such as VBP and HRRP.
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Chapter 3 Tables

Table 3.1: Summary statistics

Dependent variables Obs Mean Stddev Min Max
Medicine communication 3544 | 78.68 4.27 61 98
Discharge information 3544 | 86.64 3.65 62 99
Pain management 3544 | 87.52 2.56 64 100
Nurse communication 3544 | 91.22 2.55 66 100
Overall hospital rating 3544 | 88.59 3.25 69 98
Recommend hospital 3329 | 87.75 4.25 62 100
30-day heart failure readmission rate 3660 | 21.96 1.50 16.30 31.30
30-day stroke readmission rate 2611 | 1257 1.07 9.10 17.70
30day hip & knee readmission rate 2736 | 4.61 0.55 2.40 7.80
30day COPD readmission rate 3657 | 20.00 1.27 15.90 26.10
30day pneumonia readmission rate 4096 |17.11 1.44 12.90 24.70
30day hospital wide readmission rate | 4402 | 15.58 0.83 10.80 19.90
Independent variables Obs Mean Stddev Min Max
Patient eAccesBatients who VDT 3517 | 14.34 13.78 0.01 100

Patientspecific education resources 3555 | 80.09 23.67 10.11 100

Medication reconciliation 3555 | 90.71 11.16 50.19 100
Health information exchange 3555 | 52.60 32.39 10.04 100
Continues control variables Obs Mean Std dev | Min Max
EHRs stage 0 years if still on stage O 481 5.24 2.06 1 8
EHRs stage 1 years if still on stage 1 839 4.49 2.24 1 8
EHRs stage 2 years if still on stage 2 1988 | 3.88 2.16 1 8
EHRs stage 3 years if still on stage 3 1195 | 2.04 1.02 1 4
EHRsstage 4 years if still on stage 4 439 1.94 1.09 1 4
CPOE for laboratory orders 3555 | 77.92 16.66 30.83 100
CPOE for radiology orders 3555 | 80.01 16.89 30.11 100
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CPOE for medication orders 3555 | 84.61 11.27 60.01 100
Saidin Index 3161 |13.34 7.16 0 34.23
HHI 4678 | 0.58 0.36 0 1
Adjusted Occupancy Rate 3137 | 49.74 19 0 99
CMS Case Mix Index 3424 | 152 0.36 0.65 3.98
Operating Margin 4631 | 2.61 0.16 -238.36 | 72.13
Unemployment rate 3160 | 6.38 1.85 0 23.6
Under 65 years old uninsured rate 3161 | 16.89 5.6 0 38.2
Categorical control variables

EHRs sophistication stage Obs Percent

EHRs sophistication stage 0 481 9.73

EHRs sophistication stage 1 839 16.98

EHRs sophistication stage 2 1,988 | 40.23

EHRs sophistication stage 3 1,195 | 24.18

EHRSs sophistication stage 4 439 8.88

Teaching status Obs Percent

Major teaching hospital 258 8.2

Teaching hospital 765 24.32

Non-teaching hospital 2,121 | 67.48

Hospital size Obs Percent

Small hospitals-d9 beds) 1,076 | 34.21

Medium Hospitals (16889 beds) 1,696 | 53.93

Large hospitals (400 + beds) 372 11.83

System status Obs Percent

Yes 2,362 | 74.7

No 798 25.25

Magnet status Obs Percent

Yes 465 9.41

No 4,477 | 90.59
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Ownership Obs Percent
Public 1,077 | 22.2
Private, Foprofit 948 19.54
Private, Nofor-profit 2,826 | 58.26
Changed ownership between 22075 Obs Percent
Yes 324 6.56
No 4,555 | 93.44
Location Obs Percent
Urban 2,337 | 73.93
Rural 824 26.07
Structural factor Obs Percent
Nursing care registry 1,636 | 33.1
Trauma level designation Obs Percent
Trauma level 1 303 6.13
Geographic region Obs Percent
Northeast 496 15.78
South 1,337 | 42.53
Midwest 717 22.81
West 594 18.89

Tabl&-1 Summary statistics
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Table 3.2: The association between meaningful use patient engagement and care coordination domains functionsraamtpatfaarexpe

1) (2) 3) 4) (5) (6)
Meds Discharge Pain Nurse Overall Hospital | Recommend
Communication | Information | Management| Communication | Rating Hospital
Patient eAccess: Patients who VDT] 0.02%** 0.02*** 0.01* 0.01** 0.01** 0.02***
(0.02) (0.01) (0.00) (0.00) (0.01) (0.01)
Patientspecific educatiaesources 0.01* 0.00 -0.00 0.00 0.01** 0.01**
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Medication Reconciliation 0.01 0.00 0.01*** 0.01** 0.01 0.01*
(0.01) (0.01) (0.00) (0.00) (0.02) (0.01)
Health Information Exchange -0.00 0.00 -0.00 -0.00 -0.00 -0.00
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
EHRs stage 1 -0.15 -0.93* -0.37 -0.36 -0.82* -1.62%**
(0.60) (0.52) (0.37) (0.35) (0.44) (0.59)
EHRs stage 2 -0.74 -0.72 -0.68 -0.81** -0.92* -1.71%**
(0.63) (0.57) (0.44) (0.38) (0.51) (0.64)
EHRsstage 3 -0.92 -1.13* -0.61 -0.84** -1.12** -1.75%**
(0.66) (0.59) (0.45) (0.39) (0.52) (0.67)
EHRs stage 4 -0.49 -0.81 -0.54 -0.45 -0.90 -1.78**
(0.70) (0.62) (0.48) (0.42) (0.57) (0.73)
EHRs stage 1 years -0.17%** 0.01 -0.06** -0.06** -0.15%** -0.17***
(0.05) (0.04) (0.03) (0.03) (0.04) (0.05)
EHRs stage 2 years -0.09* 0.05 -0.03 -0.04 -0.08** -0.08
(0.05) (0.04) (0.03) (0.03) (0.03) (0.05)
EHRs stage 3 years -0.02 0.15* 0.02 0.01 0.03 0.05
(0.09) (0.09) (0.05) (0.05) (0.07) (0.10)
EHRsstage 4 years -0.03 0.15 -0.07 -0.11 -0.03 0.04
(0.16) (0.13) (0.09) (0.08) (0.13) (0.16)
eMAR 0.43 -0.01 0.26 0.56* 0.12 0.43
(0.44) (0.38) (0.29) (0.29) (0.37) (0.49)
CDSS 0.95** 0.46 0.36 0.48* 0.59* 0.84*
(0.44) (0.33) (0.33) (0.25) (0.34) (0.45)
Infection surveillance system 0.36%** 0.19 0.20%** 0.13* 0.13 0.16
(0.13) (0.13) (0.07) (0.07) (0.10) (0.13)
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Outcome quality management syste -0.02 0.18 -0.12 -0.20* -0.06 0.11
(0.19) (0.17) (0.112) (0.11) (0.15) (0.21)
CPOE for laboratorgrders -0.01* -0.01** -0.00 0.00 -0.01 -0.01**
(0.02) (0.01) (0.00) (0.00) (0.00) (0.01)
CPOE for radiology orders 0.00 0.00 -0.00 -0.00 -0.00 -0.00
(0.01) (0.01) (0.00) (0.00) (0.00) (0.01)
CPOE for medication orders 0.01 0.01 0.01** 0.01* 0.02*** 0.03***
(0.01) (0.01) (0.00) (0.00) (0.01) (0.01)
Operating margin 0.04*** 0.02%** 0.02%** 0.02*** 0.03*** 0.03***
(0.01) (0.01) (0.00) (0.00) (0.00) (0.01)
Wage index -1.51%** -1.57%** -0.68** -1.36%** -1.44%** -1.63***
(0.56) (0.48) (0.29) (0.31) (0.43) (0.56)
CMS Case Mix Index 2.35%** 2.63*** 1.45%** 1.56%** 2.87%* 4 447
(0.32) (0.28) (0.17) (0.17) (0.25) (0.35)
Saidin Index -0.02 -0.01 -0.02*%** -0.02*** -0.03*** -0.03***
(0.01) (0.01) (0.02) (0.01) (0.02) (0.01)
HHI 0.54** 0.29 -0.24* 0.08 -0.57*** -1.06***
(0.23) (0.23) (0.13) (0.13) (0.18) (0.25)
Adjusted Occupancy Rate -0.03*** -0.02%** -0.01%** -0.02%** -0.01%** -0.01
(0.02) (0.00) (0.00) (0.00) (0.00) (0.01)
Magnet Designated Hospital 0.66*** 0.48*** 0.51*** 0.52%** 0.91*** 1.18***
(0.17) (0.17) (0.09) (0.09) (0.13) (0.17)
Trauma level 1 Hospital -0.26 -0.34 -0.32** -0.16 -0.21 -0.36
(0.22) (0.23) (0.13) (0.13) (0.17) (0.23)
Nursing Care Registry 0.87*** 0.74%** 0.41%** 0.45*** 0.48*** 0.63***
(0.16) (0.13) (0.09) (0.09) (0.12) (0.16)
Major teaching hospital -0.54* -0.77%** -0.95%** -0.57*** -0.63*** -0.82***
(0.28) (0.27) (0.16) (0.17) (0.21) (0.28)
Teaching hospital -0.31** -0.33* -0.24%** -0.14 -0.32%** -0.43***
(0.16) (0.14) (0.09) (0.09) (0.12) (0.16)
Safety net hospital 0.09 -0.60*** -0.38*** -0.46*** -0.47%** -0.96***
(0.18) (0.17) (0.10) (0.10) (0.13) (0.18)
Mediumsize hospital (16889 beds) -2.11%* -1.34%** -0.88*** -1.02%** -1.28*** -1.28***
(0.19) (0.15) (0.11) (0.10) (0.15) (0.19)
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Largehospital (400+ beds) -2.36%** -1.83*** -0.83*** -1.01*** -1.24%** -0.89***
(0.28) (0.26) (0.16) (0.16) (0.23) (0.30)
Standalone hospital -0.00 0.21* -0.01 -0.06 0.04 -0.04
(0.14) (0.13) (0.08) (0.08) (0.10) (0.14)
For profit -1.15%** -0.83*** -0.94*** -1.02%** -0.94*** -1.56***
(0.19) (0.15) (0.12) (0.11) (0.13) (0.18)
Government -0.19 -0.29 0.00 -0.09 -0.04 0.01
(0.18) (0.18) (0.12) (0.11) (0.14) (0.19)
Change of ownership -0.34* 0.09 -0.02 -0.16 -0.53*** -0.63***
(0.20) (0.19) (0.13) (0.12) (0.16) (0.21)
Change of ownership count 0.01 -0.00 -0.03 -0.01 -0.05 -0.09**
(0.04) (0.04) (0.03) (0.02) (0.03) (0.04)
Medicaid expansion state -0.51%** -0.70%** -0.28*** -0.29*** -0.62*** -0.36*
(0.17) (0.15) (0.10) (0.10) (0.14) (0.18)
Unemployment Rate -0.14%** -0.19%** -0.07** -0.03 -0.11%** -0.26***
(0.05) (0.04) (0.03) (0.03) (0.04) (0.05)
Below 65 Uninsured -0.09*** -0.19%** -0.05%** -0.07*** -0.07*** -0.07***
(0.02) (0.01) (0.01) (0.01) (0.01) (0.02)
Rural Hospital 0.55%** 0.26 0.34*** 0.25** -0.09 -0.55***
(0.20) (0.17) (0.12) (0.10) (0.15) (0.20)
South 0.56** 0.76*** 0.22* 0.13 1.07*** 0.93***
(0.22) (0.22) (0.13) (0.12) (0.18) (0.24)
Midwest 0.9 %** 0.73%** 0.29* -0.03 1.12%** 0.99***
(0.27) (0.24) (0.15) (0.15) (0.21) (0.28)
West 1.01%** 1.61%** 0.14 -0.34** 0.97*** 0.86***
(0.27) (0.25) (0.15) (0.15) (0.22) (0.29)
Constant 78.76*** 89.05*** 87.23*** 91.71*** 87.82*** 85.27***
(1.36) (1.15) (0.82) (0.76) (1.10) (1.42)
N 2406 2406 2406 2406 2406 2406
R? 0.2932 0.3451 0.2995 0.3447 0.3606 0.4170

Table&-2: The association béteeatient engagement, care coordinadod patieitiesexperience

Standard errors in parenthesps: 0.1, **p< 0.05, **p< 0.01
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Table3.3: Association between meaningful use performance on patient engagearent@ordination domains do$pital readmission
rates

1) (2) 3) 4) (5) (6)
Heart failure Stroke Hip & Knee COPD Pneumonia Hospitalwide
readmission rat| readmission rat{ readmission rat{ readmission rat| readmission rat{ readmission rat
Patient eAccess: Patients who VDO 0.00 -0.00 0.00 -0.00 0.00 -0.00
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Patientspecific education resource 0.00** 0.00 0.00 0.00 0.00* 0.00
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Medication Reconciliation 0.00 -0.00 -0.00 -0.00 0.00 0.00
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Health Information Exchange -0.00 0.00 0.00 0.00%*** 0.00 0.00**
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
EHRs stage 1 0.07 -0.06 -0.11 -0.04 -0.06 -0.13
(0.25) (0.17) (0.11) (0.24) (0.29) (0.14)
EHRs stage 2 0.12 -0.14 0.07 -0.06 -0.44 -0.20
(0.26) (0.22) (0.11) (0.27) (0.32) (0.20)
EHRs stage 3 -0.08 -0.18 0.12 -0.15 -0.49 -0.28
(0.28) (0.23) (0.12) (0.28) (0.34) (0.20)
EHRs stage 4 -0.12 -0.21 0.19 -0.16 -0.79** -0.34
(0.32) (0.25) (0.13) (0.31) (0.37) (0.22)
EHRs stage 1 years -0.00 0.00 -0.00 0.01 -0.03 -0.00
(0.03) (0.02) (0.01) (0.02) (0.02) (0.01)
EHRs stage 2 years -0.05* 0.02 -0.01 0.01 -0.04 -0.00
(0.03) (0.02) (0.01) (0.02) (0.02) (0.01)
EHRs stage 3 years -0.02 -0.02 -0.06*** -0.01 -0.08* -0.04
(0.06) (0.03) (0.02) (0.05) (0.05) (0.03)
EHRs stage 4 years -0.05 0.04 -0.11%** -0.00 0.06 -0.01
(0.09) (0.06) (0.04) (0.08) (0.09) (0.05)
eMAR 0.12 0.07 -0.17** -0.03 0.57** 0.14
(0.20) (0.15) (0.07) (0.17) (0.24) (0.15)
CDSS 0.21 0.12 -0.09 -0.06 0.31 -0.05
(0.19) (0.120) (0.07) (0.16) (0.20) (0.112)
Infection surveillance system -0.11 -0.07 -0.01 -0.03 -0.13* -0.05
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(0.07) (0.04) (0.03) (0.06) (0.07) (0.04)
Outcome guality management -0.01 0.10* 0.01 0.07 -0.07 -0.05
system
(0.10) (0.06) (0.04) (0.08) (0.10) (0.05)
CPOE for laboratory orders 0.01** -0.00 -0.00 0.00 0.00 -0.00
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
CPOE for radiology orders -0.01** 0.00 0.00** -0.00 -0.00 0.00
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
CPOE for medication orders 0.00 -0.00 0.00 -0.00 -0.00 0.00
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Operating margin 0.00 0.00 -0.00 -0.00 -0.00 -0.00
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Wage index -0.35 0.25 -0.03 0.45* -0.25 0.24
(0.29) (0.17) (0.11) (0.24) (0.30) (0.15)
CMS Case Mix Index -1.61%** -0.82%** -0.56*** -1.19%** -0.90*** -0.76***
(0.20) (0.13) (0.08) (0.17) (0.20) (0.112)
Saidin Index -0.01** -0.01 -0.00* -0.01 -0.00 -0.01*
(0.01) (0.00) (0.00) (0.01) (0.01) (0.00)
HHI -0.36*** -0.29*** 0.02 -0.11 -0.04 -0.02
(0.13) (0.08) (0.05) (0.11) (0.13) (0.07)
Adjusted Occupancy Rate 0.01*** 0.01*** 0.00*** 0.01*** 0.01*** 0.01***
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Magnet Designated Hospital -0.39%** 0.03 -0.03 0.05 -0.14 -0.09
(0.10) (0.07) (0.04) (0.09) (0.09) (0.06)
Trauma level 1 Hospital 0.13 0.06 0.02 -0.14 -0.22* -0.09
(0.14) (0.10) (0.06) (0.11) (0.13) (0.08)
Nursing Care Registry -0.12 -0.13** 0.02 0.07 -0.00 -0.06
(0.08) (0.05) (0.03) (0.07) (0.08) (0.04)
Major teaching hospital 0.65*** 0.51*** 0.09 0.25* 0.81*** 0.80***
(0.17) (0.11) (0.07) (0.14) (0.16) (0.09)
Teaching hospital -0.02 0.09 0.04 0.11 -0.06 0.00
(0.09) (0.06) (0.03) (0.08) (0.08) (0.05)
Safety net hospital 0.41*** 0.11* 0.02 0.09 0.24%** 0.21%**
(0.09) (0.06) (0.04) (0.08) (0.09) (0.05)
Mediumsize hospital (1E8D9 beds 0.17 0.05 0.07** 0.28*** 0.39*** 0.27**
(0.10) (0.06) (0.04) (0.09) (0.10) (0.06)
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Large hospital (400+ beds) 0.44%** 0.39*** 0.13* 0.72%** 0.66*** 0.38***
(0.16) (0.12) (0.06) (0.14) (0.16) (0.09)
Standalone hospital -0.05 -0.01 -0.07*** -0.04 -0.01 -0.02
(0.08) (0.05) (0.03) (0.07) (0.07) (0.04)
For-profit 0.38*** 0.19%** 0.12%** 0.28*** 0.31*** 0.25%**
(0.09) (0.06) (0.04) (0.08) (0.10) (0.05)
Government -0.01 -0.01 0.10** -0.00 0.02 0.02
(0.10) (0.06) (0.04) (0.08) (0.10) (0.05)
PN Mortality rate 0.05*** 0.01 0.00 0.05*** 0.09*** 0.03***
(0.02) (0.01) (0.01) (0.01) (0.02) (0.01)
HF Mortality rate -0.02 -0.04** -0.02** -0.01 -0.09*** -0.03*
(0.03) (0.02) (0.01) (0.02) (0.03) (0.01)
COPD Mortality rate -0.06** -0.04** -0.03** 0.07** -0.04 -0.03*
(0.03) (0.02) (0.01) (0.03) (0.03) (0.01)
Stroke mortality rate -0.05** -0.02 0.02* -0.02 -0.05** -0.02
(0.02) (0.01) (0.01) (0.02) (0.02) (0.01)
Change of ownership (268315) -0.03 -0.10 0.07 0.16 -0.10 -0.09
(0.12) (0.07) (0.05) (0.10) (0.13) (0.06)
Change of ownership count 0.05* 0.02 -0.02* 0.03 0.01 0.01
(0.02) (0.02) (0.01) (0.02) (0.02) (0.01)
Medicaid expansion state 0.40%** 0.05 -0.08** 0.14* 0.43%** 0.13%**
(0.10) (0.06) (0.04) (0.08) (0.09) (0.05)
Unemployment Rate 0.11%** 0.06*** 0.01* 0.07*** 0.14%** 0.07***
(0.02) (0.02) (0.01) (0.02) (0.02) (0.01)
Below 65 Uninsured 0.01 0.01** -0.01** -0.02%** -0.00 0.01***
(0.01) (0.02) (0.00) (0.01) (0.02) (0.00)
Rural Hospital -0.11 0.03 -0.08** -0.27%** -0.06 -0.11*
(0.12) (0.06) (0.04) (0.09) (0.112) (0.06)
South -0.05 0.10 0.10** -0.05 0.09 -0.15**
(0.14) (0.08) (0.05) (0.10) (0.13) (0.07)
Midwest -0.09 0.06 0.16*** -0.13 0.02 -0.13
(0.16) (0.09) (0.05) (0.112) (0.15) (0.08)
West -0.59*** -0.28*** 0.03 -0.48*** -0.60*** -0.64***
(0.16) (0.09) (0.05) (0.12) (0.15) (0.08)
Constant 23.03*** 13.66*** 5.58*** 20.22%** 17.09*** 15.76***
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(0.78) (0.49) (0.31) (0.66) (0.80) (0.42)
N 2072 2040 1852 2072 2072 2072
R 0.2086 0.1814 0.1097 0.1548 0.2037 0.2926

Table&-3: Association betiékpatient engageoseatcoordinaiivitiesdhospital readmission

Standard errors in parentheses
*p<0.1, *p<0.05, **p< 0.01
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Table 3. 4: Association betweenpiditientexperience of care and hospital readmission controllimgdomgfulise performance on patient

engagement and care coordination domains.

(1) (2) ) (4) 5) (6)
Heart failure Stroke Hip & Knee COPD Pneumonia Hospitalwide
readmission rat readmission rat¢ Readmission rat| readmission rat§ readmission rat¢ readmission rate
Nurse Communication -0.02 -0.05** 0.00 0.05 0.04 0.03
(0.04) (0.02) (0.02) (0.03) (0.04) (0.02)
Doctor Communication -0.03 0.05*** -0.00 -0.03 0.01 -0.04***
(0.03) (0.02) (0.01) (0.02) (0.03) (0.01)
Pain Management -0.01 -0.00 -0.01 -0.01 -0.02 -0.03*
(0.03) (0.02) (0.01) (0.03) (0.03) (0.02)
Meds Communication 0.02 0.02** 0.01 0.02 0.00 0.02**
(0.02) (0.01) (0.02) (0.01) (0.02) (0.01)
Discharge Information -0.04*** -0.02** -0.00 -0.02 -0.03** -0.02**
(0.02) (0.01) (0.01) (0.01) (0.01) (0.01)
Recommend Hospital -0.01 -0.00 0.00 -0.00 -0.04** -0.00
(0.02) (0.01) (0.02) (0.02) (0.02) (0.01)
Care Transition -0.07** -0.04** -0.03** -0.05* -0.05* -0.05***
(0.03) (0.02) (0.01) (0.03) (0.03) (0.02)
Patient eAccess: Patients 0.00 -0.00 0.00 -0.00 0.00 0.00
who VDT
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Patientspecific education 0.00** 0.00 0.00 0.00 0.00* 0.00
resources
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Medication Reconciliation 0.01 -0.00 -0.00 -0.00 0.00 0.00
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Health Information -0.00 0.00 0.00 0.00*** 0.00 0.00**
Exchange (HIE)
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
EHRs stage 1 -0.07 -0.18 -0.12 -0.10 -0.08 -0.21*
(0.26) (0.17) (0.12) (0.22) (0.29) (0.13)
EHRs stage 2 0.09 -0.38 0.05 -0.13 -0.47 -0.27
(0.28) (0.23) (0.12) (0.26) (0.33) (0.19)
EHRs stage 3 -0.13 -0.39 0.11 -0.24 -0.55 -0.36*
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(0.29) (0.24) (0.12) (0.27) (0.35) (0.20)
EHRs stage 4 -0.13 -0.43* 0.19 -0.31 -0.88** -0.36*
(0.33) (0.26) (0.13) (0.30) (0.38) (0.22)
EHRs stage 1 years 0.00 0.00 -0.00 0.01 -0.04 -0.01
(0.03) (0.01) (0.01) (0.02) (0.02) (0.01)
EHRs stage 2 years -0.05** 0.02 -0.01 0.00 -0.04 -0.00
(0.03) (0.01) (0.01) (0.02) (0.02) (0.01)
EHRs stage 3 years -0.01 -0.03 -0.06*** -0.01 -0.08* -0.02
(0.05) (0.03) (0.02) (0.05) (0.05) (0.03)
EHRs stage 4 years -0.05 0.04 -0.11%** 0.01 0.06 -0.03
(0.08) (0.06) (0.04) (0.07) (0.09) (0.05)
eMAR 0.10 0.18 -0.16** 0.02 0.55** 0.11
(0.21) (0.16) (0.08) (0.17) (0.26) (0.15)
CDSS 0.29 0.12 -0.07 0.01 0.33 0.09
(0.20) (0.12) (0.08) (0.17) (0.21) (0.11)
Infection surveillance -0.08 -0.07* 0.00 -0.01 -0.10 -0.03
system
(0.07) (0.04) (0.03) (0.06) (0.07) (0.04)
Outcome quality 0.00 0.11* 0.01 0.09 -0.04 -0.05
management system
(0.10) (0.05) (0.04) (0.08) (0.10) (0.05)
CPOE for laboratory order 0.01* -0.00** -0.00 0.00 0.00 -0.00
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
CPOE for radiologprders -0.01** 0.00* 0.00* -0.00 -0.00 0.00
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
CPOE for medication 0.00 -0.00 0.00 -0.00 0.00 0.00
orders
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Operating margin 0.01 0.00 0.00 0.00 0.00 -0.00
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Wage index -0.51* 0.20 -0.08 0.45* -0.35 0.11
(0.29) (0.18) (0.11) (0.24) (0.31) (0.14)
CMS Case Mix Index -1.38%*** -0.70%*** -0.51*** -1.03%** -0.59%** -0.62***
(0.20) (0.13) (0.09) (0.18) (0.20) (0.11)
Saidin Index -0.01** -0.01** -0.00* -0.01 -0.00 -0.00*
(0.01) (0.00) (0.00) (0.01) (0.01) (0.00)




72

HHI -0.34** -0.29%** 0.01 -0.15 -0.05 -0.02
(0.14) (0.08) (0.05) (0.12) (0.13) (0.07)
Adjusted Occupancy Rate 0.01x** 0.01*** 0.00%*** 0.01*** 0.01x** 0.01***
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Magnet Designated -0.34*** 0.09 -0.03 0.04 -0.07 -0.06
Hospital
(0.10) (0.07) (0.04) (0.09) (0.09) (0.05)
Trauma level 1 Hospital 0.08 0.02 0.02 -0.15 -0.30** -0.14*
(0.14) (0.10) (0.06) (0.12) (0.12) (0.07)
Nursing Care Registry -0.07 -0.09* 0.03 0.07 0.07 -0.04
(0.08) (0.05) (0.03) (0.07) (0.08) (0.04)
Major teaching hospital 0.51*** 0.44*** 0.09 0.31** 0.78*** 0.77***
(0.17) (0.10) (0.07) (0.14) (0.16) (0.09)
Teaching hospital -0.08 0.07 0.04 0.10 -0.09 -0.03
(0.09) (0.06) (0.03) (0.08) (0.08) (0.05)
Safety net hospital 0.32%** 0.07 0.01 0.10 0.22** 0.16***
(0.09) (0.06) (0.04) (0.08) (0.09) (0.05)
Mediumsize hospital (160 0.07 0.03 0.05 0.25*** 0.28*** 0.20%**
399 beds)
(0.10) (0.06) (0.04) (0.09) (0.10) (0.05)
Large hospital (400+ beds 0.39** 0.37*** 0.10 0.63*** 0.58*** 0.32%**
(0.16) (0.11) (0.07) (0.14) (0.16) (0.09)
Standalone hospital -0.04 -0.01 -0.07** -0.02 -0.00 -0.02
(0.07) (0.04) (0.03) (0.07) (0.07) (0.04)
For profit 0.19** 0.10 0.08** 0.19** 0.14 0.17***
(0.10) (0.06) (0.04) (0.08) (0.10) (0.05)
Government 0.02 -0.02 0.10** -0.02 -0.00 0.03
(0.10) (0.06) (0.04) (0.08) (0.10) (0.05)
PN Mortality rate 0.05*** 0.01 -0.00 0.04*** 0.09*** 0.03***
(0.02) (0.01) (0.02) (0.02) (0.02) (0.01)
HF Mortality rate 0.00 -0.03* -0.02* 0.00 -0.08*** -0.02
(0.03) (0.02) (0.02) (0.02) (0.03) (0.01)
COPD Mortality rate -0.07** -0.05%** -0.03*** 0.06** -0.05 -0.03**
(0.03) (0.02) (0.02) (0.03) (0.03) (0.01)
Strokemortality rate -0.06*** -0.02 0.01 -0.02 -0.06** -0.02
(0.02) (0.01) (0.01) (0.02) (0.02) (0.01)




9.

Change of ownership (26C -0.07 -0.12* 0.07 0.19* -0.17 -0.13**
2015)
(0.12) (0.07) (0.05) (0.10) (0.13) (0.06)
Change of ownership coui 0.04* 0.02 -0.02* 0.02 0.01 0.00
(0.02) (0.02) (0.01) (0.02) (0.02) (0.01)
Medicaid expansion state 0.30*** 0.02 -0.09** 0.12 0.37*** 0.08
(0.10) (0.06) (0.04) (0.08) (0.09) (0.05)
Unemployment Rate 0.08*** 0.06*** 0.01 0.06*** 0.11%** 0.06***
(0.02) (0.02) (0.01) (0.02) (0.02) (0.01)
Below 65 Uninsured -0.00 0.00 -0.01*** -0.02*** -0.01* 0.00
(0.01) (0.01) (0.00) (0.01) (0.01) (0.00)
Rural Hospital -0.09 0.01 -0.07* -0.23** -0.06 -0.10*
(0.11) (0.06) (0.04) (0.10) (0.11) (0.06)
South 0.05 0.08 0.11** -0.02 0.18 -0.08
(0.14) (0.08) (0.05) (0.10) (0.13) (0.07)
Midwest -0.00 0.07 0.17%** -0.08 0.12 -0.06
(0.16) (0.09) (0.06) (0.12) (0.15) (0.08)
West -0.49%** -0.27*** 0.05 -0.46%*** -0.45%** -0.57***
(0.16) (0.10) (0.06) (0.13) (0.15) (0.08)
Constant 37.58*** 18.40%** 8.70%* 23.80*** 24 . 79** 24 56***
(2.57) (1.65) (1.08) (2.22) (2.53) (1.41)
N 2068 2036 1850 2068 2068 2068
R? 0.2357 0.2052 0.1146 0.1546 0.2279 0.3251

Tabl&-4: Association between g@gtiengnce and hospital readmission

Standard errors in parentheses
*p<0.1, *p< 0.05, **p< 0.01
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CHAPTER 4: DETERMINING THE EFFECTS OF ELECTRONIC HEALTH RECORDS (EHRS)
SOPHISTICATION ON HOSPITALPROFITABILITY

Introduction
Acute care hospitals across the nation have moved to rapidly to adopt and implement Electronic Health

Records (EHR) in the last decdde percentage of hospitals with at least aBtdRisystem rose from

9.4% in 2008 to 83.8% in 2Q1k In 2015, 96% of the hospitals with a basic EHR system reported

possessing a certified EHR The adoption and implementation growth, in part, can be attributed to the

incentive and penalties includadhe 2009 Health Information Technology for Economic and Clinical

Health (HITECH) Ac{2]. As of August 2016, the Centers for Medicare and Medicaid Services (CMS) had

paid over $34.7 billion to over 508,000 providers under the incentive program to énspitaEgand

ot her providers to O0adopt, i[3nphlssgoe maws farpatienteand ni n g f
the nationawholeb ecause t he EHRsd potential to improve he:
systems can cost individual hospitals milliotsllaf $4-6].

Financial perforance is major challenge hospitals face as they react to new policies and reimbursement
incentives. Some hospitals struggle to keep afloat while others are worried of the changing policy and market
landscape that might put them at risk of closure. Theimvesnt i n EHRs can negativel
financial performance or, alternatively, increase profitability by supporting superior health services, increasing
revenue, reducing costs, and eliminating waste. Whether EHRs hogpasrofitability isunclear as

several factors make it challenging to estimate the impact of EHRs on financial performance in acute care
hospitalg’-9]. First, there ispotentihconfounding effect of unobservable factors such as hospital and

patient characteristics.
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Second, few hospitals measure the impact of EHRs at all. Only 40% of hospitals measure the impact of
EHRs,and 35% of those are not happy with tineiasuresaccoding to a recent survey of healthcare

executives by Beacon PartneBpsionbasedealthcareonsulting firnj1q.

Nevertheless, EHRs are not all created equally; there is tremendous variabiktypigtication. This

study defines sophistication based on early work and an adaptatishMEBEMR AdoptiotMode[1],

12. Largely theraretwo dimension®f EHRs sophisticatior(1) capabiliéis offered (sophisticated versus

basig, and (2) integration of applications. A hospital is considered to be on the lowest EHRs sophistication
level;, EHRstage if it has not adopted aimiplementedne or more of thiaboratory, radiology or
pharmacgystems. It is considered@tage 1 if it has implemented laboratory, radiology, pharmacy and
clinical data repository (CDR), but not necessarily inte@tetesfore, for a hospital to be considered to be

on the highest level of EHRs sophisticatianugt have implemented systems comprising laboratory,
radiology, pharmacy, CDR, nursing documentation, electronic medication administration record (eMAR),
Clinical Decision Support Systems (CDSS), Computerized Provider Order Entry (CPOE) and physician
docunentationMore importantly, eMAR must include closed loop medication administration, in addition to
the hospital having implemented electronic transactions to share data and integrated the picture archiving and
communication system (PACS). In other wtindshospital at this stageigirelypaperlesand itscritical

systems are integrated, and therefore more likely to reap financial benefits from revenue gains, cutting cost or
both.

The EHRs categorization used in this study, even though developke poars before, is similar to the
meaningful use framework that required hospitadsessively attestaod meaningfully use EHRsr

example, under the meaningful use regulations, participating hospitals are required to attest to their EHRs
capabllities: In Stage 1, hospitals were required to attest to data capture and sharing, Stage 2, attest to
advanced clinical processes capabilities and in Stage 3 attest to the applications of EHRs to improve
outcomeg$13. The difference between the two, though, is that meaningful use requires the use of the
systems i.e. it hasmenimumthreshold for meaningfully using the systems, while the categorization in this

study just requires that the systems be implemented andTibe logre objectives of the meaningful use
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programsimilar to theategorizationf EHRs sophistication, weraded on the theory that as hospitals

adopt and i mpl ement more EHRs that are sophistica
EHRs to improve the saf g1 iHgspatayprodithbility iy g possiblelouteomd i ci e n
of the adoption, implementation and meaningful use of sophisticated EHRs.

Therefore, the purpose of this study sxtamine the impact of EHR sophistication on hospital financial

performance. Specifically, the aims are to:

a. Estimate the effects of EHRs sophistication on hospital profitability, i.e. operating margin;
b. Determine whether hospitals that have more yeansesiegice with sophisticated EHRs also
perform better on operating margin.
c. Investigate the pathways by which EHRs sophistication impacts operating margin by:
i. estimatinghe effects of EHRs sophistication on hospital adjusted operating revenue per
inpatientday, and
ii. assessinte effects of EHRs sophistication on hospital adjusted operating expense per
inpatient day;
d. Determine whether hospitals those have more years of experience with sophisticated EHRs also

perform better in adjusted operating revenue xpetiges per inpatient day.

Understanding the impact of EHR sophistication on hospital financial performance is important because of
policyand practicalreasofsi r st , a recent systematic review conc
technology (HIT interventions are associated with financial effects, including cost savings and revenue gains,
there are a few articles on this topic, [l§speciall/l
There are even fewer articles focusing on inpatient care and EHRs sophigtieaithors call for more

research in this arespecially under the emeggirends in health care deliv@g/g., valubased

purchasing, bundled paymda6 17 6 which require hospitals to report electroninalysivamounts of

data and face penalties if they do not perdorkey metrics

Second, hospital financial performance has health care quality, access and economic implications on
communities across the country. Studies have shown that there is a link between financial performance and
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guality ofcar¢l8-21]. Often, hospitals understtiess lay off employees and reduce resources allocated to

guality improvemetd focus on survival. The domino effects are not limited to quality concerns but also
mergers and acquisition in addition to hospital closures, which may have devastating effects on the local
economy22-25 [26-29. In other wordghe financial viability of a hospital and the expected effects of

EHRs sophistication on financial performance, are areas of intgodisyytnakershospital administrators,

hospital owners and communities.

Furthermore, this study will contribute toehmerging evidence on the effects of EHRs sophistication. The

study utilizes a panel data analysis, which has several advantages as compared to a cross section study. Thest
include capturing the dynamics of the healthcare environment, offer more afgrerate and control for
unobservable characteristics and behavior and thereby controlling for the impact of omittg@®ariables

The study results will guide hospitals administrators in having realistic expectations on whether implementing
sophisticated EHRs will bear positive results on profitability and how long it takes to smetisddsor

this study may add to the evidence to help some hospitals decide whether they should invest in a more
sophisticated EHRs system, which is usually a substantial financial inivsteuee). hospital

administrators would be interested intanjthat can enhance their financial performance given pressures

from payergpatientsand regulators. Sophisticated EHRs migahliestrument to cuatown costs and

improve operating revenue that lsameinvesteith theprovisionof care under thesgcumstances.

Conceptual framework

The implementation of sophisticated EHRs is intended to provide efficienlingbare, improve revenue
cycle processes such as reducing the number of days inracedaitlevhileminimizingcosts such as

laba and administrative costs. There is evidence that improving revenue cycle management can lead to
higher profitability throughfastercollection ofevenuesreduction in operating expenses and boosting
operatingevenuf31].

Revenue cycle defineds "all administrative and clinical functions that contribute to the capture,
management, and collection of patient service rey@fuebegins from the scheduling of a patient or in

some instances admission/registration, and endbevittvenue collecticdBophisticateBEHRscanbe a
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useful tool on revenue cycle management steps such as documentagicapthergcase management,

billings and claims denial management. These are areas where accurate and timely information in critical. For
example, several errors such as incomplete provider orders and supporting documentation of what exactly
was dongpatent eligibility for the service provided or lack of medical necessity, might lead to claim denial.
These are errors that sophisticated EHRsvemuwmn hel p
reimbursement. The efficiencies achieved bexfausegsophisticateBEHRs have the potential of boosting

the hospital revenue and reduction of administrative costs.

Also, sophisticateBEHRs can be a tool to fostaatientfriendlybilling, enable preervices collections and
management of informatifiow between the hospital and the patidiis. ismade more relevant following

the rise and therevalencef the highdeductible health plans (HDHPs). Some hospitals have used
sophisticated EHRs as a tool to transform their revenue cycle managemenrsasedprideansparengy
whichhashad a positive return on investm&s3}.

Another way hospitals can boost therenueisingsophisticated EHRs is to adea health care quality and

avoid penalties undeayfor-performance programs such as HosgéhkleBasedPurchasing, Hospital

Readmission Reduction PrograndHospitalAcquired Condition (HAC) ReductiBrogran34-36. These

programs require hospitals to not only improve overall health care quality but also mregairethe
measuregromptly EHRs can exploit these opportunities and benefit the hospitals to gain revenue while also
reducing the administrative and personnel costs associated with such programs.

Nevertheless, there are risks to implementing sopbisiddiRs, more so the revenue cyaeanagement.

Poorly implementesbphisticatetE HRs wi t h ¢ amverudosses, spikes imhagaounts ieceivable

(A/ R) days, and s t[3«npthedwords$, thereensghtibendis@tiens that rhag w. 6
adverselgffectrevenue.

The study also hypothesizes that the more years of experience using an EHR system will enable the hospital
to gain more as opposed the feygars of experience. In summary, this stadyasedn the following

hypotheses.
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a. Other things being equal, when a hospital moves from lesaaréisephisticated EHRs system,
it will experience higher operating margin as opposed when the hospitatletdessophisticated
EHRs system.

b. Other things beingqualwhen a hospital has greater experience, i.e., more years, in higher EHRs
sophistication stages (stage 3 and 4) ltenabsociatetith greatepperating margin.

c. Other things beingqualwhen a hospital moves from less tanilbeesophisticated EHRs system;
it will gain adjusted operating revenue per inpatient days as compared if it staggphistiested
EHRSs system.

d. Other things being equal, when a hospital moves frotm feemoresophisticated EHRs system,
it will reduce adjusted operating expenses per inpatient days as compared to if it stays in a less
sophisticateBEHRs system.

e. Other things beingqualwhen a hospital has greater experience, i.e., more years, EHR$h
sophistication stages (stage 3 and 4) litenabsociatetith higher adjusted operating revenue and
reduced operating expenses per inpatient day than when a hospital has less expeigeece with

sophisticated EHRs systems.

Methods

Data Soures

The financial performance data for thiswaére derivel r om CMS3 hospi 2@G14).ABost rep
Medicarecertified institutional providers, including hospitals, are requireddstfiggports each year with a

CMS intermediary. Theportcmmt ai ns oprovider information such as
cost and charges by cost center (in total and for Medicare), Medicare settlement data, and financial statement
datab[3g. The data on EHRs sophistication came from Healthcare Information and Management Systems
(HIMSS) (2002012), through The Dorenfest Institute for Health Information database. The Dorenfest

I nstitute provides o0dat a, gardiagadoptiors implembkntatoet aper s a

use of IT in hospitals and integrated healthcare delivery néf@grks
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Sample

The analysis used data from 2005 to 2012 in both the EHRs and cost repardddiaspital year
observations were successfully merged. After dropping hospitals with fewer than 360 days in their cost report,

and general data cleaning, we retained a sample of 30,829 (94%)caostitdrvations.

Study design

The study usedpanel data analysis employing ordinary least squares with hospital and year level fixed

effects. The unit of analysis was a US acute care hospital certified as Medicare institutional provider.

Measures
Dependent variablteBhe primary dependent varialvkess operating margin, which is a measure of

profitability, indicating the proportion of revenue left over after the operating expenses have been paid. This

is an appropriate measure since the study hypothesized that a more sophisticated EHRs weuld influenc
hospital operations and as a result profitability. Operating margin is defined as net operating revenue divided
by operating revenue. The study also used two other dependent variables to estimate the pathway that a more
sophisticated EHRs influenced @pieig margin through adjusted operating revenue and expenses per

inpatient day. The study adjusted for outpatient revenue and expenses given the expected heterogeneity of the
revenue mix among hospitals. The following formula was used to calculateuhanehvexpenses per

adjusted inpatient day:

P APEPUURR 7

7 )-

All the amounts aieflationadjustedo 2012 dollars.

Independent variabléhe analytic variable was EHR sophistication, which is an ordinal variable that ranges
from stage O to stage 4 using an adapted HIMSS EMR Adoption Model based on the complexity of the
system§l, 1. The study defined a hospitalds EHR as St age
radiology, pharmacy; Stage 1 if the hospital implemented laboratory, radiology, pharmadydartel clinica
repository (CDR); Stage 2 if the hospital had attained stage 1 and implemented nursing documentation and

electronic medication administration record (eMR\RQspital was considered to be in Stage 3 if it
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implemented CDSS and CPOE and its eMARdedIclosed loop medication administration, in addition to
having attained Stagd-hally,a hospital was in Stage 4 if it helievedtage 3, implemented physician
documentation, electronic transactions to share data and the picture archiving@mdat@mmreystem
(PACS)wvere integrated he second analytic variakéesthe number ofears a hospital spent in an EHR
sophistication stage as earlier defiftgd.wago account for @ossibldearning curve or disruption
followingimplementationf EHRs systems. The years range from 1 to 8 years for EHRs stages 0, 1 and 2; 1
to 5 years for stages 3; and 1 to 4 for stage 4. We also wanted to capture the overall EHRs experience that
might notbe captureih the years at a givetageso we include theverall EHRs years ranging from 1 to 8

years.

Control variable$iospital financial performance analysis, especially profitability has been a focus for hospital

administratorgesearcherand creditors. Financial ratio analysis is a staple in the industry in gauging the
financial health of hospitals. Other researchers have focused on determinants of hospital [g@#tgbility
characteristics tdw and high performing hospitfd2, 43, financial health measu[44, while others

recently have focused on tdomnectiorbetween EHRs and financial performd8cEs, 45 4€. From these

and several other studies, we know that several managerial and patient mix varialbtesa geoftphnt,

debt utilization, labor intensity, uncompensated care, Medicaid mix, subacute care mix, among others, are
determinants of hospital profitabi[dg.

The study controlled for several measures that were expected to be determinants of hospital profitability
ba®d on thereviougesearch abov&éhese included patient mix variables such as Medicare inpatient mix,
Medicaid mix, sulcute mix, Intensive Care (ICU) mix, managed care (HMO) mix. These were calculated by
taking the Medicare, Medicaid,-aabte, ICU asnHMO inpatient days and dividing them by the total

inpatient days, respectively. The study controlled for these measures because they were possible determinants
of profitability based on their resource utilization and reimbursement. Given the arguté¢Rsttat

are more sophisticated are enablers to improved revenue cycle, the study controlled for days in patients
accounts receivabléhis waghe number of days the hospital took to collect receij4ile3ther

measures included thgeof plant longterm debt to capital and equity financing which resedrakiers
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found to be determinants pfofitabilitf40,4,48. A | ower age of plant indica
and equiment. Longterm debt to capitalization variable measures thetomginancing mix. Equity
financing variabl e measur e sfinanteavithpequayp or t i on of hos
We also expected hospitals, upon adopting and implementingphistecated EHRS, to add more

employees especially Health Information Technology (HIT) specialists who might be costlier compared to
regular employeehe study also controls for average salary pemtikquivalent (FTE) to account for

possible regi@h employee cost variationkis variablevas scalely dividing it by $5,008ls0, the study

controlled for labor intensity, whistas defineds total FTE divided by inpatient days adjusted for

outpatient visits.

For the models estimates the effeCEHRSs sophistication on adjusted operating revenue and expenses per
inpatient day, the study controls for two more variables, the outpatjand patient deductions. The

outpatient mix controls for the proportion of the patient revenuis tpateradfrom outpatient services.

It is definedhas outpatient revenue divided by total patient services revenue. Patient deshichidors

possible market power dynamics between payers and providers. For example, a hospital in a highly
concentrategayemarket might be force offer more contractual allowances which will affect its operating
revenue and expenstle patientdeduction variable calculateds total contractuallowanceand

discounts divided by gross total patient services revenue dedtietion variable enters the regression as a
guadratic term. Finally, the study controlled for hospital size, medium hospital defined as hospitals with bed
capacity of between 100 and 399 and large hospital with 400 and more bédspivitwveh 100 beds or

less being the referent category.

Empirical model

To estimate the effects of EHRs sophistication on hospital operating margin and whether years of experience
at a given EHRs sophistication level has an effect on operating margin, the Istyetjtiegripllowing
ordinary least squares regression with time and hospital level fixed effects. The study also adjusted the

standard errors for hospital level clustering.
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g 12 ¢ 12 12 12 2 A & t=2005, 6, 7é2012
Equation 1
WhereEs for each hospit@is time I' are the dependent variables including operating margin, for each
hospital across the eight years in the iz -a@k EHRs sophistication level ranging from stages 0 to stage 4,
the referent category will be stag* ".is a vector of EHR years in each category, the referent category will
be year 0 of each stag" is a vector of patient mix variables sucheadslre inpatient mix, Medicaid
mix, subacute mix, ICU mix and managed car&iis a vector of hospital financial and labor measures.
These comprise liquidity indicators; current ratio, days accounts in receivable, capital structure measures;
longterm debt to capital, equity financing, days, cost indicators; age of plant, average salary per FTE and
labor intensity® is a Medicare market share. LastlyZ*1és the EHRs years of experience dummy
variables.
The study employke same regressimodel as in Equation b, determine the possible pathways by which
EHRs sophistication influences operating marging adjusted operating revenue and expenses per
inpatient day as the dependent variablss.the study added two control variableswlere not in the
previous model: outpatient mix and patient deductions.
The modelsire progressively bustarting from the basic model i.e. regressing the EHRs sophistication stage
against the dependent variable; operating margin, adjusted opeestiirggand operating expenses per
inpatient day, to the full model as specified in Equation 1.
Based on a Hausman test, which showgphdicantifference between fixed effects and random effects
results, fixed effects was selected. There are sevamtdges of using a fixed effects estimator and panel
data. First, it helps to separategtifiectsof EHRs from other possible correlated factors that we usually do
not observe, a challenge that has vexed previous reE&aBgtond, the panel data enable us to capture the

effects of EHRs over time and possiygid omitted variable bias.
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Results

Summary statistics

Table4.1 presents the summary statistics @rttiee sample @80,829). The average operating margin was
2.78% with a minimum e44.79% and a maximum of 33.34%s suggestm average hospitals were

profitable; however, some hospitals faced severe losses while others were doing well. The average hospital
adjusted revenue per inpatient day was $2,371.24 with the minimum being $598.29 and maximum being
$8515.20The average bpital adjusted expenses per inpatienwelap 2,279.07 with a minimum of $618

and a maximum of $7,541.30. On average, more than a fifth of the hospitals in the stuhssetingle

lowest EHR stage, meaning that these hospitals had not adoptguleandrited one or more of the three
systems: laboratory, radiology, pharmacy systemstwidhpgrcent of hospitals had implemented systems

that were categorized as EHRs sophistication stage 1, 20.81% were on stage 2, 22.70% on stage 3, and 2.77%
on stag 4.

Hospitals on stage 4 on average had been on the stage for about Wifh geairimum of one year and a
maximum ofour years. Those on stage three averaged 2.17 years with a minimum of 1 and maximum of 5.
Themeamumber of EHRSs years of expede on stage two 2 was 2.44 with a minimum of 1 and max of 8.
Similarly, stage zero and stageetaged 2.57 and 2.62 years respectively, in both cases with a minimum of 1

year and a maximum of 8 years. Overall, hospitals had an average of 4 yearerteH&s ex
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The effects of EHRs sophistication on hospital operating margin

Table 4.2 presents results of five regression models that show the estimated effects of EHRs sophistication
on operating margin. Modehpwshe results of just the EHRs sophistication stages regressed against
operating margin. Model 2 includes EHRA&istipation stages and number of years at each of the stage.

Model 3 presents the full

model. Models 1 to&eall Figure 1: Predicted Effect of EHRs Sophistication on
Operating Margin
ordinaryregression models
e Stage 4 Stage 3 Stage 2 Stage 1 Stage 0
with a hospital and ydavet S .
fixedeffects. Model 4 is a ful %
g 4 —
modelemployingrdinary o - ¥ T
. : T 3 ¥
regression model with g
°
random effects. The study 3
e — 1
hypothesized that when a 3 1 : L 1
o
hospital moves from less to 0
. 2005 2006 2007 2008 2009 2010 2011 2012
more sophisticated EHRs Year

system, it will experience  Figurel: Predicted Effect of EHRs Sophistication on Operating Margin

higher operating margin as opposed when the hospital stays irstiphistsateEHRSs system. The

results from Model 1 if@hte that on average, a hospital moving from stagedOass@ciateslith a 0.70

(p<0.01) percentage point decrease in expected operating margin. On the other hand, a hospital moving from
stage 0 to stagesdassociataslith a 0.69 (p<0.1) percentpgint increase in expected operating margin. In

Models 2 and 3, the results indicate that there is no statistical difference between a hospital in stage 0 and
stages 1, 2 andHowever, in the same models, a hospital moving from stage 0 to stageidtesiasitb

negative expected operating margin, suggegtiifgcandisruption to revenue cycle, patient care operations

or both. After controlling for the number of years, a hospital is stage 4 is associated with 2.83 (p<0.01)
percentage point decreasexpected operating mardihe effect decreasagyhtly once other factaase

added to the regressiorModel 3 (2.32 percentage point decrease (p<0.05)) and is covitistent
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random effects in Model 4 (1.91 percentage point decrease {ji®sllggests that other factors have an
influence on operating margin other than EHRs sophistication.

Figure 1 presents predicted effect of EHRs sophistication on operatingTiiargironglyguggests that all

things being equal, a hospital in stage@l2vas associatedth 4.73 % in expected operating margin as
compared to 1.20% in expected operating margin of a hogtagkin Over time, it seems that stage 2 and
stage 3 havesanilarmagnitude of effect on operating margin. In fact frogor&ilstage8 appearso be

trending down while stage 2 is trendind his. iscurious given that stage 3 is more sophisticated than stage

2. Given the results from Table 4.2 and Figure 1, it seems that hospitals face a major hurdle moving from
stage @o stage 2. Overall, the predicted effects of EHRs sophistication on operating margin as presented in
this figure suggedtsat other factors confound teffect of EHRs sophistication as will be highlighted

below.

Effects of more years of experience sajphisticated EHRs on operating margin.

The results presented in Table 4.2 indicatgahatally speaking, the longer a hospital ramamsgiven
stage, the better a hos ptagdaHordesammuepat things bemgequalaar gi n ,
hospital in stage 4 in the fourth yisassociataslith 5.09 (p<0.01) percentage points in operating margin

more than a hospital in other stages (See Table 2, Mot & turrraround from a 2.32 (p<0.01)

percentage point decrease in expected operating foraagiancing to stage 4, suggesting a disruption

effect on revenue upon implemenstapet that dissipates over time. Further, the results show that it takes
several years for sostage$o see @ositive effect on operating margin. For example, a hospital in stage 2

by the fifth year, is associated with a 1.17(p<0.01) percentage point more in operating margin than a hospital
in other stagehis increasds 3.31 percentage points by the eigin. yHigher stages such as stage 3 and

4 seem to takeshortertime to see a positive effect on operating mailgmsuggesthat there is a hurdle
hospitahave to get over amadter thatappeathat they see almost immediate (&fyexar) effect on

operating margin. The total number of years of EHRs expeligno: seem to haam influence on

operating margifthis suggesthat the number of years at a given sophistication stage are better predictors

of operating margin than the total numbereairs of EHRSs experience. This probably shows that the total
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number of years might be diluted by the number of years in a lower EHRs sophisticatiorhathggsthat

impact on the operating margin.

The pathways by which EHRSs sophistication impactgingerargin

Table 4.3 presents results on the effects of EHRs sophistication on hospital adjusted operating revenue and
expenses per inpatient day. Thesdoasedn the hypothesis thather things beinggqualwhen a hospital

moves from less to timeoresophisticated EHRs system; it will gain adjusted operating revenue and reduce
adjustedaperating expenses per inpatient days as compared if it staysaphistsateEHRS system.

Overall, there isubstantiadvidence that EHRs sophistication éstd@) has a positive effect on adjusted
operating revenue per inpatient day. Models 1 indicate that when a hospital moves stadeiido stage
associatedith a $350.68 (p<0.01) dollars in expected adjusted operating revenue per inpatieatlgay. Simil
Model 4 results indicate that on average a hospital on stage 4 is associated with a $303.90 (p<0.01) dollars
increase in expected adjusted operating expenses per inpatient day. However, the results from Models 2, 3, 5
and 6, which contrébr the EHRs years of experiencaajiven EHRs stage and others factors, indicate that

on average there is statisticasignificance differenaeadjusted operating revenue for a hospital moving

stage 0 to stage 4. Stage 1, 3anel associatedth an increase in expected adjusteeghuend expenses

per inpatient dayhis reinforcethe early resultf operating margin that suggests that tharsigmificant

disruption taevenuend expenses associated with implementing stage 4.

Effectsof more years of experience with sophisticated EHRs on adjusted operating revenue and expenses per
inpatient day.

The results from Table 3 also generally indicate that the more years of experience a hospitaghas with a
stage of EHRs i.e. stag@ 2nd 4the moreoperating revenue per inpatient day it gained. For example, a
hospital in stage 4 by the end of the firstigemsociatedith a $120.09 (p<0.05) dollars in expected
adjusted operating revenue per inpatient day more a hospitalstagtg all things being edtizé.

amount ris¢o $177.56 (p<0.05) dollars by the end offaieh year Similarlya hospital in stage 2 at the

end of thesecond/ealis associateslith an expected revenue gain of $34.85 (p<0.05) as compared to other

stages, holding everything else constantnthressgrowsto $137.58 in thaixthyear, falling to $103.50 in
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the seventh year and is not statistisiglhificantn the eighttyear Overall, evidence from the regression
indicateghat hospitals witmore sophisticated EHRs consistently performed better on operating revenue

after at least a year of disruption, while the evidence is not so consistent on reducing operating expenses.

Discussion

The federal government and hospitals have apemormouamount of resources to encourage the
adoption and implementation of sophisticated EHRs to improve health care quality and[&fficiency
acute care settirgpphisticateEHRs systems are thought to be tools that can also improve financial
performance. Indeed previous systematic reviews have found a relationshipéstvedd=HRs and
financiaperformancgin some case mixed resjil&49 5(. This study sought to add our knowleatge

key areas

The effects of EHRs sophistication on hospital operating margin

The study set out to test sevhgglothesedirst, the idea that when a hospital moves from lessnorthe
sophisticated EHRs system, it will experience higher operating margin as opposed when the hospital stays in
the lessophisticateBEHRs system. We did not find a positive effect on ogeraéirgin when a hospital
moves from a less sophistication stage to asmphésticatedtage. However, when we conducted the
prediction of the effects of EHRs sophistication on operating, controlling for several factors, hospitals in
higher stages weresasiated with higher operating margin. Second, wesiobstdntiadvidence that the
moreyearf experience a hospital has on a higher EHRs sophistication stage, the better the hospital
performed.

This haseveral implications for practice and pdticst, the effects of EHRs sophistication shouldaot
lookedin isolation, rather in combination with other factors. For example, liquiditystrapitakand cost
measures were all found tadl@ablepredictors of operating margiinis suggesthat hospitals should use
EHRs in acombinatiorof looking how these factors affect profitability. There is evidence from early
adopters that they used sophisticated EHRs to Iaagphalwideservice and business transformd&djn

For example, Novant Health useghisticateBHRs as a platform teduce account receivable by 93 days,

reduced revenue cycle services costs by reduced by 49 percent and increase gross édlectientby 2
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[53. Second, it seems that hospitals should be prepared for disruption when they launch more sophisticated
EHRs systems. For example, the resultsteditae are possible hurdles for implementing EHRs systems
comprising stagesl@.addition after controlling for other factors, the resntigatemajorrevenue

disruption when a hospital movesttget. There are two possible approaches to mitigagxpected

disruptions. The first approach is that hospitals need to do a thorough planning and evaluation before, during
and after major EHRs implementatibinis includesot neglecting the revenue cycle functions while

focusing on only on patient e&HRs conversiddJ. This might mean appointing revenue cycle point

person in the planning, diee and poslive,in addition to praesting the system, having provideribuy

and having a revenue cycle managementipadt&n37, 53. The second approach mightdither

installing system incrementally stage by stage or implementing hospital division by division.

The results alsuggediat for hospitals to have full benefits of sophisticated EHRs, then they have to
implementhe moresophisticatedystems i.e. stage 4. There are at least two reasons for ths. There
consistent and financial gain from going all in as opposed toantigrfew applicationslso, the time it

takes to start seeing the benefits in this stage is shorter as compared to less sophistication stage. Lastly, for
researchers, the study shows that it is important to donfyelrs hospital has spent at\aegi

sophisticatiostage, otherwisie results potentially will be biased. Lasiige hospitals se¢mbe

strugglingand these might need help, possibly through regional extension services to prepare for possible

disruption and successfully impleragon and utilization of sophisticated EHRS.

The pathways by which EHRS sophistication impacts operating margin

The study also examined whether when a hospital moves from les®tesbphisticated EHRs system, it

will improve revenue and or redad@isted operating expenses per inpatient days as compared to if it stays

in a lessophisticateBEHRs system. There is evidence to conclude that EHRs sophistication is influencing
operating margin by improving adjusted operating re¥dsmehere is\wddence that EHRs that are more
sophisticated slightly helped reduce the adjusted operating expenses per inpatient day. However, the fact that

expensedid not rise as rapidly as revenue due to EHRs sophistication is good news for hospitals. Especially
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given previous studies that found thrataggregatophisticated EHRs were associated with increase in
hospital costs and nursing lej@s55

The study also found evidence that other things depiiadyvhen a hospital has greater experience, i.e.,
more years, in higher EHRs sophistication stages (stage 3waad d3sbciatedth higher operating

revenue and reduced operating expenses than when a hospital has less expeighecsopiitsticad

EHRs systems. Again, thigisinewith results from other studies which indicate successful hospital, over
time, used theophisticateBHRs to launch operationtednsformation, as a resaliy financial benefits
[56-59. This suggesthat hospitals miglsee dinancial gaiif they use theophisticatedystems as a
launching pad for robust healthcare quality improvement and as a tool to improve revenue cycle process and
reduce costs.

Hospitals face limited avenues to increase revenues as they sgadezieg from decreasing
reimbursement, shifting of risk from payers and competition from ambulatorjj@@n&ophisticated

EHRs might be one of the tools these hospitals nmég to improve their revenue cycle management and
improve operational efficien8jore so for hospitals that serve rural oriteeme individuals, which
traditionally have razor thin mardis 6. These hospitateight need more support to successfully

implement sophisticated EHRs andtbsesysterto transform their operatians

Limitations
There are several limitations to this study. First, we are limited to the avail@his ohgdiead to

underestimation or overestimation of the effect of EdBRisticationespecially given the results that

EHRs years of experience are a predictor of profitability. For example, they study was limited to the eight
years the data covered, while some hospital might have more years of dxpadigitiog.some hospitals

might have switched from one vendor to another or from a homegrown system to an outside vendor, which
might disrupt the hospital operations, and this miglencapturedh the data. There is also the issue of
endogeneity that might rize eliminatedy thehospital level fixed effects.

Cleaning the data in some instances dependsdgmeentcall. For example, in this study reededhe

extreme top and bottom one percent as missing. Other researchers might clean the data differently and hence
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arrive adifferent conclusions in their analysis. Lastly, past research has shown that hospitals with electronic
medical records use the systems to boost their revenue ttamamggpractices including what is known as

ou p ¢ o daipragiice @f billing with &gher paying codé’3. It is possible that the effect observed here
especially on operating revenue will be in part due tog@rdrancing practices and not the hypothesized

practices.

Conclusion

This study set out tamate the effects of EHRs sophistication on hospital profitability i.e. operating margin
and thepathway to that effeiftany.Alsg, the study sought to determine whether hospitals that have more
years of experience with sophisticated EHRs also perform better on operating margin, adjusted operating
revenue and expenses per inpatienfTdayesults of this study led us to conclualhtispitals with a

higher sophisticated EHRs system will perform better on operating margin, however, dfteugtoms
Moreover, our analysis suggests that soptasticateBEHRs system influence revenue and not operating
expensedVe conclude th# is important to considéne number of years of experience a hospital has at a
given stage to evaluttie EHRs sophistication impact correctly

Thus, it is important fdrospitalgo thoroughly plan for possible revenue cycle disruption and msvi® pla
overcome or mitigate thésruptionsin addition hospitals and researchers should consider the number of
years in might take to see the results. More importantigatieakiability of acute care hospitals,

especially small hospital and thibaeserve rural and vulnerable communities, is of importance to the served
communitiesndpolicy makerd-or example, CMS and Congress have regulaticar® thaaretd

protecting such hospitals from going out of business, such as reimbucsehexustfor Critical Access
Hospitals (CAHM7]. While this study did not test specifically for CAH and rural hospitals, results indicate
that larger hospitals performed better than small hospitals. The small, rural and hospitals that serve vulnerable
populations typically haleev operating margin migheed government support over time to implement

sophisticateBEHRSs which can help them to be more financially sustainable.
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Chapter 4 Tables

Table 4.1: Summary statistics

Dependent variables Observations Mean Std. Dev. | Min Max
Operating Margin (%) 29,861 2.78 9.86 -44.79 | 33.94
Adjusted Revenue per InpatiBaty 29,825 2371.24 | 1024.21 | 598.29 | 8515.20
Adjusted Expenses per InpatiBaty 29,825 2279.07 | 949.99 618.88 | 7541.30
Independent variables Observations Percent
EHRs Stage 0 6,667 21.63
EHRs Stage 1 9,894 32.09
EHRs Stage 2 6,414 20.81
EHRs Stage 3 6,999 22.70
EHRs Stage 4 855 2.77

Observations Mean Std. Dev. | Min Max
EHRs Stage O Years 6,667 2.57 1.70 1 8
EHRs Stage 1 Years 9,894 2.62 1.67 1 8
EHRs Stage 2 Years 6,414 2.44 1.56 1 8
EHRs Stage 3 Years 6,999 2.17 1.22 1 5
EHRs Stage Years 855 1.75 0.94 1 4
Total EHRs Years 30,829 4.020792| 2.227956| 1 8
Continuous control variables Observations Mean Std. Dev. | Min Max
Age of plant (Years) 28,465 12.28 13.24 0 146.15
Equity financing (%) 30,487 52.09 51.62 -166.69| 302.15
Longterm debt to capital (%) 30,534 35.66 56.91 -291.69| 309.69
Days in Patient Accounts Receiva 30,448 53.01 18.16 9.04 159.01
Current ratio 30,405 2.65 2.21 0.16 17.29
Patient deductions (%) 29,746 55.59 17.03 5.90 | 84.69
Adjusted Occupancy Rate (%) 30,368 44.14 22.82 0.13 99.96
Medicare Mix (%) 30,559 51.55 18.29 0 95
Medicaid Mix (%) 30,463 11.50 9.39 0 49.97
Subacute Mix (%) 29,716 6.11 10.41 0 49.97
ICU Mix (%) 30,510 9.80 7.76 0 34.98
HMO Mix (%) 30,661 8.42 10.13 0 49.97
Average Salary per FTE Per $ 5,( 30,180 51.61 16.98 0 88.76
LaborIntensity 30,777 10.64 2.47 5.91 20.65
Medicare Market Share 29,769 1.58 0.91 0.04 | 43.27
Categorical control variables Observations Percent
Small hospitals39 beds) 14,160 45.93
Medium Hospitals (16899 beds) 13,530 43.89
Large hospitals (400 + beds) 3,139 10.18

Tablel-1: Summary statistics
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Table 4.2: The effects of EHRs sophistication on hospital operating margin

(1) FE (2) FE (3) FE (4) RE

Operating Operating Operating Operating
Margin (%) Margin (%) Margin (%) Margin (%)

EHR Stage 1 -0.15 0.25 0.29 0.44**
(0.17) (0.24) (0.23) (0.21)

EHR Stage 2 -0.70*** -0.35 -0.18 -0.02
(0.20) (0.28) (0.28) (0.27)

EHR Stage 3 -0.08 -0.54 -0.26 -0.08
(0.20) (0.43) (0.42) (0.41)

EHR Stage 4 0.69* -2.83*** -2.32%* -1.91*
(0.39) (1.08) (1.00) (1.02)

EHR Stage 1 Year 1 -0.25 -0.20 -0.03
(0.32) (0.31) (0.25)

EHR Stage 1 Year 2 -0.49 -0.42 -0.15
(0.39) (0.37) (0.30)

EHR Stage 1 Year 3 -0.46 -0.46 -0.05
(0.44) (0.42) (0.33)

EHR Stage 1 Year 4 -0.23 -0.22 0.25
(0.52) (0.49) (0.39)

EHR Stage 1 Year 5 -0.13 -0.07 0.49
(0.61) (0.59) (0.47)

EHR Stage 1 Year 6 0.50 0.66 1.29**
(0.74) (0.71) (0.59)

EHR Stage 1 Year 7 -0.70 -0.74 -0.02
(0.91) (0.89) (0.76)

EHR Stage 1 Year 8 -2.34** -2.13* -1.11
(1.17) (1.14) (1.05)

EHR Stage 2 Year 1 0.15 0.20 0.35
(0.28) (0.27) (0.24)

EHR Stage 2 Year 2 0.13 0.17 0.48*
(0.34) (0.32) (0.29)

EHR Stage 2 Year 3 0.31 0.29 0.68**
(0.42) (0.39) (0.34)
EHR Stage 2 Year 4 0.83* 0.71 1.21%**
(0.50) (0.47) (0.41)
EHR Stage 2 Year 5 1.53** 1.17* 1.83***
(0.64) (0.59) (0.51)
EHR Stage 2 Year 6 251 1.94** 2.61%**
(0.81) (0.77) (0.68)
EHR Stage 2 Year 7 2.87** 2.03** 2.88***
(1.00) (0.93) (0.84)
EHR Stage 2 Year 8 4.28** 3.31* 4.20%**
(1.72) (1.61) (1.50)

EHR Stage 3 Year 1 0.63 0.48 0.50
(0.42) (0.41) (0.39)
EHR Stage 3 Year 2 1.32%** 1.10** 1.23***
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(0.47) (0.45) (0.43)
EHR Stage 3 Year 3 1.75%* 1.49*** 1.70%**
(0.53) (0.51) (0.47)
EHR Stage 3 Year 4 1.98*** 1.61%** 1.95%**
(0.60) (0.57) (0.53)
EHR Stage 3 Year 5 1.11 0.71 1.16*
(0.73) (0.70) (0.64)
EHR Stage 4 Year 1 2.78*** 2.42** 2.30**
(1.03) (0.94) (0.98)
EHR Stage 4 Year 2 3.59%** 3.05%** 3.11%x*
(1.11) (1.03) (1.05)
EHR Stage 4 Year 3 5.28*** 4.70*** 4.79%**
(1.30) (1.20) (1.22)
EHR Stage 4 Year 4 4.69*** 5.09%** 5.44%**
(1.69) (1.53) (1.57)
Total EHRs Years -0.12 -0.46 -0.25**
(0.43) 0.05 -0.08
2006 -0.12 (0.37) (0.16)
(0.39) 0.55 0.12
2007 0.26 (0.76) (0.22)
(0.81) -0.19 -0.77***
2008 -0.74 (1.15) (0.30)
(1.22) 0.49 -0.28
2009 -0.13 (1.54) (0.37)
(1.65) 0.57 -0.23
2010 -0.19 (1.94) (0.45)
(2.06) 0.82 0.05
2011 -0.13 (2.34) (0.53)
(2.49) 1.38 0.54
2012 0.12 (2.73) (0.61)
-0.12 0.05 -0.08
Ageof plant 0.02** 0.00
(0.01) (0.01)
Longterm debt to capital -0.00 -0.00
(%)
(0.00) (0.00)
Equity financing (%) -0.04*** -0.04***
(0.01) (0.01)
Days revenue in accounts 0.03*** 0.04***
receivable
(0.00) (0.00)
Current ratio 0.46*** 0.46***
(0.05) (0.04)
Adjusted occupancy rate 0.05*** 0.05***
(0.01) (0.01)
Medicare Mix 0.01 -0.06***
(0.02) (0.01)
Medicaid Mix -0.01 -0.05***
(0.02) (0.01)
Subacute mix 0.02 0.00
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(0.02) (0.01)
ICU Mix -0.02 -0.01
(0.03) (0.02)
HMO mix 0.01 -0.03***
(0.01) (0.01)
Outpatient Revenue Mix -0.28*+* -0.05
(0.08) (0.05)
Average Salary per FTE -1.08*+* -0.93***
(0.25) (0.16)
Labor intensity 0.08*** 0.04***
(0.01) (0.01)
MedicareMarket Share 0.87** 0.59**
(0.43) (0.27)
Medium Hospital (16899 1.29** 0.59
beds)
(0.65) (0.39)
Large hospital (400+ bed: 0.02** 0.00
(0.01) (0.01)
Constant 2.98*** 3.3 1.72 471 %+
(0.13) (0.25) (1.66) (1.20)
N 26327 26327 25117 25117
R2 0.0019 0.0107 0.0608

Tabl&-2: The effects of EHRs sophistication on hospital operating margin

Standard errors in parentheses
*p<0.1, *p< 0.05, **p< 0.01
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Table 4.3: The effects of EHRsophistication on hospital adjusted revenue and expenses per inpatient day.

@) ) 3 | “4) ®) (6)
Revenue Revenue Revenue | Expenses Expenses Expenses
EHR Stage 1 103.44*** 53.87*** 41.80*** | 101.21%** 40.55%** 31.30%**
(11.08) (14.31) (9.91) ! (10.72) (13.83) (9.23)
EHR Stage 2 172.69*** 37.27** 27.93** : 176.05%** 36.20** 27.57*
(11.96) (16.54) (11.84) | (11.48) (15.88) (10.89)
EHR Stage 3 280.08*** 47.56** 36.80** I 258.69*** 48.82** 37.70%**
(12.57) (23.62) (16.70) : (11.93) (21.62) (14.34)
EHR Stagd 350.68*** -26.56 -52.47 | 303.90*** 32.71 7.45
(26.05) (84.82) (60.86) | (23.02) (77.55) (54.43)
EHR Stage 1 Year 1 -24.56 -33.31** : -15.25 -25.21**
(18.71) (13.74) | (18.02) (12.79)
EHR Stage 1 Year 2 -14.46 -23.11 I -10.08 -21.20
(23.14) (16.67) : (22.79) (15.57)
EHR Stage 1 Year 3 -10.15 -16.56 | -8.46 -16.57
(27.33) (19.74) I (26.96) (18.49)
EHR Stage 1 Year 4 9.78 10.89 | -1.26 -8.51
(33.42) (23.92) | (32.48) (21.87)
EHR Stage 1 Year 5 14.29 1.29 | -10.44 -28.74
(37.60) (27.14) | (36.76) (24.59)
EHR Stage 1 Year 6 7.85 8.24 | -34.28 -46.45
(44.12) (32.04) 1 (43.77) (29.42)
EHR Stage 1 Year 7 18.76 24.67 : -35.76 -40.07
(62.32) (45.85) i (54.48) (37.45)
EHR Stage 1 Year 8 -93.72 -28.03 | -87.50 -69.67*
(60.88) (45.27) 1} (61.37) (40.85)
EHR Stage 2 Year 1 15.02 759 10.42 3.85
(16.84) (12.07) I (16.18) (11.12)
EHR Stage 2 Year 2 37.55* 34.85** : 23.86 16.59
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(20.74) (15.02) | (19.58) (13.73)
EHR Stage 2 Year 3 50.29* 57.60%** ! 21.57 22.38
(25.98) (19.11) (24.36) (16.98)
EHR Stage 2 Year 4 55.62* 78.64 | 12.12 24.08
(33.35) (24.04) | (31.27) (21.27)
EHR Stage 2 Year 5 79.10** 101.45* ¢ 9.37 21.68
(39.94) (28.35) | (39.25) (26.39)
EHR Stage 2 Year 6 121.98* | 137.58** | 9.22 18.57
(51.09) (36.53) | (48.25) (33.22)
EHR Stage 2 Year 7 24.10 103.50* | -80.50 -15.74
(67.14) (43.59) 1 (60.33) (38.81)
EHR Stage 2 Year 8 -35.70 90.10 -170.98*** -77.10
(72.68) (56.15) | (66.34) (53.09)
EHR Stage 3 Year 1 -5.47 -6.95 | -22.64 -24.07*
(22.83) (16.09) (20.70) (13.90)
EHR Stage 3 Year 2 36.51 33.49* | -8.81 -10.28
(26.78) (19.17) 1 (24.68) (16.76)
EHR Stage 3 Year 3 49.98 44.69* | -10.18 -15.64
(32.33) (23.19) | (29.65) (20.24)
EHR Stage 3 Year 4 45.83 49.95* | -36.12 -33.51
(37.97) (28.97) | (34.64) (24.45)
EHR Stage 3 Year 5 57.43 3430 | -8.84 -27.84
(45.26) (33.72) 1 (44.40) (31.93)
EHR Stage 4 Year 1 109.75 120.09* | 32.68 43.92
(84.97) (60.06) | (76.82) (52.83)
EHR Stage 4 Year 2 84.07 117.25% 1 -33.77 4.45
(84.45) (61.75) | (76.71) (54.94)
EHR Stage 4 Year 3 128.27 166.48** | -23.07 16.42
(97.11) (66.65) | (90.56) (59.56)
EHR Stage 4 Year 4 176.26 177.56* | 50.44 40.88
(123.92) (79.71) | (137.70) (88.00)
Total EHRs Years -61.18*** -11.38 | -51.04** -5.32
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(19.46) (14.71) (20.39) (14.90)
2006 80.58*** 56.35%** ! 75.51 % 37.39**
(17.19) (15.55) i (a7.77) (16.22)
2007 168.15*** 108.56*** | 154 .58*** 66.55**
(35.37) (30.89) ! (37.41) (32.31)
2008 231.09%** 133.34*** i 232.97*** 92.48*
(53.11) (47.54) (56.41) (49.82)
2009 395.23*** 281.48%** ! 372.38*** 201.83***
(71.76) (64.56) i (76.12) (67.59)
2010 510.26*** 360.10%* | 482.78*** 264.72*%**
(90.23) (81.17) ! (95.70) (84.96)
2011 576.09*** 399.84*** : 546.60*** 287.40***
(108.83) (97.24) | (115.49) (102.07)
2012 647.48*** 461.85%+* | 616.01*** 327.18***
(127.69) (114.06) : (135.12) (119.30)
Age of plant -0.75* | -1.11%*
(0.38) ! (0.48)
Longterm debt to capital (%] -0.15 i -0.05
|
(0.11) ! (0.09)
Equityfinancing (%) -1.60%** i -0.70%**
(0.24) I (0.20)
Days revenue in accounts 0.54*** i -0.30**
receivable |
(0.15) 1 (0.13)
Current ratio 3.03* : -5.45%**
(1.68) i (1.53)
Patient Deductions -0.21%* | -0.10%**
(0.02) : (0.01)
Adjusted occupancy rate -4.04%+* i -4.88***
(0.63) 1 (0.68)
Medicare Mix -0.85 : -0.68




L0T

(0.83) | (0.77)
Medicaid Mix -1.984 1 -1.26*
(0.76) | (0.71)
Subacute mix 6.39%* | 5.57***
(0.92) I (0.94)
ICU Mix 6.46%* | 5.76%
(1.29) | (1.20)
HMO mix -0.69 | -0.70
(0.50) (0.46)
Outpatient Revenue Mix -24.,99%** | -21.40%**
@48 | (2.56)
Average Salary per FTE 70.86*** | 77.93**
8.40) 1 (9.08)
Labor intensity 426.74*** : 467.65***
(85.01) | (94.98)
Medicare Market Share 4,110 | -5.50%**
0.93) | (0.87)
Medium Hospital (16899 -101.35%** | -111.34%**
beds) |
(20.79) 1 (20.06)
Large hospital (400+ beds) -141.90%* | -140.89%**
(35.67) | (36.80)
Constant 2164.59*** | 2154.98** | 3059.42*** I 2080.86*** | 2065.86*** | 2437.42***
(8.18) (12.98) (361.47) |  (7.96) (12.70) (394.11)
N 24529 24529 24529 | 24530 24530 24530
R2 0.0539 0.1130 0.5102 : 0.0524 0.1081 0.5174

Tablel-3: The effects of Estipdistication on hospital adjusted revenue and expenses per inpatient day.

Standard errors in parentheses
*p<0.1, *p< 0.05, **p< 0.01
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CHAPTER 5: CONCLUSION

The overarching goal of the dissertation study was to evaluate in a comprehensive manner the multifaceted
impact of Electronic Health Records (EHRS) sophistication in U.S. hospitals. The outcomes of interest
included hospital health care quality, patiperience, hospital readmissions, and hospital profitability. The
results indicated that EHRs sophistication was associated with improved healthcare profitigyging

while patient engagement, care coordinatioassasiated with improvpdtientexperience. However,

there were unexpected findings. For example, EHRs sophistication waskfewsdaciated with improved
clinical process of care but not pladientoutcomes. Meaningful use patient engagement and care

coordination dimensions weoaifid to influence theatientexperience and not readmission directly.

Moreover, the study found EHRs sophistication to have an impact on operating margin through gain on
operating revenue and not throughréftkictionof operating expenses. Another unetgaefinding had to

do with the EHRs stages and years of experience with a specific EHRs sophistication stage. It appears that
Stage 2 is more difficult for hospitals to overcome, suggesting some kind of a hurdle for hospitals. It also

looks like it takdsngerfor a hospital in Stage 2 to semiain performance as compared to Stage 3 and 4.

The results suggest that overall, programs such as meaningful use have helped hospitals to implement and use
sophisticated EHRs to improlvealth carquaity and hospital outcomes. As shown in the study, in some

cases, EHRs are having the expected impact and yet in others they are not. There are several possible reason:
why sophisticated EHRs améaningfulise dimensions are not having the expected ifrpaekample, it

is possible that it takes a long time for the Edfiiests to trickle down from improving clinical process

measures to enhancing patient outcomes and reducing operating &kjeepsssibility is supportby

the results thatshowttetc r oss di f f er ent measur es, the |l ength o
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sophisticated EHRsgas associatedth improved clinical process of care and profitability. It is also plausible

that the areasophisticateBHRSs did not have the expected effequire concerted efforts. For example,
patientoutcomesnd adjusted operating expenses might require hospitals to apply advanced analytics to
pinpoint specific areas of improvement af@. otrans
For exampleapplyingoredictive analytics, hospitals may identify {satido are likely to be readmitted and

once identified a hospital may focus efforts on those patients to reduce and mitigate their likelihood of
readmission. Other examples include looking for patterns of overuse and misuse of resources with the
intentionof reducing waste and improving efficiency. These points to possible future study questions in areas
such as the role of advanced analytics in the age of sophisticated EHRs, thénédiectkhafspital

environment on the operating expenses, hogathhissions and patient outcomes.

There are a couple of possible explandtiotize surprising finding concerning the EHRs sophistication

Stage 2. Thitageequires a hospital to have adopted and implemented nursing documentation and
electronic medidah administration record, which may partly explain the findings. First, across the country,
nurses ocomprise the | argest single component of
¢ a f3kSeabnd, there are reportsvidenurse dissatisfaction with electronic records, especially its usability
and disruption abngestablishednd familiar workflogd-6] Some of the dissatisfaction riserfipoor user

interface design and ladkinclusionof nurses in choosing and implementingtRsplatform that fit their

work needd7, 8], Lastly, nurses are thealth carproviders who administer medications using the eMAR.
Therefore, taken together, these three facts possibly explain why theéoebsearnsrdle getting through

Stage 2 and whysigemgo take longer to see positive results.

Overall, hospitals face uncertainty in the current political climate. While the HITECH Act and ACA possibly
helped hospital invest for the future, the twsligins also imposed expensive reconfiguration of care

delivery. With the future of ACA being uncertain, hospéatevery tool possible to be sustainable in the

future. There is no indication the modified meaningful use program is beiapdtishe: Therefore, a
clearunderstanding of how sophisticated EHRs can be used to optimize care, reduce operating expenses and

improve patient experience is going to be more valuable than ever. For exancplersreseause thata
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to understand the role imternal and external contextual factors on the success of sophisticated EHRs. Most
critical internal and external contextual factors such as organizational culture, readiness for change, leadership
and management attributes, are not currently avallabter, it is still possible that the new incoming
administration will slow down or stop enforcing the modified meaningful use requirements. Even in that
case, hospitals are unlikely to roll back the investment they have already made in the imgiEmentation
sophisticated EHRB addition early adopters sbphisticateBHRs are unlikely to slow down their

progress in using the systems to improve outcomes. To what extent hospitals may continue to invest in
EHRs and successfully use the system to improve care and redonag/deptend on the new

admi ni st r airnpushingdeswardmsticke care models and payment reforms as ACOs and value
based purchasing. However, private payers and other stakeholders might lead the continued transformation
whether the federal governmerdrishoardor not. For example, the HiaCare Transformation Task

Force, a consortium of patients, payeosidersand purchasers,yeacommitted t@5 percent of the

member s busi nes s-basedoopteact ararigemgnt hy fR2&2016 repott nethe
Transformation Task Force found that 041 percent
valuebased payment arrangements at t h[@JTaus,desearth 2015,
efforts are needed to monitor policy changetharichpact on quality of care especially on EHR investment

andutilization.

The possible dangerral back EHR investment mightibesmall rural hospitals, safety net hospitals, and

those hospitals that depend on support from regional extension services. In addition, the rollback will cause
disruption and create uncertainty in the industry. Mqstdisswith the exception of early adopters, have

gone through a painful process to adopt and implement sophigitRtehost are less likely to reverse

the procesdMoreovey hospitals that depend on the government funded extension centers duppght sti

need help to complete the process of implementing and using the EHRs to improve outcomes. In addition,
EHRSs that are more sophisticatedeapensivéo maintain and upgrade, not to mention the number of

technical staff required and the cost ofinaous training of providers and other staff members.

115



Whether or not hospitals and health care providers in general, continue to invest in EHRs may determine the
success of population health. The possible societal benefit of sophisticated EHRe\V® tovienall

population health, which may reduce healthcare cost. However, this promise requires interoperability, which

in turn requires investmenthealthcare exchange platforms, sustaiaadardizationand cooperation

among provider systems, samuging across state lines. The goal to improve population health may suffer if
programs such as meaningful use are abolished. The stadydididesubstantiadvidence on the effect

of health information exchange, which is critical in improvingaioptiealth. Suggesting that more work

needs to be done on issues such as interoperability to allow seamless information exchange. If the meaningful

use program were @ terminatedhen thiswork might also stall.
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