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Abstract of Dissertation

Adoption of Electronic Health Records and Associated Impact on Quality in Primary
Care

Background: The national priority to accelerate the adoption of electronic health records
(EHR) among health care providers in the US is based on its potential to improve quality
of care. This study assessed the adoption of EHRs in primary care, a setting that is
essential to maintaining the individual and community health, and whether adoption was
associated with improvements in quality.

Methods: The study was a cross-sectional analysis of primary care visits from the 2007-
2012 National Ambulatory Medical Care Survey. Using definitions of “basic” and
“advanced” EHR systems based on previous expert consensus, the study determined the
proportion of primary care practices using the systems, the factors associated with
adoption, and the relationship between EHRs and the delivery of services — colorectal
cancer screening and advanced imaging for head pain — with known quality problems.
Results: About one in five practices had advanced EHRs and 10.83% had basic EHRs.
Over the study period, the rate of increase of advanced EHRs exceeded that of basic
EHRs, particularly after 2009. Multivariate logistic regressions showed certain patient
and practice characteristics such as age and practice ownership predicted colonoscopy
and head CTs; however, EHRs did not have a strong relationship with the procedures.
Conclusions and implications: Despite increases in adoption, EHRS were not associated
with the two quality indicators of interest. This study does not support previous assertions
that EHRs would inherently improve care and health. EHRs, however, are still a tool

necessary to address persistent problems with poor-quality care. Future efforts should

Vi



focus on aligning EHR systems with clinical care delivery, especially on the usability of

the systems.
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Chapter I: Overview, Background, and Specific Aims

Overview

For over a decade, significant federal investments have been made to improve the
quality of health care delivered to patients in the United States. Attention to these issues
was prompted by numerous research studies that described problems in how care was
delivered, culminating in the Institute of Medicine’s (IOM) 2001 report, Crossing the
Quality Chasm (Institute of Medicine, 2001). Beyond exposing patients to health risk,
poor quality care wastes resources in an already fiscally constrained health care system
that spends $3 trillion annually (US Census Bureau, 2016).

In many ways, Crossing the Quality Chasm became a clarion call for action to
address the quality problem in the US. The IOM report focused on three problems —
overuse, underuse, and misuse — that broadly explain why there is a gap between what
was known about how care should be delivered and how it was delivered in reality. The
report also provided a framework to address necessary improvements at the patient,
provider and care team, institution, and societal levels.

Among the proposed solutions to the quality problem was the development and
perpetuation of health information technology (IT). Health IT, particularly electronic
health records (EHR), addresses the problem providers face in managing and processing
extensive amounts of information prior to recommending treatment for patients.
Proponents of health IT argue that it could “reengineer” the way the nation collects,
stores, and uses patient health information (Blumenthal, 2011; Hillestad et al., 2005).

Health IT could enhance human capabilities and reduce human errors. Additional



functionalities associated with EHRs, such as clinical decision support tools, also aim to
help ensure the provision of evidence-based care and improve patient health outcomes.

While information technology advanced in virtually every major economic sector
during the Digital Age, health IT adoption and use were comparatively sparse. Interest,
however, was high given the steady accumulation of research that suggested EHRs or
components of EHRs could benefit care processes and outcomes. To stimulate the mass
adoption of EHRSs, the US Congress allocated $29 billion to build a national health IT
infrastructure as part of the Health Information Technology for Economic and Clinical
Health Act of 2009 (HITECH). Enacted with incentives for EHR use and penalties for
non-use, HITECH aimed to accelerate the digitization of health care and establish
standards for the mounting number of products and vendors in the health IT market.
Indeed, HITECH achieved dramatic increases in adoption of EHRs. Among non-federal
acute hospitals, adoption of EHRs increased from 9% of hospitals having a basic EHR in
2008 to 96% in 2015 operating an EHR system that met the technical, functional, and
security requirements set forth by the Department of Health and Human Services
(DesRoches et al., 2013; Office of the National Coordinator for Health Information
Technology, 2016).

Electronic health records have also grown in physician offices, though at a slower
pace than hospitals. Adoption of basic systems in physician offices grew from 16.9% in
2008 to 50.5% in 2014 (Hsiao & Hing, 2014; Office of the National Coordinator for
Health Information Technology, 2015). As EHRs become more prevalent in physician
offices, this study has two main aims. First, the study describes EHR adoption in primary

care physician offices and examines the predictors for adoption. Primary care physicians



are responsible for providing continuous, comprehensive, and preventive care over a
patient’s lifetime.

The second aim of the study is to examine the associations between EHR
adoption with utilization of select primary care services that have documented quality
problems, namely, colorectal cancer screening (a service that may be underused) and
diagnostic imaging for head pain (a service that may be overused). To further understand
levels of adoption and associated effects of EHRs, this study stratifies EHR sophistication
by bundling functionalities that compose basic and advanced systems. Overall, findings
from this study describe the level of EHR adoption in an important delivery setting as
well as add to the knowledge-base of how EHRs may, or may not, be associated with

higher quality primary care.

Background

The amount the nation pays for health care is commensurate to neither the quality
of care that is delivered nor the superior health status of the population. In 2014, health
care spending in the United States totaled $3 trillion, an 87.5% increase from $1.6 trillion
in 2002 (US Census Bureau, 2016). Health care spending accounts for 17.5% of the
nation’s gross domestic product (US Census Bureau, 2016). Growing health care costs
are a result of a confluence of factors that include an aging population burdened by
chronic diseases, expensive drugs and technologies, a fee-for-service payment system
that creates stronger financial incentives to provide more care compared to the right care,
inadequate information for patients to make decisions and consider options laid out by
providers, and economic inflation (Bipartisan Policy Center, 2012; Institute of Medicine,

2001).



Dimensions of poor quality. High-quality care should be delivered based on the
best available medical evidence so patients have the greatest chance of maintaining or
improving health. The complex factors that contribute to problems in quality originate
from all levels of the health care system — individual patients and providers, units within
a hospital or outpatient clinic or practice, whole health systems, and national policies. In
its seminal report Crossing the Quality Chasm: A New Health System for the 21
Century, the Institute of Medicine (IOM) broadly categorized poor quality into three
dimensions: overuse, underuse, and misuse (Institute of Medicine, 2001).

Overuse occurs when resources and services have no added benefit to the patient
or, in some instances, increases the risk of harm. The IOM estimates that unnecessary
care could account for as much as a third of the $3 trillion in health care expenditures
(Institute of Medicine, 2010). More care does not necessarily lead to better health.
Patients in high resource use and high spending regions of the US had no better outcomes
than patients in other regions with the same conditions, adjusting for pre-existing health

status (Miller et al., 2011).

Assessing overuse requires guidelines for appropriate care, as well as some type
of measurement system. Research quantifying overuse spans procedures and services but
most commonly deals with antibiotic use for upper respiratory tract infections (URI),
coronary angiography (CA), carotid endartrectomy (CE), and coronary artery bypass
grafting (Korenstein, Falk, Howell, Bishop, & Keyhani, 2012). Guidelines for antibiotic
use for URI, CA, and CE are specific and unambiguous, which may explain why these
procedures are more frequently studied. Based on those guidelines, studies have found

that as high as 89% of antibiotics for URI, 22% of CA, and 10.6% of CE were provided



inappropriately (Korenstein et al., 2012). Overuse is not well-understood compared to
other dimensions of poor quality due in part to unclear or nonexistent clinical guidelines.
However, investigations of overuse are expanding into other areas beyond antibiotic use.
Researchers recently found that nearly half of outpatient department requests for lumbar
spine magnetic resonance imaging (MRI) scans were either inappropriate or of uncertain
value, based on evidence review and expert opinion (Emery, Shojania, Forster,
Mojaverian, & Feasby, 2013). These examples of overuse waste time, expose patients to
avoidable risks, waste resources and money spent on services as well as cause

downstream complications.

Among the factors that may contribute to overuse are patient and physician
preferences, unclear evidence-based guidelines, fear of allegations of malpractice, and
misaligned fee-for-service payment systems that incentivize more service delivery (Han
etal., 2013). In 2012, the American Board of Internal Medicine launched the Choosing
Wisely campaign to encourage patients and physicians to engage in conversations about
appropriate, evidence-based, treatments and diagnostics. Since its launch, Choosing
Wisely has partnered with over 70 medical societies to identify over 400
recommendations of overused tests and treatments that physicians and patients should
discuss (Choosing Wisely, 2016). For example, for patients who present with headaches,
Choosing Wisely recommends physicians to avoid neuroimaging for migraines and to use
MRI instead of computed tomography (CT) because MRI is more sensitive and poses less

harm from radiation than CT.

Underuse refers to the omission of medical services known to be beneficial to

patients. Although it may be in need of an update, the 2003 landmark study by RAND



researchers that found patients received recommended, evidence-based care only about
half of the time is still considered the best estimate for the incidences of underuse
(McGlynn et al., 2003). McGlynn and colleagues assessed the extent to which standard
procedures were followed for acute and chronic conditions that represented the leading
causes of medical burden — such as coronary artery disease and diabetes — and a
number of preventive care services (McGlynn et al., 2003). Preventive services reduce
the occurrence, severity, and progression of disease, such as regular pap smears for early
detection of cervical cancer (Starfield, Hyde, Gervas, & Heath, 2008). Deviations from
evidence-based guidelines could lead to worsening conditions or risk of death. For
example, substantial evidence indicates that coronary artery disease patients presenting
with myocardial infarction who do not receive beta-blockers are at a higher risk of death.
Yet less than a fifth of patients in a widely cited randomized-controlled study received
the heart medication (Soumerai et al., 1997). Patients were also not receiving adequate
preventive care in the primary care setting when these services could prevent or control
many serious illnesses (Lin, Hyman, & Larson, 2005; Pham, Schrag, Hargraves, & Bach,

2005).

Underuse stems from a variety of issues. For patients, lack of insurance and high
cost-sharing create financial barriers to care (Becher & Chassin, 2001). To encourage
patients to seek more preventive services, the Affordable Care Act included a provision
that eliminated copays for select preventive services and vaccinations recommended by
the US Preventive Services Task Force. On the physician side, keeping up with the influx
of clinical information and adapting to evolving standards of care can be extremely

difficult (Becher & Chassin, 2001). Even when clinical guidelines are clear, physicians



may resort to default preferences that are counter to recommendations (McGlynn et al.,
2003; Pham et al., 2005). Payment could also be a factor to underuse with relatively low
reimbursement rates for certain services, particularly preventive services (Pham et al.,
2005). Racial, ethnic, and gender disparities also exist where minorities and women may
receive less recommended care than white and male patients (Epstein et al., 2000;
Institute of Medicine, 2002; Schulman et al., 1999). Yet even when a physician does
everything right, a patient may still not receive adequate services if their care is shifted
among multiple providers who do not coordinate with each other to provide prompt and

seamless care (Becher & Chassin, 2001).

Misuse refers to medical errors that lead to avoidable complications or injuries.
The 10M estimated that up to 98,000 medical errors resulted in death every year among
hospitalized patients (Brennan et al., 1991; Institute of Medicine, 1999). A more recent
study that used data from 2008 to 2010 estimated over 400,000 premature deaths
associated with preventable harm to hospitalized patients — an average 133,333 deaths a
year (James, 2013). Some of the increase in James’ study compared to the IOM’s earlier
estimate was likely attributable to better tools for error identification in the modern study
(Brennan et al., 1991; James, 2013). Beyond study design, it is also possible that
preventable injuries increased because of the growing complexity of medical practice and
technology, increased incidence of infections of antibiotic-resistant bacteria, and overuse

of risky, revenue-generating procedures (James, 2013).

Health information technology. Taking in the totality of overuse, underuse, and
misuse, it is reasonable to conclude that poor quality is ubiquitous in the US health care

system. The multitude of factors that contribute to the problems include physician and



patient preferences, lack of knowledge, unclear or non-existent clinical guidelines, and
institutional and system level biases. Tackling the quality problem therefore requires a
multi-pronged strategy to redesign health care processes that addresses all of the levels
where problems originate.

Health information technology is a strategy, among many strategies to improve
health care quality, that specifically addresses the massive amount of information
physicians access and process. The combination of suboptimal physician knowledge,
increasingly complex medical information, and poor organization of patient information
is a key theme throughout overuse, underuse and misuse issues. Given the gaps in
information, the IOM and other authoritative bodies identified health information
technology! (IT) as a structural component that could help organizations improve patient
care by improving patient health information management.

Health IT broadly encompasses a system of hardware (e.g. computers, networks)
and software (e.g. programs, applications) that can be applied throughout processes of
care (Grossman, Powers, & McGinnis, 2011). In the early stages of health IT use, from
the 1960s to 1990s, applications predominantly helped streamline administrative
processes in hospitals. Practice management systems aided provider and patient
scheduling, patient check-in and check-out, and post-appointment follow-up. Billing
systems filed insurance claims directly from the clinic to the insurance payers.

Directly related to patient care, electronic health records (EHR), are increasingly
prevalent in care settings, replacing the longstanding use of paper records. Medical

records catalogue clinical events, observations, and analyses (Weed, 1968). All

1 The term Information technology is somewnhat interchangeable with information systems, communication
technology and informatics. This proposal will use the term health IT but recognizes that other researchers
may use different terms.



physicians are trained to use a problem-oriented medical record — an approach to
recording and managing patient health information that records specific problems, plans
of action to address the problems, and progress on each problem. Problem-oriented
medical records generally include problem lists, medication lists, allergy lists, provider
notes, and overall health information. For physician offices and hospitals, paper-based
records are cheap to acquire and easy to maintain on-site. Richard Dick et al summarized
five strengths of paper records in the IOM report, The Computer-Based Patient Record:
An Essential Technology for Health Care:
1. Paper records are familiar to users who consequently do not need to acquire new
skills or behaviors to use them;
2. Paper records are portable and can be carried to the point of care;
3. Once in hand, paper records do not experience downtime as computer systems do;
4. Paper records allow flexibility in recording data and are able to record "soft" (i.e.,
subjective) data easily;
5. Paper records can be browsed through and scanned (if they are not too large).
This feature allows users to organize data in various ways and to look for patterns
or trends that are not explicitly stated (Dick, Steen, & Detmer, 1997).
However, paper records fall short if they are not physically at the site of care or if they
are difficult to sift through, particularly for patients with extensive history or complicated
conditions (Hersh, 1995). The level of complexity of the record grows over time, making
it difficult to see stages of health, status, improvements, and problems. Since different
providers see and keep separate records for the same patient, relevant information from

one provider is not easily or instantly accessible to another provider (Hersh, 1995).



Sharing records among providers is cumbersome and usually involves copy and fax
machines. Fragmenting records across providers therefore increases the probability that
medical decisions are not made with all relevant information. Indecipherable handwriting
is another issue, particularly dangerous when it comes to prescriptions. Paper records also
impede the provision of clinical decision support systems that are triggered by data. Paper
records do not help providers integrate information or validate decisions against up-to-
date clinical information, such as flagging known drug-to-drug interactions. These
limitations of paper records contribute to avoidable and unnecessary challenges to
managing a single patient’s care as well as extracting population-level information.

Electronic health records, often referred to in research and practice as electronic
medical records, provide technological solutions that address some of the limits of paper-
based records. Fundamentally, EHR is a digital analog of a paper record. Digitizing
health information enables instantaneous retrieval of patient data and mitigates the
problem of illegible handwriting. More advanced EHRs allow further features such as
electronic entries for tests and prescriptions, clinical decision support, and
communication mechanisms between care providers and patients.

Truly optimal use of EHRs aims to decrease medical errors, increase collaboration
between providers and patients, and improve the use and development of artificial
intelligence that provide clinical decision support (Ebell & Frame, 2001). The road to
realizing optimal use, however, is dependent on intertwining historical, technological,
behavioral, economic, and care delivery factors.

A brief history of health information technology. The health care industry has

historically trailed government and other industries in the initial use and installation of

10



computers (Hannah, Ball, & Edwards, 1998). Only a few large hospitals and academic
medical centers used mainframe computers for administrative and financial purposes in
the 1960s. Installation of computers became more common in the 1970s after the
invention of the integrated circuit that allowed manufacturers to create smaller personal
computers (PC). The very first single-site EHR system was developed by the Regenstrief
Institute in 1972 to collect patient data in a diabetes care clinic (Murray, 2003). At that
time, the Internet was still a military research project called DARPAnRet.

By the 1990s, PCs were widespread and the Internet, or World Wide Web, was
open for public use, revolutionizing how organizations communicated, sought
information, and conducted business. The IOM report The Computer-Based Patient
Record: An Essential Technology for Health Care from the Committee on Improving the
Patient Record called for a paradigm shift in the way patient information was managed
and recommended further development of EHR systems. The IOM recommended the
industry to move away from traditional paper-based records that posed challenges for
care coordination among providers, ready access to patient information, and quality
measurement (Dick, Steen, & Detmer, 1997).

The majority of EHR systems in the 1990s were still predominantly used for
financial or administrative tasks, or for single clinical tasks such as e-prescribing. By the
time the IOM report was issued in 1991, the Veterans Health Administration had already
mandated the use of its EHR — the Veterans Health Information Systems and
Technology Architecture (VistA) — to streamline patient information across facilities

and gain efficiencies in care processes.
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Policymakers and proponents of EHRs began to look at health IT as a way to
improve patient care, in addition to improving financial and administrative efficiencies.
President Bill Clinton established by executive order the President’s Information
Technology Advisory Committee (PITAC) that advised the President, Congress, and any
other federal agencies on issues of networking and information technology (Saba &
McCormick, 2011). In the last Clinton years, a 1999 panel of the PITAC said the federal
government was not adequately researching the potential benefits of health IT on the
health care system and called for the Department of Health and Human Services (HHS)
to outline a comprehensive vision for health IT (Nagel, Chen, Gray, Kahn, & Reddy,
2001). The panel recommended federal funding for pilot and demonstration projects on
health IT applications and building a health IT infrastructure. Although the report
received some attention, no significant funding was immediately allocated to implement
the panel’s recommendations.

In his 2004 State of the Union address, President George W. Bush declared that
computerized health records could reduce medical errors, improve quality, and reduce
costs (Bush, 2004b; Hillestad et al., 2005). Later that year, HHS Secretary Tommy
Thompson and the newly appointed National Coordinator for Health IT David Brailer
unveiled the “Decade of Health Information Technology,” a ten-year plan for building a
new health IT infrastructure (Bush, 2004a). The plan broadly articulated steps for the
widespread adoption of EHRs and linkages of health information networks. The Office of
the National Coordinator for Health Information Technology (ONC) then began
establishing EHR standards on issues such as semantic interoperability, clinical coding,

privacy, and security.
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Congress made several attempts during President Bush’s term to pass legislation
that would fund health IT development. Each attempt failed, however, due to the absence
of political will. As a result, US spending on health IT remained low as other nations
more aggressively increased investments in the area. In 2005, the US spent only $0.43
per capita on health IT compared to $192.70 in the United Kingdom and $31.85 in
Canada (Anderson, Frogner, Johns, & Reinhardt, 2006). Private physician practices,
particularly small practices, were reluctant to adopt EHRs because of the high installation
and maintenance costs, difficulty choosing EHR products among the many that were
available, and the time it took to train staff to transition from paper records to EHRS
(Audet, Doty, Peugh, Shamasdin, & Zapert, 2004). The fee-for-service payment system
also did not incentivize providers to adopt EHRs. While physician practices and hospitals
had to bear the financial and opportunity costs of transitioning to EHRS, any benefits
from improvements in quality and reductions in cost were reaped by patients and payers
(Blumenthal, 2011).

Then, in 2009, a breakthrough in federal funding for health IT came at
unprecedented levels. At the start of his first term, President Barack Obama signed the
Health Information Technology for Economic and Clinical Health Act (HITECH) as part
of the American Recovery and Reinvestment Act of 2009 (American Recovery and
Reinvestment Act, 2009). The legislation, brought forth during a national economic
crisis, was intended to stimulate the economy and prevent a recession. Congress
appropriated $31 billion in HITECH — $2 billion for ONC to build a health IT
infrastructure and $29 billion for the Centers for Medicare and Medicaid Services (CMS)

to issue incentive payments for EHR use (American Recovery and Reinvestment Act,

13



2009). The notion was that building a health IT infrastructure would not only spur short-
term economic growth with new capital injected into industry but also promote scientific
and technical advances with potential long-term benefits for the American people
(Blumenthal, 2011). By giving Medicare and Medicaid providers extra payments for
using EHRs, the federal government also hoped to correct the market failures that put all
of the burden to install and use EHRs on providers with little reward.

A work in progress: moving electronic health records from promise to
realization. Digitizing health information in the US will be one of the great achievements
in recent health care history. Converting patient information into zeros and ones
fundamentally changes how information is managed and accessed. Automation of
clinical, financial, and administrative transactions is a critical component of the care
process redesign recommended by the IOM in Crossing the Quality Chasm (Institute of
Medicine, 2001).

As it has occurred in other industries, data systems are used to facilitate decision-
making and optimize business performance. In health care delivery, patient data could be
used to identify high-risk patients within a practice or hospital, track the progress of care
processes and health outcomes over time, and be used for research. For example, if a
provider wanted to quantify the number of blood sugar tests she delivered to diabetic
patients according to evidentiary guidelines, she could query a list from the EHR system
that includes all her diabetic patients and the last time a blood test was ordered.

Electronic health records also have the capability to integrate other software
components that help ensure accurate and appropriate care delivery (Bates, 2003).

Computerized physician order entry (CPOE) allows providers to electronically enter

14



instructions for medical staff or other departments responsible for fulfilling the order. A
form of CPOE is electronic prescribing (e-prescribing) that transmits prescription
information from the prescriber directly to the pharmacy. E-prescribing applications
mitigate the risks associated with illegible handwriting, feed into the patient’s EHR
medication list, interface with prescription drug benefit formularies, and check for drug
interactions with other drugs, foods, and allergies. A systematic review estimated e-
prescribing through CPOE decreased the likelihood for medication error — incorrect
drug or dosing that causes adverse drug events — by 48% in the hospital setting (Radley
et al., 2013). Electronic health record systems could also include clinical decision support
(CDS) with interactive programs that help providers perform complex tasks associated
with care management processes. Clinical decision support could include alerts
programmed according to evidentiary guidelines (Kawamoto, 2005). These tools help
providers make evidence-based choices for patients. For example, inappropriate use of
broad spectrum antibiotics for acute respiratory infections (ARI) in adults and children
declined by 16% among a group of primary care practices that implemented a CDS
system with guidelines for ARI antibiotic use (Litvin, Ornstein, Wessell, Nemeth, &
Nietert, 2013).

Data from EHRs can also feed into Web sites where patients log in to access their
own health records, communicate directly with clinic staff, and schedule appointments.
Enabling patients to have easy access to their own records may facilitate patient-provider
conversations, improve patient satisfaction, increase medication adherence, and reduce
errors in the record (Delbanco et al., 2012; Ross, 2003). Though studies have found

patient access to records as mostly beneficial, it could also sometimes lead to confusion,
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worry, offense, and concerns about information security (Delbanco et al., 2012; Ross,
2003).

Health IT infrastructure, particularly electronic health records and the ability to
send and share patient information, could support provider communication in team-based
models of care (Vest & Gamm, 2010). Team-based care involves a group of providers
who participate in and communicate with each other regularly about the care of a defined
group or panel of patients (Goldberg, Beeson, Kuzel, Love, & Carver, 2013). Team-based
care has been shown to improve communication between providers, reduce preventable
adverse drug errors, improve medication adherence, and reduce hospital inpatient stays
(Goldberg et al., 2013). This method of care is particularly effective for patients with
complex chronic conditions (Dorr et al., 2007). New models of payment and care
delivery — such as accountable care organizations and patient-centered medical homes
— rely on the use of health IT with team-based care (Dorr et al., 2007; Goldberg et al.,
2013). Providers could communicate with each other via EHR systems to develop a
comprehensive and coordinated care plan for a patient.

While general acceptance and support for health IT and EHRs build, there remain
many contingencies that must be overcome before the potential can be realized. Setting
up health IT and EHR systems requires substantial upfront and ongoing financial
investments for computers, internet service, and EHR service. Electronic health record
systems, on average, cost a practice $30,000 upfront and require annual fees up to
$10,000. Some of these investment decisions are not straight-forward — the choice for an
EHR system can be overwhelming as providers choose from hundreds of systems and

functionalities that might meet their clinical needs.
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Once an EHR system is adopted, managing the interface between the technology
and human users is also a challenge. Beyond purchasing, installing, and maintaining EHR
systems, providers and clinical staff also invest time to learn how to use the system and
adjust practice operations previously established around paper-based records. Integrating
EHRs — inputting, retrieving, and relaying patient information — into practice
operations and clinical workflow is central to realizing improvements in care delivery and
quality. While there is some evidence attributing EHRs to improvements in care, research
and reports also pointed to provider frustrations. A 2013 RAND mixed-method study
funded by the American Medical Association found the use of EHR was a dominant
factor that influenced the professional satisfaction of providers (Friedberg, 2013). For the
most part, providers approved of the concept of EHRs and its potential to improve care in
the future; but contemporary use of EHRs contributed to significant dissatisfactions.
Dissatisfaction came from worry about investing in expensive systems, poor usability, the
need to face the screen instead of patients in the exam room, templates that did not fit
with established clinical documentation habits, and the inability to communicate and
exchange information between EHR products (Friedberg, 2013). More broadly, providers
reported that use of EHRs impacted their ability to deliver high quality care, further
contributing to overall professional dissatisfaction (Friedberg, 2013).

Time-consuming data entry was a specific concern (Friedberg, 2013; McDonald
etal., 2014). A survey of American College of Physicians internists who used EHRs
found that they lost an average of 48 minutes of free time per clinic day compared to pre-
EHR days (McDonald et al., 2014). Specifically, 90% reported at least one data

management function was slower post-EHR adoption (McDonald et al., 2014). Two-
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thirds reported note taking took more time compared to paper-based records and one-
third reported it took longer to find and review health record data (McDonald et al.,
2014). Another barrier is the disruption to patient care during system upgrades and
difficulty utilizing performance tracking and quality functions (Goldberg, Kuzel, Feng,
DeShazo, & Love, 2012). For practices that can afford it, employing additional staff for
data entry and information management were successful workarounds to the pitfalls of
EHR use (Friedberg, 2013).

Another well-documented frustration among EHR users, as it relates to
computerized provider order entry and clinical decision support, is “alert fatigue.” Alerts
are meant to aid providers in clinical decision-making. Alert fatigue refers to providers
becoming desensitized to vital alerts due to an overabundance of alerts generated by an
EHR system (Carspecken, Sharek, Longhurst, & Pageler, 2013; Kesselheim, Cresswell,
Phansalkar, Bates, & Sheikh, 2011). Carspecken et al described the challenges of
incorporating clinical evidence in electronic drug alerts via a case study of a boy
experiencing respiratory stress and rash at Stanford pediatric intensive care unit. Over the
course of a month, clinical staff treating the boy overrode more than 100 drug allergy
alerts, confusing and complicating his treatment (Carspecken et al., 2013). Part of the
problem is that designers of EHR systems incorporate rigid alerts in part to meet
regulatory requirements and reduce their exposure to liability. However, the threat of
missing a rare event must be balanced with the dangers of burdening clinicians with
unnecessary and interruptive electronic alerts, the authors concluded (Carspecken et al.,

2013).
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Implementing EHR and EHR functionalities into clinical workflow would bridge
the gap between promise and realization of the benefits of health IT. It is important to
recognize that the frustrations with EHRs are likely from a multitude of factors including
imperfectly designed EHR systems and insufficient staff training. Vendors and engineers
are now focused on more user-centered designs and matching their products to provider
and patient needs.

Perhaps a greater challenge is facilitating health information communication
between providers. Health information systems are typically siloed within hospitals,
practices, pharmacies, and laboratories. Patients often have multiple specialists that may
operate within separate health systems. Furthermore, individual providers might use
different EHR systems that are not interoperable — in other words, Provider A caring for
a patient may not be able to access Provider B’s notes on the same patient if they are
using different EHR systems. Not having a patient’s complete medical history,
medication lists, or diagnostic results may lead to errors with prescriptions or
unnecessary duplication of tests (Bailey et al., 2013). Interoperability — that is, the
ability of two or more health IT systems to share and use information — is therefore
critical to achieve as it facilitates the sharing of medical information between a patient’s
providers so information is consistent in any health care setting (Garets & Davis, 2006).

One way to support interoperability is health information exchanges (HIE), a
platform to unify patient information (Vest & Gamm, 2010). Health information
exchange allows for the sharing of health information in a secure way that protects the
confidentiality of the patient. Health information exchange bridges information between

disparate EHR systems with each other as well as pharmacies, laboratories, or registries.
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The software can translate data from one system into a format that fits another. For

example, HIE algorithms can translate a field like “date of birth” in one EHR system into
“age” in another system. Although efforts to build local, state, and regional HIEs are not
new, the HITECH Act provided broad federal support for the creation of HIEs as the law

also requires EHR users to demonstrate interoperability.

Primary care and information management. Despite the mixed evidence and
varied perspectives around electronic health records, EHRs will undoubtedly become
integral in US health care. Primary care is an area many believe would benefit from a
well-functioning health IT infrastructure. As acceptance of the potential benefits of health
IT grew in the early 2000s, a collaborative group of primary care societies issued the

following statement:

“To provide all U.S. citizens with good quality, affordable health care, every

primary care provider must be given the opportunity of using an electronic

ambulatory information system, including a fully functional electronic medical

record and with ability to access needed clinical information at the time and place

of care.” — National Alliance for Primary Care Informatics, 2003

The paper, authored by David Bates and others in the Journal of the American
Informatics Association, argued that primary care provider needs for decision support
could only be met through the use of EHRs (Bates, 2003). The paper has since been cited
nearly 400 times and has been influential in subsequent efforts to articulate a roadmap for
EHR adoption in primary care.

Effective primary care is essential to ensuring a healthy population (Barbara

Starfield, Shi, & Macinko, 2005). The functions of primary care include serving as the
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first point of contact for new, chronic, and preventive health needs; delivering long-term,
person-focused care; comprehensively meeting all health needs except those whose rarity
renders it impossible for a generalist to maintain competence in them; and coordinating
care that must be received elsewhere (Barbara Starfield, 2008).

More people receive primary care than any other kind of care. Over 60% of the
approximately 1.1 billion ambulatory visits are primary care visits (Hing & Uddin, 2010).
Primary care is also unique in that it could be delivered in a number of ambulatory
settings. About 84% of those visits are in physicians’ offices, 11% in hospital outpatient
departments, and 5% in community health centersz (Hing & Uddin, 2010). Although
primary care could be delivered by providers across specialties, the majority specialize in
internal medicine, family or general practice, and general obstetrics and gynecology (S.
T. Edwards, Mafi, & Landon, 2014).

The comprehensive nature of primary care requires providers to manage an
extensive amount of patient and clinical information. Figure 1 illustrates the process
primary care providers use to manage information. The process involves gathering
information from patients, medical records, colleagues, and other relevant sources;
integrating the gathered information with the provider’s medical knowledge to develop
an action plan; and finally recommending and communicating the treatment and
diagnosis action plan to patients and colleagues (Ebell & Frame, 2001). Proponents of
using EHR in primary care argue that the human mind cannot gather, integrate, and

communicate the volume of medical information without technological aid (Bates, 2003).

2 Community health centers are federally funded clinics that provide primary care to underserved
populations regardless of the patients’ ability to pay.
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Figure 1. Flow of information in primary care (Bates et al, 2003)
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Adoption of EHRs. While some settings, such as hospitals, experienced faster
and more widespread adoption, EHR use was more modest among physician offices.
Prior to Health Information Technology for Economic and Clinical Health Act of 2009,
which allocated $29 billion to set standards for and require adoption of EHRs in health
care settings, health IT experts created consensus definitions of basic and advanced (also
known as comprehensive) EHR systems to study the rates, barriers, and facilitators of
adoption. Basic systems had a computerized system for maintaining each of the following
types of information: patient demographic characteristics, physician notes, nursing
assessments, patient problem lists, medication lists, discharge summaries, laboratory and
radiology reports, diagnostic test results, as well as computerized ordering for
medications. Advanced systems had fourteen additional clinical functions: advanced

directives, radiologic images, diagnostic test images, consultant reports, computerized
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provider-ordering for laboratory and radiologic tests, computerized provider-ordering of
consultation request and nursing order. An advanced system also had decision support of
clinical guidelines, clinical reminders, drug-allergy alerts, drug-drug interaction alerts,
drug-laboratory interaction alerts, and drug-dose support (Jha et al., 2009).

Use of any type of EHR was higher among primary care physician offices than
non-primary care physicians in surgical and other medical specialties (Hsiao, Hing, &
Ashman, 2014). Among traditionally primary care specialties (general and family
practice, internal medicine, pediatrics, and obstetrics and gynecology), researchers found
use of at least basic EHR systems grew from 14.5% in 2007 to 43.7% in 2012 (Hsiao et
al., 2014). Advanced systems grew from 4.7% in 2007 to 27.9% in 2012 (Hsiao et al.,
2014). Those practicing in large groups and in the western region of the US were more
likely to use EHRs (DesRoches et al., 2008; Xierali, Phillips, Green, Bazemore, & Puffer,
2013). The overall growth in adoption suggests that primary care physicians are
recognizing the value of managing patient information electronically. The increase in
adoption may also be in response to other efforts to improve care delivery, such as
establishing patient-centered medical homes (PCMH). Patient-centered medical home is a
team-based model of care where the primary care provider is the first point of contact for
patients and coordinates care across specialists. The goal is to improve health outcomes
by orienting care around the whole person. There are several accrediting organizations
for PCMH, including the National Committee on Quality Assurance and the
Accreditation Association for Ambulatory Health Care, that set standards for how care
should be organized around patients and how teams coordinate, track, and improve care.

Although EHRs are not required for PCMHS, having a system assists with tasks such as
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managing patient information across providers and tracking health progress over time.
Between 2008 and 2012, the number of practices participating in NCQA’s PCMH
Recognition program grew from 28 to 5,198 (NCQA, 2014). Insurance payers are also
using recognition as a measure of good quality care. Furthermore, EHRs are a
fundamental component of advanced payment and delivery models such as accountable
care organizations (ACO) that aim to improve population health management and involve
coordination between a broader set of providers.

Common barriers to adoption were cost, lack of knowledge, and workflow
challenges (DesRoches et al., 2008; Wright et al., 2013). Previous studies estimated that
implementing EHR systems can range from $30,000 to $50,000 per provider
(Bodenheimer & Grumbach, 2003; Fleming, Culler, McCorkle, Becker, & Ballard,
2011). The Michigan Center for Effective IT Adoption estimated upfront, yearly, and

five-year total cost for on-site and web-based EHR ownership3 (Table 1).

Table 1. Estimated costs of EHR ownership

Cost In Office Web-based
Estimated | Upfront | Yearly 5 Year Upfront Yearly 5 Year
Average Cost Cost Total Cost | Cost Cost Total Cost
Cost $33,000 | $4,000 $48,000 $26,000 $8,000 $58,000

Source: Michigan Center for Effective IT Adoption

Web-based EHRs typically require some form of fixed subscription cost whereas
practices that invest in one-site EHRSs pay for on-site support and management of data
servers. According to the ONC, there are five major cost considerations for adoption of

EHRs in ambulatory primary care settings (ONC HIT, 2015):

3 As posted on http://www.healthit.gov/providers-professionals/fags/how-much-going-cost-me. Access
date: May 9, 2015
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Hardware: Potential hardware costs may include database servers, desktop
computers, tablets/laptops, printers, and scanners.

EHR Software: Potential software costs include an EHR application, interface
modules (e.g. lab interface module), and upgrades to your EHR application.
Remember, software costs vary depending on whether you select an on-site or
web-based EHR deployment.

Implementation Assistance: Potential implementation assistance costs include IT
contractor, attorney, electrician, and/or consultant support; chart conversion;
hardware/network installation; and workflow redesign support.

. Training: Time and financial investments to train physicians, nurses, and office
staff before and during EHR implementation. Physicians, nurses, and office staff
need to understand how to use the EHR and associated hardware and how the
EHR will create new workflows for your practice.

Ongoing Network Fees and Maintenance: Potential ongoing costs include
hardware and software license maintenance agreements, ongoing staff education,
telecom fees, and IT support fees. In addition, organizations may need to hire new

staff, such as IT operations staff, clinical data analysts, or application analysts.

Understanding the challenges providers experience with implementing EHR, the

HITECH Act required ONC to establish a system of regional extension centers (REC) to

assist providers with choosing, implementing, and using EHRs. The Office of the

National Coordinator also established a Workforce Development Program to address the

shortage of health IT professionals who could work with providers, vendors, and RECs.

Furthermore, ONC facilitates a learning consortium for providers and health IT
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professionals that serves as a central hub for resources and a virtual space for peer-to-peer
learning between providers and health IT professionals as they navigate the early stages
of EHR implementation.

The rationale, implementation, and future of Meaningful Use. The passage of
the Health Information Technology for Economic and Clinical Health Act was
considered a transformational opportunity for health care providers to overcome the
challenges that had previously limited widespread adoption of electronic health records.
In 2011, the Centers for Medicare and Medicaid Services (CMS) established the
Medicare and Medicaid Electronic Health Record Incentive Programs to encourage
providers to adopt, implement, and upgrade EHRs. The incentive payments from CMS
are also tied to the providers’ ability to demonstrate “meaningful use” of the EHRS to
achieve pre-specified goals to improve quality, efficiency, and population health
management (Blumenthal, 2009; Buntin, Burke, Hoaglin, & Blumenthal, 2011).

According to the Office of the Nation Coordinator on Health Information
Technology (ONC), meaningful use is using certified EHR technology to (ONC, 2016):

e Improve quality, safety, efficiency, and reduce health disparities
e Engage patients and family

e Improve care coordination, and population and public health

e Maintain privacy and security of patient health information

The task to define and incentivize the meaningful use of a technology was
unprecedented in law, policy, and health care. Although providers are not unaccustomed
to reporting requirements — from regulators, payers, institutions, etc — the requirement

to use specific technology was a new concept. At the minimum, according to the law,
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providers with EHRs certified by the ONC had to demonstrate the use of e-prescribing,
information exchange, and electronic reporting of quality metrics. The secretary of HHS
then had the mandate and authority to further define the Meaningful Use program for
physicians and hospitals that serve Medicare and Medicaid patients, provide
specifications for implementation, and develop and enforce certification for EHR
technologies that meet Meaningful Use standards.

The HITECH Act set forth a conceptual approach for Meaningful Use and a
timeline for achieving it. Anticipating that providers would need time to adapt to the
technology, Meaningful Use was designed to be more demanding over time. Congress
expected the use of EHRSs to become more sophisticated and integrated into care delivery
over three stages with requirements at each stage that build upon the last. The original
timeline was:

Stage 1, 2011-2012: Data capture and sharing data

Stage 2, 2014: Advanced clinical processes

Stage 3, 2016: Improved outcomes
For those participating in the EHR Incentive Program, payments ranged from $44,000
over five years for Medicare physicians and $63,750 over six years for Medicaid
physicians. Physicians had some flexibility on when to start participating in the incentive
program. Penalties were leveraged on physicians who did not demonstrate Stage 1 by
2015 or transition from Stage 1 to Stage 2 within two years. Failure to meet Meaningful
Use requirements resulted in 1% reductions in Medicare and Medicaid reimbursements

and would escalate up to 3% by 2017 and beyond.
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Stage 1 of the EHR incentive program set the standard for basic functionalities of
EHRSs, broadly focusing on the provider’s ability to capture patient information. After a
comment period, CMS issued final Stage 1 rules in July 2010. The rules required
physicians, also known as eligible professionals, to meet 14 mandatory, or “core,”
objectives and five elective objectives from a “menu set” of ten (Appendix 1). In order to
receive payments, eligible professionals must go through attestation — the process of
proving to CMS that Meaningful Use requirements were met. Participants submit
documentation and measures’ values to CMS via an online portal over a 365-day
reporting period. Medicare started incentive payments in May 2011 for eligible
professionals who attested in April 2011.

Eligible professionals that met Stage 1 requirements and received incentive
payments had two years to meet Stage 2 requirements.4 To build on the demands over
time, most of the Stage 1 menu set objectives became core objectives in Stage 2. Stage 2
— set to be effective October 2013 but later delayed to January 2014 for eligible
professionals — focused on “advanced clinical processes” so it required providers to
meet 17 core objectives and 3 menu set objectives. Stage 2 also added two new menu set
objectives around secure patient-provider messaging and health information exchange
between providers and patients by giving patients secure online access to their health
information (CMS, 2012).

Despite the financial incentives and stiff penalties aimed at accelerating adoption,
Stage 2 uptake has been extremely slow. By early-2015, 127,815 eligible professionals

attested to either Stage 1 or Stage 2 — about a quarter of the 500,000 eligible

4 Those who started Stage 1 in 2011 had three years to meet Stage 2 requirements. All subsequent years
followed the two-year rule.
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professionals that registered in the Meaningful Use program (HIT Policy Committee,
2015). Multiple provider and health IT associations reported trouble with installing and
using EHRs for the first time, working with EHR vendors, complying with rigid CMS
reporting requirements, and using CMS’ attestation submission portal (Dan Bowman,
2014; Marla Durben Hirsch, 2014). In December 2014, CMS reported that 257,000
eligible professionals would be fined for failing to meet Meaningful Use standards in
previous years and that approximately 44,000 providers filed for hardship exemption
anticipating their inability to meet Meaningful Use requirements in 2015. Following the
reports of poor participation and looming penalties, the American Medical Association
(AMA) urged for the removal of penalties, shorter and more flexible reporting periods,
and a focus on interoperability of systems.

As issues with Meaningful Use compliance continued, a coalition of 42 medical
societies led by the AMA, directed letters to the secretary of HHS, director of the Office
of Management and Budget, and Congressional leadership in fall 2015, urging for a delay
in Stage 3 implementation due to the tremendous difficulty providers were still facing
with Stage 2 (EHRIntelligence, 2015a). Proposed rules for Stage 3 were set to take effect
in 2017, increasing requirements for health information exchange and patient
engagement. For example, eligible entities must demonstrate that a percentage of their
patients “actively engage” with their own records and use secure messaging functions to
communicate with their providers. Pressure on HHS to slow down Stage 3
implementation and modify Stage 2 requirements also came from Congress. John Thune
(R- SD), chairman of the Senate Committee on Commerce, Science, and Transportation,

and Lamar Alexander (R-TN), chairman of the Committee on Health, Education, Labor,
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and Pensions sent a letter to HHS Secretary Sylvia Burwell stating that the decision to
move forward with Stage 3 without first addressing the needs of providers in Stage 2
would be detrimental to the future success of the EHR Incentive Programs
(EHRIntelligence, 2015b). The senators sharply criticized the Office of the National
Coordinator for Health Information Technology for what they perceived as the office’s
inability to provide specifics on how EHR systems can achieve interoperability, how
providers should address the high cost of systems, and what ONC is doing to ensure
oversight, privacy and sustainability of the Meaningful Use program. They concluded:

“[O]ur nation’s health care providers are stuck with the huge cost of unwieldy

systems trying to conform to government mandates. They are stuck adopting EHR

systems which don’t fit into their established workflows. And if they actually

want to share their patients’ data, they are stuck with even more costs imposed by

vendors.”
Amid the criticism, in October 2015, CMS issued regulations modifying the Meaningful
Use program from 2015-2017. Notably, the agency reduced the reporting period from
365-days to 90-days and retired the Stage 1 designation. Despite repeated calls for delay,
CMS also issued regulations implementing Stage 3 of Meaningful Use. Set to begin in
2018, Stage 3 will include eight objectives, down from the previous 20 (EHRIntelligence,
2015c):

e Electronic prescribing

e Clinical decision support

e Computerized provider order entry

e Patient electronic access to health information
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e Protected patient health information
e Coordination of care through patient engagement
e Health information exchange

e Public health and clinical data registry reporting

Meanwhile, as EHR users and Meaningful Use stakeholders were grappling with
the EHR Incentive Programs, Congress passed the Medicare Access and CHIP
Reauthorization Act of 2015 (MACRA) in April 2015. This bipartisan landmark bill
created the Merit-based Incentive Payment System (MIPS), which consolidated the
quality measurement and federal incentive programs for Medicare physicians under one
framework. MIPS is a weighted scoring system with four domains, each with a set of
measures: Quality Activities, Clinical Improvement Activities, Advancing Care
Information, and Cost/Resource Use. Based on their MIPS score, Medicare physicians
may see positive, neutral, or negative payment adjustments of up to four percent to

payments in 2019 based on their 2017 performance.

When CMS issued final rules for MACRA in October 2016, the agency aligned
the Advancing Care Information domain of MIPS with Stage 3 Meaningful Use
requirements. This created some confusion among providers, policymakers, and industry
observers about whether MACRA brought an end to Meaningful Use. In reality, at least
in the short term, Meaningful Use will still apply to Medicare hospitals and all Medicaid
providers. The future of the Meaningful Use, however, is unclear as government officials
have indicated a desire to dim the program over time. The general consensus, including

the CMS Acting Administrator Andy Slavitt, was that although Meaningful Use was
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successful in increasing EHR adoption it was not as effective in improving the clinical
experience of providers or care for patients. The nation’s strategy to use EHRs to

improve care, therefore, would continue to evolve under MACRA.

Specific Aims

The purpose of this study is to describe the prevalence and characteristics of EHR
adoption in ambulatory primary care physician offices and quantitatively assess the
association between EHRs systems and aspects of primary care with the following
specific aims. This study uses the National Ambulatory Medical Care Survey (NAMCYS)

of office-based physicians from 2007-2012.

Specific Aim (1): To describe the presence of EHRs, using consensus definitions of
basic and advanced systems, during primary care physician office visits. The NAMCS
datasets provide details of the functionalities of electronic health records, if present,

within the clinics.

Specific Aim (2): To examine the probability of primary care physician office visits that
involved an EHR by provider and patient characteristics. Multivariable logistic
regression analyses was used to determine the relationships between the characteristics

and levels of EHR adoption including less than basic or none, basic, and advanced.

Specific Aim (3): To assess the association between EHRs and the primary care
delivery of colon cancer screening. This study examined the provision of colonoscopy
— aservice that is highly effective in detecting colon cancer yet underused in primary
care — as it relates to EHRs. There is no known study of the relationships between

different levels of EHR systems and colonoscopy in primary care.
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Specific Aim (4): To determine the potential mediating effect EHRs have on increasing
of odds of colonoscopy among non-white primary care patient visits. Non-white patients
may receive fewer colonoscopies than white patients. EHR systems that have clinical

decision support tools alerting providers to perform such screenings could reduce the gap.

Specific Aim (5): To determine the association between EHRs and advanced imaging
utilization for visits with head pain. MRI and CT scans are overused methods of
assessing head pain in patients. These tests expose patients to radiation, contrast-dye
allergies, and other risks. EHR systems may include tools or cues that steer providers
toward recommended procedures. This study examined whether EHR systems are

associated with reduced use of imaging.

Significance and contribution of this study

The health care system is amidst a shift from paper to electronic health records.
Federal funding to stimulate the adoption of EHRs was based on the assertion that EHRs
will improve processes of care and health outcomes. Primary care in particular is
essential to maintaining and improving population health. Examining the impact of EHRs
in the context of increased adoption will inform policy and decision makers on how best
to deploy the technology in a way that will benefit patients.

To the author’s knowledge, this study is the first to describe the extent to which
basic and advanced EHRs are present in primary care visits and the factors of adoption.
Specific to the provision of primary care, this study assesses the associations between

EHR systems and primary care services that were exemplary with issues in quality.
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Chapter II: Literature Review

Research examining the relationship between health IT and aspects of care has
expanded over the past decade. The majority of studies evaluated aspects patient and
provider satisfaction with using EHRs at the point of care, whether EHRs were associated
with improvements in processes of care, and whether EHRs had demonstrably positive
impact on certain health outcomes. As the number of studies increased over the years, the
quality of the studies remained an issue. Published articles tended to lack sufficient detail
of the health IT component of interest and the organizational context in which the
implemented health IT intervention. Further contributing to the non-generalizability of
the findings, the majority of studies linking health IT components to quality
improvements were set within a closed health system; the findings may not be relevant to
other institutions with different organizational structures and provider characteristics.
Despite the flaws, the volume of the studies provides some sense of the overall trends of
the relationship between health IT components and quality. Given the specific research
aims of this proposed study, the following literature review focuses on health IT effects
on adherence to clinical guidelines in the primary care setting.

There have been five systematic reviews of the literature since 2005 that
summarized the available evidence at the time. Examining studies from 1995 to 2004,
Chaudhry et al found that nearly all of the health IT systems were developed, or
“homegrown,” within institutions that were early health IT implementers (B. Chaudhry et
al., 2006). Twenty-four percent of the 257 studies came from four benchmark

institutionss. Overall, Chaudhry and colleagues found the major effect of health IT on

5 Early implementers of health IT were the Regenstrief Institute, Brigham and Women’s Hospital/Partners
Health Care, Department of Veterans Affairs, and LDS Hospital/ Intermountain Health Care.
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process of care was enhanced adherence to preventive care guidelines through CDS that
were embedded in either EHR or order entry systems (B. Chaudhry et al., 2006).

Following-up Chaudhry’s review, Goldzweig et al analyzed 197 studies published
between 2004 and 2007. This systematic review continued to report single-center studies
but saw a slightly higher proportion of new health IT implementers and those using
commercial, off-the-shelf, systems (Goldzweig, Towfigh, Maglione, & Shekelle, 2009).
Studies that examined CDS use among new health IT implementers also found modest
improvements in adherence, suggesting that benefits from CDS previously reported
among health IT leaders may be more generalizable (Goldzweig et al., 2009).

A review of literature published between 2007 and 2010 found higher numbers of
studies examining EHRs, CPOE, and CDS since Goldzeig’s review (Buntin et al., 2011).
Buntin and colleagues found 92% of the 154 studies reported positive relationships
between health IT and reported outcomes (Buntin et al., 2011). Buntin and colleagues
suggested that studies assessing “more complete EHRs” were more likely to reach more
positive findings compared to specific health IT tools (Buntin et al., 2011). However,
Buntin did not define what “more complete EHR” entailed. As with reviews by Chaudhry
and Goldzweig, Buntin pointed out that most of the studies lacked information about the
specific components of the intervention as well as criteria for outcomes measurement.
This issue further hinders a reviewer’s interpretation and analysis of results and
contributes to the relatively vague conclusions.

The most recent systematic review of health IT literature was prepared for ONC
in 2014 by researchers at RAND Corporation (Jones, Rudin, Perry, & Shekelle, 2014).

Jones and colleagues searched articles published between 2010 and 2012 using criteria

35



similar to Chaudhry, Goldzeig, and Buntin with added searches for specific Meaningful
Use components. Jones found, overall, the 236 studies in the review evaluating the effects
of health IT on quality, safety, and efficiency reported some positive results. The majority
of single-center studies focusing on CDS designed to improve adherence to clinical
guidelines in the ambulatory care setting showed positive results, particularly for
preventive screenings (Jones et al., 2014).

Dejesus et al found rates of osteoporosis screening — an underused service
among women aged 65 or older — improved by 4% at the Mayo Clinic (DeJesus et al.,
2012). The pre-post analysis was a result of the clinic’s implementation of a CDS for
osteoporosis screening. The clinic used a generic rules-based application that was coded
to automatically check for prior bone density tests for a patient at the point of service
(DeJesus et al., 2012). Another study at the Mayo Clinic using the same CDS platform as
the osteoporosis intervention found rates of abdominal aortic aneurism screenings
increased by 12.6% after implementing the software system (R. Chaudhry et al., 2012).
At the Cleveland Clinic, an alert set up to remind providers to order alpha-antitrypsin
deficiency tests for patients whose pulmonary function tests show airflow obstruction
increased AAD testing fourfold, from 4.7% to 19.1% after the alert was implemented
(Jain, 2011).

Using the National Ambulatory Medical Care (NAMCS) and National Hospital
Ambulatory Medical Care Surveys (NHAMCS) from 2005 to 2007, Romano assessed
EHR and CDS associations with higher quality care (Romano & Stafford, 2011). The two
surveys together provide a nationally representative sample of ambulatory visits in

hospital outpatient and emergency departments and physician offices. Romano first
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described that EHRs were present in 30% of ambulatory visits in the US and CDS was
present in 57% of those visits. A set of 20 quality indicators were used to analyze quality
of care. The indicators fell into five categories.s Better performance on the indicators was
defined as greater proportion of visits associated with guideline-based care. Based on the
20 indicators, Romano and colleagues did not find that EHR and CDS were consistently
associated with higher quality care compared to visits without EHR. Only “diet
counseling for high-risk adults” had higher odds for visits with EHR than non-EHR.
Visits with EHR and CDS were only more likely to provide “routine electrocardiogram
for low-risk patients” compared to EHR visits without CDS. Romano posited that the
lack of statistical power for many of the quality indicators contributed to the lackluster
findings. In addition, although the surveys offer a nationally representative sample of
ambulatory visits, they lack many details about the EHR and CDS systems that may have
explained the findings (Romano & Stafford, 2011).

Tundia et al found more positive results using 2007 and 2008 NAMCS data to
examine whether EHR had effects on preventive services for women such as breast exam,
pelvic exam, cholesterol tests, bone mineral density test, pap test, chlamydia test, blood
pressure test, mammography, flu vaccinations, education about nutrition and diet, and
education on exercise. The researchers classified EHR systems as non-existent, minimal,
basic and fully functional based on the available functionalities of the facility reported as
present in their EHR systems if they had one. Basic systems were classified as having

electronic forms of patient demographics, laboratory results, imaging results, and clinical

6 1) Pharmacological management of common chronic diseases, including atrial fibrillation, coronary
artery disease, heart failure, hyperlipidemia, asthma, and hypertension; 2) appropriate antibiotic use in
urinary tract infection and viral upper respiratory infections; 3) preventive counseling regarding diet,
exercise, and smoking cessation; 4) appropriate use of screening tests for blood pressure measurement,
urinalysis, and electrocardiography; and 5) inappropriate prescribing in elderly patients.
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notes. Systems with one to three of those functions were considered minimal. Systems
with all of those functions plus electronic orders for prescriptions, orders for tests, out of
range levels highlighted on laboratory results, reminders for guideline-based
interventions, and medical history/follow-up notes accompanying clinical notes were
considered fully functional (Tundia et al., 2013). Tundia and colleagues found that only
5.46% of visits with women aged 21 years or older were associated with fully functional
EHRs. However, breast examination rates for women in offices with those fully
functional EHRs were nearly 45% compared to 20% in offices without an EHR (Tundia
et al., 2013). Pap, chlamydia, cholesterol and bone mineral density tests were also more
frequent in visits with fully functional EHRs compared to basic, minimal or non-existent
EHR.

Furukawa also used 2006 and 2007 NAMCS to assess EHR relationship with
efficiency with screening and diagnostic services. Furukawa found the relationships
between EHR and utilization differed by type of service and reason for visit. There was a
strong relationship with diagnostic and screening services during visits for a new problem
or chronic care, as opposed to preventive visits. Electronic health record use was
associated with lower utilization radiology procedures (mammography, bone mineral
density, MRI/CT/PET, ultrasound, etc) and higher health education (M. Furukawa, 2011).
This study is useful insofar as describing the rates and associations between EHR and
office-based ambulatory services. The study, however, did not account for patient
information that could inform whether the services were appropriately provided to a

given population.
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Primary Care Services of Interest

This study focuses on two primary care services: 1) the provision or order of
colonoscopy to prevent colorectal cancer (CRC) and 2) the provision or order of
advanced imaging for head pain. These two services were chosen because poor uses of
them are frequently illustrated as failures in health care effectiveness and efficiency, two
IOM dimensions of quality.

Colorectal cancer screening and colonoscopy. Colorectal cancer is the second
leading cause of cancer-related deaths and the third most diagnosed cancer among men
and women in the US (CDC, 2010). The American Cancer Society (ACS) estimated
about 71,830 men and 65,000 women will be newly-diagnosed in 2014 as an estimated
26,270 men and 24,040 women die from the disease the same year (American Cancer
Society, 2014). Overall, incidence and mortality rates have declined by 30% between
2000 and 2010 (Siegel, DeSantis, & Jemal, 2014). Each year, CRC incidence decreased
for both men and women by 3.8% and 3.2%, respectively (B. K. Edwards et al., 2010).
Death rates, too, declined annually by 3.0% for men and women overall. Black and
Hispanic men experienced less decreases in incidence and mortality compared to white
men. Decreases in incidences of CRC in black and Hispanic women were also slightly
lower compared to white women. However, while decrease in mortality among Hispanic
women was less compared to white women, black women experience more decreases in
mortality compared to white women (B. K. Edwards et al., 2010).

For average-risk individuals?, CRC arises from adenomatous polyps that progress
to adenocarcinomas. Major studies have consistently found that early detection and

removal of polyps were highly effective in preventing incidence and death (CDC, 2012;

7 No personal or family history of CRC.
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B. Levin et al., 2008; Whitlock, Lin, Liles, Beil, & Fu, 2008). Results from the National
Polyp Study (NPS)—a multi-center post-polypectomys surveillance study that began in
1980—rprovided the first clinical evidence quantifying the impact of colonoscopy in
preventing CRC (Winawer et al., 1993). The NPS randomly assigned patients with one or
more polyps removed between 1980 and 1990 to more or less frequent follow-up
examinations. Compared to three reference groups, two cohorts of patients who did not
have polyps removed and one general population registry, participation in the NPS
reduced incidence of CRC up to 90% (Winawer et al. 1993). In terms of preventing
death, a subsequent study following NPS participants a median of 15.8 years found a
53% reduction in mortality compared to the 25.4 expected deaths from the general
population (Zauber et al., 2012).

The US Preventive Services Task Force (USPSTF) recommends adults 50 to 75
years old receive either fecal occult blood testing® (FOBT) every year, sigmoidoscopy
every five years with FOBT every three years, or colonoscopy every ten years if baseline
results were negative (Whitlock et al., 2008). Public health advocates often emphasize
that any type of screening is appropriate compared to no screening at all. Colonoscopy,
however, is most common. Colonoscopy involves inserting a thin and flexible tube into
the colon to allow for the easing of a small light and video camera that transmits images
onto a TV screen. Polyps are identified and removed by polypectomy during the
procedure. Nationally, the CDC estimates colonoscopies are used 60.3%, FOBT 11.7%

and sigmoidoscopy 1.3% (CDC, 2012). In single-center studies, colonoscopies may

8 Surgical removal of a polyp.

9 Sigmoidoscopy is another form of endoscopy that extends to half of the colon, whereas colonoscopy
allows for the inspection of the entire colon. The FOBT is used to detect small amounts of blood from
ruptured blood vessels on polyps that would otherwise not be visible in the stool.
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represent up to 90% of all screenings (Ornstein, Nemeth, Jenkins, & Nietert, 2010; Weiss
etal., 2013).

There are several clinical advantages to colonoscopy. One clinical study found
colonoscopies were effective in detecting colonic neoplasms in asymptomatic adults that
were otherwise undetectable by sigmoidoscopy (Lieberman et al., 2000). Providers also
prefer to perform or recommend colonoscopies (Klabunde et al., 2009; B. Levin et al.,
2008). In a 2006-2007 survey of 1,266 primary care physicians, 95% expressed the belief
that colonoscopy is very effective in preventing CRC death while only 12% and 16%
perceived FOBT and sigmoidoscopy as very effective, respectively (Klabunde et al.,
2009). In practice, sigmoidoscopy has largely been abandoned in practice because
physicians fear liability when using non-preferred tests and because of low
reimbursement rates in comparison to colonoscopy?° (Klabunde et al., 2009). Providers
also prefer colonoscopy because polyps can be identified and removed in one procedure.
By contrast, positive results from sigmoidoscopy and FOBT would both require a follow-
up colonoscopy and polypectomy. Apart from the USTSPF, some professional societies
such as the American College of Gastroenterology and the American College of
Obstetricians and Gynecologists, have issues practice guidelines that prefer colonoscopy
over other screening methods (ACOG, 2007; Rex et al., 2009). The Affordable Care Act
listed colonoscopy as an essential health benefit and required insurers to cover the
procedures without copay for average-risk, asymptomatic populations (Kaiser Foundation

Foundation, 2011).

10 1t is important to note that colonoscopies are not without risk. The CDC estimates that procedure-related
adverse events occur in 2 out of every 1000 colonoscopies.
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Even with the abundance of evidence of the effectiveness of screening and
recommendations from government agencies and professional societies, only about
64.5% of adults 50 to 75 years old received any type of screening in 2010. Though the
percentage has grown from the 40% screened in 2000 it is still short of Healthy People
2020’s goal of 70.5% or the CDC’s goal of 80% by 2014 (CDC, 2009; HHS, 2010).
Previous studies have found that increased age (50<age<65), marriage, white race,
insurance coverage, increased education status and income, and comorbidities were
among the predictors for screening (CDC, 2012; Chao et al., 2004; Meissner, 2006;
Weiss et al., 2013; Yano, Soban, Parkerton, & Etzioni, 2007). Common comorbidities
studied were hypertension, diabetes mellitus, and congestive heart failure. Some studies
found either men or women were more likely to be screened while other studies found no
gender differences (CDC, 2012; Chao et al., 2004; WEeiss et al., 2013). Since CRC
screenings are usually initiated on the recommendation of a primary care provider,
individuals who report that they consider a clinic their usual source of primary care are
more likely to receive screenings (CDC, 2012; Ornstein et al., 2010). In examining clinic-
level factors, an analysis of 97 primary care providers practicing within 19 outpatient
clinics in a large academic physician group in Wisconsin found clinics that were hospital-
owned and closer to the nearest colonoscopy facility were more likely to complete CRC
screenings (Weiss et al., 2013).

Individual-level barriers include lack of knowledge of the value of screening,
embarrassment or fear of discomfort from the procedures, lack of recommendation from
the provider, confusion about which screening test to choose and cost (Beydoun &

Beydoun, 2008; CDC, 2012; Inadomi et al., 2012; Pollack, Blackman, Wilson, Seeff, &

42



Nadel, 2006; Shokar, Carlson, & Weller, 2008). Colorectal cancer screening and deaths
are also impacted by racial and socioeconomic disparities (American Cancer Society,
2014). Even after adjusting for education, income, insurance status, and usual source of
care, Black and Hispanic individuals were still less likely to be up-to-date on screenings
(Meissner, 2006; Pollack et al., 2006; Shokar et al., 2008). Blacks have less knowledge of
CRC and received less doctor’s recommendations compared to whites (Dimou, 2009). At
the provider-level, survey data found only 15% of primary care providers using outreach
mechanisms to remind patients about screenings, 12% received audits of their screening
rates, and a third used chart reminders (Klabunde et al., 2009).

Several studies evaluated quality improvement initiatives that aimed to reduce
screening gaps. A two-year group randomized study involving 32 primary care practices
in 19 states found that practices that combined EHR based audits with practice site visits
and best-practice dissemination on CRC screening experienced greater improvements in
CRC screenings and recommendations for screenings (Ornstein et al., 2010). A pilot test
in Utah among seven practices that served 100,000 patients found that baseline
colonoscopy referral rate of 6% increased slightly after implementing provider education
and EHR reminders but increased up to 13.4% after assigning medical assistants to
review patient’s CRC screening status, initiate discussions about screening options, and
prepare orders for colonoscopies (Baker et al., 2009). The only published study using a
nationally representative sample found that EHRs and e-reminders did not modify racial
differences in colonoscopy rates. However, the study only included primary care
practices that responded to having an EHR system and an e-reminder system with the

EHR (R. G. Mishuris & Linder, 2014). The study did not examine further functionalities

43



—such as patient history or computerized physician order entry — that could be
associated with higher colonoscopy rates.

Head pain and imaging. Headache — a diffuse pain in various parts of the head
that is not confined to the distribution area of a nerve — is the most commonly reported
neurological symptom (Frishberg et al., 2000; Holle & Obermann, 2013). The majority of
headaches, which include migraines, cluster and tension-type headaches, are classified as
primary headaches and do not typically have an underlying pathology. Secondary
headaches caused by tumor, aneurysm, hemorrhaging, inflammation of blood vessels, or
other serious diseases that warrant neuroimaging are much less common (Frishberg et al.,
2000). Over the past decade there have been increased efforts to reduce neuroimaging,
either computerized tomography (CT) or magnetic resonance imaging (MRI), for patients
with headaches. The CT produces images of sections of the brain using x-rays whereas
the MRI produces detailed images of various planes of the brain by combining magnetic
force with radio waves. Use of CT for the Medicare population grew by nearly 18% in
physician offices and 9% in outpatient departments between 2000 and 2006. MRI use
grew 15% in physician offices and 11% in outpatient departments during the same
timeframe (D. C. Levin, Rao, & Parker, 2012).

Despite the increased use for advanced imaging, studies have found that
somewhere between 20% to 50% of advanced imaging in the U.S. were unnecessary and
not clinically useful (Gimbel et al., 2013; Lehnert & Bree, 2010; Rao & Levin, 2012). In
California emergency departments, use of CT more than doubled for patients with no
serious injuries between 2005 and 2013 (Tong, Staudenmayer, Lin, & Hsia, 2016). After

reviewing 459 elective outpatient CT and MRI examinations ordered by primary care
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providers, Lehnert et al found that 26% were considered inappropriate tests according to
appropriate criteria developed by the American College of Radiology (Lehnert & Bree,
2010). Specifically, 62% of head CTs and 13% of brain MRIs ordered for headache were
inappropriate (Lehnert & Bree, 2010). This study suggests that head CTs are the most
common inappropriately ordered out of all advanced imaging tests. Using NAMCS data,
Callaghan et al, found that neuroimaging took place in 12% of patient visits, presumably
against guidelines, where there were no risk factors for intracranial pathology.

An expert panel review conducted by the American College of Radiology found
reported that the diagnostic yield of CT use in patient with atraumatic headache but
normal neurological examination at only 0.4% of patients with headache and 2.4% of
patients with unspecified headache (Jordan, 2007). Similarly, a meta-analysis of 11
studies found that <0.2% of patients with normal neurological examinations and
diagnosis of migraines also had an intracranial abnormality found using neuroimaging
(Frishberg et al., 2000). As a result of the growing body of evidence of inappropriate use
of imaging, a workgroup of the American College of Physicians identified neuroimaging
for patients with recurrent migraines and normal neurologic examinations as one of a list
of services where the benefits are not justified by the costs and harms (Qaseem et al.,
2012). Similarly, the American Board of Internal Medicine’s Choosing Wisely campaign
also identified imaging for headache in patients without risk factors for structural
problems as a specific imaging test that is believed to be overused (Rao & Levin, 2012).

Physicians weigh the necessity of a scan with various considerations. The
foremost reason to recommend neuroimaging is to detect an underlying pathology.

However, neuroimaging may be ordered to relieve patient anxiety. Patients themselves
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may request or insist on neuroimaging (Rao & Levin, 2012). Physicians also order tests
to be sure they did not miss anything in the physical and neurological examinations.
Finally, physicians may also have concerns about malpractice liability and litigation if
they do not recommend neuroimaging (Rao & Levin, 2012).

Inappropriate neuroimaging can expose patients to a number of risks. Exposure to
radiation from neuroimaging can lead to small increases in cancer risk (Brenner & Hall,
2007; Sodickson et al., 2009; Stein et al., 2010). Sodickson et al found that accumulated
doses of radiation from recurrent CTs increased lifetime risk of cancer by 1% (Sodickson
et al., 2009). Adverse reactions to contrast dyes used to produce clearer images can also
occur. Possible reactions range from minor hives to asthma and renal failure. Contrast-
induced kidney failure is the third leading cause of hospital-acquired acute renal failure
(Finn, 2006). Finally, failure positives or inconclusive results can cause unwarranted
stress on patients (Frishberg et al., 2000).

Educating patients and providers about the risks associated with imaging may
reduce patient requests and provider orders, respectively. Baumann et al found that 70%
of 1,168 patients with abdominal pain had poor understanding of the amount of radiation
CTs release and associated cancer risk (Baumann et al., 2011). In a double-blinded
randomized-controlled trial, Gimbel et al found that physicians who initially ordered CT
changed their order after they were presented with radiation/health risk information
(Gimbel et al., 2013). The researchers, however, found physicians did not change orders
after they were presented with appropriateness criteria (Baumann et al., 2011). Evidence-
based guidelines are not always followed in clinical practice. Some providers lack

awareness of the guidelines, disagree with their effectiveness, or are unable to overcome
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established practice patterns (Forseen & Corey, 2012). In some cases patient requests or
fear of liability also prevail over guidelines (Forseen & Corey, 2012; Frishberg et al.,
2000; Rao & Levin, 2012).

Efforts to increase clinically appropriate neuroimaging, and reduce unnecessary
tests, have recently focused on incorporating technology at the point of care. Clinical
decision support tools that are linked to CPOE within an EHR system have the unique
opportunity to provide real-time feedback to providers at order entry. Systems targeting a
broad range of indications and procedures could vary in the degree of control the system
has over provider orders. A CDS and CPOE system could simply display guidelines and
other information to the provider or require certain indications to be present or absent for
orders to go through. Figure 2 shows the CDS system used at Virginia Mason Medical

Center.
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Figure 2. Sample CDS system. Source: Blackmore et al.
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Research and data on the effectiveness of CDS and CPOE in reducing imaging,
particularly neuroimaging, are limited. Furthermore, existing studies used different EHR,
CDS, and CPOE systems for the intervention. A time-series analysis of the growth rate of
outpatient CT, MRI and ultrasound volume over seven years in a metropolitan outpatient
medical center found that annual growth rates of imaging utilization significantly
decreased after linking a CDS to the CPOE (Sistrom et al., 2009). Growth rate of CT in

particular decreased from 12% to 1% after the intervention (Sistrom et al., 2009).
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Blackmore et al found that a CDS system targeting CT and MRI tests significantly
reduced the rate of sinus CT, lumbar MRI and head MRI (Blackmore, Mecklenburg, &
Kaplan, 2011). Researchers found no change in the rate of head CT, the control group
that was not included in the CDS, during the study period — validating the finding that
CDS could reduce targeted imaging rates (Blackmore et al., 2011). In addition to the
promising positive impact of CDS and CPOE in EHRs, simply having immediate access
to patient medical history may also benefit both the provider’s ability to assess the
clinical appropriateness of the test as well as his/her ability to interpret results (Franczak

et al., 2014; Frishberg et al., 2000; Rao & Levin, 2012).
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Chapter I11: Methodology

Study Design

This study is a retrospective, cross-sectional analysis of EHR adoption and its
associations with primary care services using the National Center for Health Statistics’
National Ambulatory Medical Care Survey of office-based physicians. This study 1)
describes the prevalence of EHRs during ambulatory primary care visits, 2) examines
patient and physician demographics associated with EHR adoption, and 3) investigates
the associations between EHR and delivery of select services by primary care physicians

in the office setting.

Research Questions and Hypotheses
This study examines the following research questions and hypotheses.
1. What is the prevalence of EHRs in primary care physician office visits between 2007
and 2012?
Hypothesis 1.1: Overall, the adoption of any level of EHR system during the

timeframe increased.

Hypothesis 1.2: Despite the increase in EHR adoption, the majority of practices

still have less than basic EHR or no EHR.

Hypothesis 1.3: The rate of increase in adoption is greater for basic EHR systems

compared to advanced EHR systems.

Rationale 1: Previous studies have found 14.5% of physicians of typically
primary care specialties (i.e., general internal medicine) had basic EHRs in 2007,

increasing to 43.7% in 2012 (Hsiao et al., 2014). Although adoption of any EHR
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increased, more physician offices adopted basic systems compared to those with

advanced functionalities.

2. What is the relationship between patient and physician characteristics with basic and

advanced EHR systems during primary care physician office visits?

Hypothesis 2: The presence of EHR systems in ambulatory primary care clinics is
significantly associated with patient and provider characteristics, perhaps more
strongly associated with the latter. Clinics in large group practices and urban
locations are more likely to have EHRs. Uninsured and non-white patients are less

likely to be associated with primary care visits with EHRs.

Rationale 2: Using ambulatory care data from 2005 and 2006, Hing and Burt
found that greater EHR adoption in primary care clinics was associated with large
physician practices compared to solo practices, a privately insured patient
population compared to uninsured, and white compared to non-white patients

(Hing & Burt, 2009).

3. Do EHRs increase the likelihood of the delivery of colorectal cancer screening (via

colonoscopy) during primary care office visits?

Hypothesis 2: Controlling for confounders, visits with advanced EHRs would
have higher odds of a CRC screening compared to visits with less than basic or no

EHR.
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Rationale 2: Smaller scaled studies found that using information generated from
EHRs increased CRC screening (Baker et al., 2009; Ornstein et al., 2010).
Although a study using a nationally representative sample of primary care
physicians did not find an association between e-reminders and increased
screenings, this study will examine the association between a broader array of

EHR functionalities and CRC screening (R. G. Mishuris & Linder, 2014).

4. Do EHRs have a mediating effect on reducing the racial gaps in colonoscopies?
Hypothesis 3: Controlling for confounders, advanced EHRs increased the odds of

white patients receiving colonoscopies.

Rationale 3: Advanced EHR systems with decision support in addition to basic
functionalities may be associated with more CRC screenings. Although Mishuris
and Linder did not find that EHRs and e-reminders increased the likelihood of
non-white patients to be screened for CRC, the study defined EHR adoption as
any clinic that answered affirmatively to having an EHR or e-reminder system —
with no further information about additional functionalities that might have been

employed within the system (R. G. Mishuris & Linder, 2014).

5. What is the relationship between EHRs and use of advanced imaging for primary care

visits associated with non-trauma related head pain?

Hypothesis 4: Controlling for confounders, advanced EHRs lowered the odds of

neuroimaging compared to those with basic or no EHRs.

Rationale 4: Though literature is limited, several single center studies showed that

EHRs, specifically CDS and CPOE functionalities, reduced the rate of
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unnecessary advanced imaging (Blackmore et al., 2011; Franczak et al., 2014;
Sistrom et al., 2009). This study will add to that body of knowledge with a

nationally representative dataset.

Conceptual Framework

This study used Ronald Andersen’s Behavioral Model of Health Services Use to
guide and ground the quantitative analyses for assessing the relationships between patient
and organizational characteristics with health services utilization (Andersen, 1995).
Although the model has evolved since its inception in 1968, its purpose has always been
to assess the predictors of health service utilization.

The original model focused on utilization as a function of population
characteristics, which Andersen categorized as predisposing, enabling, and need.
(Andersen & Newman, 1973). Predisposing variables describe properties that existed
prior to the onset of utilization. They include demographic characteristics such as age,
gender, race, and ethnicity. Enabling resources describe the “means” for accessing health
care such as income, insurance coverage, and geographic region. Need is the level of
illness that can be characterized by symptoms or diagnoses. The unit of analysis is the
individual who received care (Andersen & Newman, 1973).

Utilization is the actual use of health care services by the population. It can be
characterized by its type, site, purpose, and time interval it was delivered (Andersen &
Newman, 1973). Type refers to the kind of service and who provided it, such as a
primary care provider. Site refers to the location where the care was received. Purpose

indicates whether the visit was for prevention or acute illnesses, etc. Finally, time interval

53



may be characterized in terms of repeated visits within a given period and continuous
contact with a provider.

This study was guided by the second phase of Andersen’s model, shown in Figure
3, that explicitly added elements of the health care system as an influencing factor for
utilization and the patient population (Andersen 1995; Andersen and Newman 1973). The
second phase recognized the importance of health policy, as well as the resources and
organization of a delivery system. This model was suited for this proposed study because
it frames health policies such as the HITECH Act as a driving factor of health care access
and utilization. Resources are the structures in which health services are provided,
volume and distribution of health services, and equipment used to provide health services
(Aday & Andersen, 1974). Organization refers to how the services are provided,
including how the patient gained entry into the care setting and whom the patient sees
upon entry. Adding the resources and organizational aspects of the health care delivery
system fits well with the intent to study the interactions between EHRs and hospital
characteristics with utilization. In considering the health care system part of the model,
the hospitals or health delivery systems are the unit of analysis (Andersen & Newman,
1973).

The second phase of Andersen’s model also extended the outcome beyond
utilization to customer satisfaction (Andersen, 1995). The change was recognition that
utilization should be examined in the context of patients’ experiences. Although this
component was not included in all of the iterations of the model in the second phase,
Andersen considered it an important milestone for the evolution of the model in latter

phases (Andersen, 1995). Customer satisfaction in this model referred to the patient’s
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attitudes toward the health care system in relation to the care they received. Among the

dimensions were individualized perceptions of convenience, provider bedside manner,

and quality. Although subjective measures of satisfaction are important outcomes that

should be studied, this proposed study is interested in whether the utilization was

evidence-based, which serves as an indicator for greater quality.

Figure 3. Behavioral model of health services use (source: Anderson, 1995)
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Cited in nearly 5,000 peer-reviewed articles, Andersen’s model is widely used to

study the predictors of health care utilization. This study adapted Andersen’s second

model to assess the associations between certain population and health care system

characteristics with the utilization of select primary care services (Figure 4). The

adaptation retained the major components of Andersen’s model — population

characteristics, health care system, and use of health services — accounting for the
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variables available in the datasets used for this study. Many, if not all, of the variables
have been analyzed in previous studies assessing utilization and quality of care
indicators. For example, examining predictors of overuse of ambulatory care services,
Kale et at determined population characteristics by age, gender, race, ethnicity, insurance
status, reasons for visit, geographic region, and whether the service was provided was in
an urban setting (Kale, Bishop, Federman, & Keyhani, 2013). Mishuris and Linder
assessed the racial differences in cancer screening in primary care practices with EHRs
by analyzing the same variables as Kale, adding in income category and whether the

patient was previously seen in the clinic (R. G. Mishuris & Linder, 2014).

Figure 4. Adapted behavioral model of health services use

POPULATION
CHARACTERISTICS

Age, race, ethnicity,

gender
Payment method, geograph USE OF HEALTH D'ua“tv
(] ? --------------} :
| SERVICES H
Reason for visit;
Diagnosis |
Primary care Appropriate delivery of
colorectal cancer
screenings (underuse)
HEALTH CARE Physician office
SYSTEM |
| Appropriate delivery of
Policy priorities (ARRA, ACA) General; prevention; neuroimaging for head
diagnostic pain [overuse)
EHR functionalities

| Patient considers
clinic as primary care

Primary care provider .
provider
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Population characteristics

As in Andersen’s model, population characteristics are described using data
where the individual person, or visit in this case, is the unit analysis. The following
variables are commonly used in health services research on utilization.

Predisposing: For characteristics that existed prior to the patient’s health care

visit, the adapted model will include age, gender, race, and ethnicity.

Enabling: Individual resources and community resources comprise this category.

According to Andersen, payment source (public payer, private payer, self-pay)

would aptly describe individual resources as payment source indicates the means

for accessing care. Attributes of the community of residence — including
geographic location — matter because there are regional differences in the
coverage and utilization of health care services (Kirchhoff, Hart, & Campbell,

2014; Wennberg, 2002). Although studies have found that rural primary care

physicians provide equivalent or superior care compared to urban physicians,

rural practices still face financial hardships that could impact their ability to adopt

new technologies (Kirchhoff et al., 2014; Reschovsky & Staiti, 2005).

Need: The level of illness would be characterized by the patients’ reasons for

visits and diagnoses associated with the visit. Reasons for visits would include

general check-up or symptoms that prompted the patient to initiate a visit. The

diagnoses would indicate the level of severity, if an illness exists.

Health care system

The two components of the health care system — resources and organization —

are described using data collected on the hospital level.
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Policy: As Lu Ann Aday and Andersen wrote in 1974, “[a]ccess has been most
often considered a political context.”(Aday & Andersen, 1974) Although there are
no specific data elements in the adapted model that characterize policy, it is
important to consider the Affordable Care Act and the American Recovery and
Reinvestment Act as the policies driving the changes this study is examining.
Resources: Labor and capital resources given to health care include health
personnel, physical structures, equipment, and materials for the provision of
health care. A major component of this study’s adapted model is the explicit
addition of EHRs into this category. As Bates illustrated in Figure 1, information
management is critical given the extensive amount of patient information a
provider must process (Bates, 2003). Electronic health records could, therefore, be
interpreted as equipment that hospitals invest capital in to make help decisions
about what health care services to provide. Without explicitly citing Andersen,
Keyhani and colleagues used NHAMCS and NAMCS to examine the association
of EHR functionalities with population and hospital characteristics with certain
quality indicators (Keyhani et al., 2008).

Organization: Organization describes what happens upon a patient’s entry into the
delivery system, in this case, an ambulatory clinic. The components of
organization are entry and structure. The adapted model does not have variables
such as travel or wait times that were considered characterizations of entry.
Structure, however, refers to whom the patient sees. The adapted model focuses

on primary care providers.
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Use of health services

Utilization, the major outcome of interest in the adapted model, would be assessed
within the context defined by Andersen. Per the research aims of this study, primary care
would be the type of service studied and the site of service would be an ambulatory care
clinic, which could be located in a physician office or hospital outpatient department.
Depending on the primary care service of interest, the purpose of the visits could be

preventive, general check-up (custodial), or symptom-related.

Quality

In keeping with Andersen’s second model extending the outcome beyond
utilization, this study will use utilization of services as an indicator of quality. The level
of quality of care will be derived from the adherence to documented evidence-based
guidelines, which are regarded as the most effective ways to treat patients and often
inform the development of quality measures.

The specific aims of the study relate to two dimensions of quality: underuse of
colorectal cancer screening and overuse of neuroimaging. Since the utilization rates
indicate process outcomes rather than quality of care outcomes, this component of the
adapted model is in dotted lines. The dotted lines show that although the study does not
directly measure quality, the utilization components do indicate aspects of underuse and

overuse.

Data Sources
This study uses a provider-based survey conducted by the CDC’s National Center

for Health Statistics to estimate the adoption of EHRs and associations with patient care.
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The National Ambulatory Medical Care Survey (NAMCS) is a survey of non-federal
office-based physicians. NAMCS (pronounced “namsis”) includes a sampling of private
practices, urgent care centers, public health clinics, family planning clinics, mental health
centers, community health centerst1, and faculty practice plans. The basic unit is a
patient-provider encounter or visit. Between 2007-2011, NAMCS visit data are sampled
using a multi-stage probability design. The first stage of sampling involved the
identification of approximately 112 primary sampling units (PSU); the second stage
involved the selection of approximately 3,500 physicians within PSUs; and the third
stage involved the selection of patient visits within the physician offices. Only physician
offices with non-federally employed physicians, excluding anesthesiologists,
pathologists, and radiologists, were included. The survey does not include visits to
hospital emergency or outpatient departments, freestanding ambulatory surgery centers,
Department of Veterans Affairs medical offices, or industrial, occupational, or
institutional clinics. The sampling strategy is detailed in Appendix 2.12

Sampled physician practices first go through an induction interview to determine
eligibility and practice characteristics. After the induction process, sampled patient

encounters are abstracted into Patient Record Forms. About 55 to 60 percent of sampled

11 NCHS included a panel of data from community health centers (CHC) in NAMCS since 2006. In 2012,
the CHC data was split from NAMCS. As a result, NCHS recommends restricting analyses to non-CHC
visits when comparing 2012 data to previous years.

12 1n 2012, NCHS changed the sample design for NAMCS to enable state-level estimates in the 34 most
populous states (NCHS, 2012). For 2012, NAMCS utilized a stratified two-stage sample, with physicians
selected in the first stage and visits in the second stage. List samples were used in order to produce separate
estimates for individual states with the largest populations. The core NAMCS physician sample was
stratified by primary care versus other specialties to prevent primary care physicians from dominating the
core sample at the expense of the remaining specialties. The final stage was the selection of patient visits
within the annual practices of sample physicians. This involved two steps. First, the total physician sample
was divided into 52 random subsamples of approximately equal size, and each subsample was randomly
assigned to 1 of the 52 weeks in the survey year. Second, a systematic random sample of visits was selected
during the assigned week.
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physicians fully participate in the annual survey, as in they contributed PRFs for at least
half of the visits during the reporting period. Between 2007 and 2012 there were a total of
232,231 observations collected in NAMCS representing 5.9 billion visits using patient-
level weights assigned to each record. Information on race and ethnicity is missing for
about a third of these visits. To reconcile the missing data, NCHS provides imputed race

and ethnicity data.

Data Elements
Physician Office Characteristics

Office-level data provide important variables used to describe the health care
system and utilization components of the theoretical framework. These data are extracted
from the physician practice induction forms filled out by physician offices sampled in
NAMCS. The induction form begins with screening questions about the physician office
such as location, ownership, and size. The EHR variables of interest are derived from
questions from this section on the adoption and use of various EHR functionalities.

Overall, publicly available physician office data includes location, ownership, and
variables on structure (including EHR data) and organization variables. Data elements
such as state and county codes, visit volume, and teaching status are only available using
the NAMCS restricted data set available on-site at the NCHS Research Data Center. Per
NCHS recommendations, community health center (CHC) visits were excluded from the
combined dataset as CHC data were split from NAMCS in 2012.
Visits

Visit data collected from Patient Record Forms (PRF) from sampled physician

offices are linked to office-level data. Data elements include basic patient demographic
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and socioeconomic information such as age, gender, race, ethnicity, income-level, and
source of payment. Further specifying the patient’s attributes are reasons for visit (RFV)
and diagnoses using International Classification of Diseases, 9" Revision, Clinical
Modification (ICD-9-CM) codes. Each PRF form lists up to three RFVs and diagnoses,
which allows for a more accurate assessment of what was addressed during the visits.
This is especially useful since patients may seek care for multiple reasons and have
multiple new and existing diagnoses. In an effort to describe the patient’s relationship
with the clinic, the PRF includes a question about whether the provider was the patient’s
primary care provider. Also relevant to this study is the description of the diagnostic
and/or screening services ordered or provided during the visit — scope procedure and
advanced imaging. Considering the nature of primary care and the PRF questionnaire,
this study assumes that the majority of scope and imaging services associated with
primary care visits were ordered instead of provided during the same visit.

It is worth stressing that NAMCS is a visit-based survey used to estimate the
number and attributes of visits. In other terms, it is possible that a patient visited a
physician office or more than once during the reporting period and was selected into the
sample both times.

EHR Characteristics

Between 2007 and 2012 NCHS made several changes to the series of questions
related to EHRs. Ultimately, the major questions remained similar enough for consistent
analysis over the years. The physician office and hospital induction forms allowed
respondents to enter “yes,” “no,” “unknown,” or “turned off” for each of the functionality

questions (e.g. Does your practice have a computerized system for patient demographic
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information?). Appendix 3 provides the set of EHR related questions that will be used in
this study; indented questions in cells presume the participant answered “yes” to the

preceding question.

Reliability

To ensure reliability of estimates, NCHS recommends that estimates should be
based on at least 30 sample records and with a relative standard error no greater than 30%
(wider confidence intervals). Combining multiple years of data and aggregating

categories of interest into broader groups are methods to improve reliability.

Data Analysis

Primary care population characteristics. Before examining the major research
questions, this study first described the characteristics of the ambulatory primary care
populations in NAMCS 2007-2012. To create an appropriate study sample, the study only
included visits where the clinic is indicated as the patient’s primary care physician (an
affirmative answer to the question “Is this clinic the patient’s primary care
physician/provider”). This method was preferable because the study focused on the
delivery of primary care services rather than on the specific types of physicians —
internists, family physicians, OB-GYN, etc — that traditionally serve in the primary care
provider role. The method, therefore, did not preclude visits to specialists — such as
oncologists and cardiologists — that may have served as primary care providers to a

subset of patients.
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Table 2 shows annual estimates of ambulatory primary care visits were made

based on patient and provider characteristics — such as age group, gender, race, source

of payment, geographic region, urban status, and setting.

Table 2. Sample characteristics of primary care physician office visits, 2007-2012

2007 | 2008 2009 2010 2011 2012
N

8,866 |8,949 |9,418 8,632 8,160 24,750
Estimated population

69,458 | 73,288 | 74,522 | 70,871 | 70,676 | 63,758
Patient characteristics, %
Age
Under 18 years 31.61 |28.88 |28.30 31.02 34.86 30.88
18-64 years 46.23 | 47.79 | 45.99 47.70 42.13 45.28
65 years and over 22.16 |23.34 25.71 21.28 23.01 23.84
Gender
Female 56.13 | 57.65 |57.70 55.79 53.77 55.03
Race or ethnicity
White 81.32 |83.20 |84.26 81.59 82.96 84.11
Expected source of payment
Private insurance 56.18 |58.31 |55.94 54.36 52.04 51.27
Medicare 18.66 |18.18 | 21.26 19.42 17.73 20.68
Medicaid 1494 |1352 | 15.36 18.00 18.81 16.26
Self pay, uninsured 5.07 4.70 3.19 2.34 3.69 3.72
Other, unknown, blank 5.15 5.28 4.25 5.88 7.73 8.07
Provider characteristics, %
Ownership
Physician or physician group |82.92 |81.78 | 80.98 78.84 76.07 80.83
Academic medical center, 6.51 6.99 9.42 6.99 6.54 8.26
hospital
Insurance company or HMO | 2.16 2.09 1.88 2.55 2.55 10.92
Solo practice?
Solo 32.15 |34.20 | 35.03 30.54 29.23 35.20
Metropolitan statistical area status
MSA 81.52 |89.37 |83.32 84.89 81.05 86.74
Geographic location
Northeast 15.64 |19.80 | 13.32 19.84 21.39 18.92
Midwest 21.77 | 2250 |28.53 23.93 19.29 18.05
South 4254 |36.51 |39.73 35.17 35.79 40.93
West 20.05 |21.20 |18.42 21.06 23.53 22.10
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The unweighted 2007-2012 NAMCS included 214,658 observations representing
5.79 billion physician practice visits. In the weighted dataset, 43.82% visits indicated the
provider was the patient’s primary care provider.

All analyses in this study will use Stata statistical software (StataCorp. 2011.
Stata Statistical Software: Release 12. College Station, TX: StataCorp LP). This study is
not human subject research and was granted an exemption from the George Washington
University’s institutional review board.
Research Question #1
What is the prevalence of EHRSs in primary care practice visits from 2007 to 2012?

The first research question uses NAMCS to describe the prevalence of EHR
functionalities and systems in primary care physician practice visits. Prior to the
implementation of Meaningful Use standards, leading researchers used existing data to
develop consensus-based classifications of “basic” and “advanced” EHR systems (C.
DesRoches et al., 2013; C. M. DesRoches, Worzala, & Bates, 2013; M. F. Furukawa,
2010; Jha et al., 2009). The researchers defined a basic system as having computerized
functionalities for maintaining patient demographic information, problem lists, viewing
lab and imaging results, and computerized provider orders for prescriptions and tests. An
advanced system has all of the basic functionalities plus physician notes and decision
support systems.

This study’s categorization of basic and advanced systems closely followed the
definitions designed in widely referenced studies by DesRoches and Jha (Catherine M.
DesRoches & Rosenbaum, 2010; Jha et al., 2009). There were, however, modifications.

First, the previous studies used data from the American Hospital Association, whereby
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survey questions were not identical to NAMCS. Acceptable definitions, or combinations
of functionalities, of basic and advanced EHRs have also evolved over the years
complicating side-by-side comparisons. For example, the functionality of inputting
physician notes was considered a basic functionality in 2009 but was subsequently listed
as an advanced functionality in a 2013 study by the same researchers. A complete list of
basic and advanced system functions for this study is in Table 3. Average rates of percent
increases (Equations 1 and 2) assessed the average growth of EHRs per level of

sophistication. Absolute difference of percentages between 2007 and 2012 was also

calculated.
Ln(Percent of EHR variable) = a. + B(year) + ¢ [Equation 1]
Average rate of percent increase = (exp(p) — 1) x 100 [Equation 2]

Table 3. Classification of basic and advanced EHR systems

Functionalities Basic Advanced
Clinical documentation
Patient demographic information v v
Patient problem lists v v
Medical history and follow-up notes v
Clinical notes v
Test and imaging results
Viewing of lab results v v
Viewing of imaging results v v

Computerized provider order entry

Orders for prescriptions v

Orders for tests v
Decision support

Warnings of drug interactions or v

contraindications provided

Out of range levels highlighted v

Reminders for guideline-based interventions v

and/or screening tests
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Research Question #2

What is the relationship between patient and provider characteristics with adoption of
EHR systems in primary care physician practice visits?

Using NAMCS, multivariable models were used to examine the relationship
between patient and provider characteristics with basic and advanced EHRs. Fitting with
this study’s conceptual framework, “patient” and “provider” characteristics were
equivalent to “population” and “health care system” characteristics, respectively. Binary
variables of interest are listed in Table 3. Continuous age variable was converted into
binary age groups. The race variable — white/not white — uses the imputed race variable
(racer). Controlling for confounders, multivariable logistic regression models were used
with EHR levels as the dependent variable. Equation 3 is the logistic model where there
were k explanatory variables; € represents the error term.

Ln[p(EHR)/1-p(EHR)] = po + Piyr+Poyz +... P+ € [Equation 3]

Table 4. Binary variables

Patient Characteristics

Provider Characteristics

Age Ownership
Under 18 Physician or physician group
18-64 years Academic medical center, hospital
65 years and over Insurance company, HMO
Gender Setting
Female Solo practice
Race Metropolitan statistical area status
White MSA
Non-white Geographic location
Expected source of payment Northeast
Private insurance Midwest
Medicare South
Medicaid West
Self pay, uninsured EHR level

Other, unknown, blank

Less than basic EHR or none

Basic

Advanced
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Research Question #3
What is the association between EHRs and the primary care delivery of CRC screening

(via colonoscopy)?

Following the analyses describing EHR adoption in physician practices that
deliver primary care, Research Question #3 examined the association between primary
care providers’ use of EHR and recommendation of colorectal cancer screening via
colonoscopy. As discussed previously, colonoscopies are the predominant screening
modality recommended by primary care providers, whereas sigmoidoscopy is rarely
performed or ordered. Therefore, it was reasonable to assume that the ‘sigcolon’ variable
in NAMCS represented mostly colonoscopies.

The study sample was restricted to patients over 18 years old and examined
whether men and women aged 50-75 years old had an order for colonoscopy. The age
range was chosen based on USPTF and ACS recommendations that asymptomatic adults
aged 50 should start to receive colonoscopies once every ten years. The study sample
excluded those with a history of colectomy using the ICD-9 code 45.72. Data from 2007-
2012 were combined to obtain sufficient observations for weighted estimates.

There were a total of 21,341 sample records representing 135,055 estimated visits
that comprised the population eligible for colonoscopy. Colonoscopies were ordered in
2.3% of eligible visits. The low percentage reflects a data limitation in that there was no
way to know if the patient was due for a colonoscopy during the sampled visit. Table 5

displays the distribution of colonoscopies ordered for the eligible study population.
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Table 5. Sample characteristics of primary care visits with an order for colonoscopy

2007 2008 2009 2010 2011 2012
N 58 84 87 48 43 135
Estimated population | 456 792 758 373 303 424
Patient
characteristics, %
Age
18-64 years 68.23 79.53 73.61 71.95 66.18 72.66
65 years and over 31.77 20.47 26.39 28.05 33.82 27.34
Gender
Female 45.98 54.21 50.15 49.54 60.24 53.44
Race or ethnicity
White 82.13 86.31 75.16 87.19 89.91 82.95
Expected source of payment
Private insurance 65.72 75.74 68.27 59.43 46.78 51.05
Medicare 30.23 7.88 22.42 31.13 33.49 32.31
Medicaid 0.64 0.71 2.18 0.66 5.80 10.69
Self pay, uninsured 2.78 8.13 5.20 0.00 3.82 0.00
Other, unknown, blank | 0.64 7.54 1.94 8.79 10.11 5.87
Provider
characteristics, %
Electronic health
record
Less than basic or no
EHR 89.95 91.26 77.22 51.40 48.45 52.66
Basic EHR 5.35 3.43 10.45 11.88 26.42 20.91
Advanced EHR 4.70 5.31 12.33 36.72 25.13 26.42
Ownership
Physician or physician
group 86.59 80.13 78.37 59.59 74.99 81.69
Academic medical
center, hospital 1.45 6.03 7.73 14.94 4.72 5.72
Insurance company,
HMO 5.36 2.27 6.87 3.23 0.84 12.60
Solo practice?
Solo 34.31 28.42 39.98 13.49 23.49 38.09
Metropolitan statistical area
status
MSA 82.87 92.13 89.38 87.26 78.02 88.73
Geographic location
Northeast 17.61 24.70 10.79 18.37 26.11 40.09
Midwest 28.27 28.87 40.68 36.71 38.46 12.15
South 41.27 34.58 35.27 17.72 21.40 29.66
West 12.85 11.85 13.27 27.20 14.03 18.09
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A multivariable logistic model with robust estimation of the standard errors was used to
obtain odds ratios and 95% confidence intervals for independent, explanatory variables
predicting the provision or order of a colonoscopy (Equation 4). The colonoscopy
dependent variable was binary. Explanatory variables are in Table 4. P-values <0.05 were

considered significant.

Ln[p(col)/1-p(col)] = o + furr+Payxz +... P+ ¢ [Equation 4]

Research Question #4
Do EHRs have a mediating effect on racial gaps in colonoscopies?

Research Question #4 examined the degree to which EHRSs changed the
likelihood of colonoscopy based on race. This was accomplished by adding interaction
terms between the patient characteristics and EHR functionality to the logistic model in

Research Question #3. The model is depicted in Equation 5.

Ln[p(col)/1-p(col)] = Bo + By +Boxz +... Bk + BEHRadvancea*White [Equation 5]

Research Question #5

What is the relationship between EHRs and imaging utilization during primary care
visits associated with head pain?

Consistent with head imaging literature, including studies that used NHAMCS,
the head pain population was constructed with visits where any one of the three reasons
for visit included tension headache (RFV 1210.0), migraine (RFV 2365.0), sinus
headache (RFV 1410.1) and symptoms of head (RFV 1207.0) (Callaghan, Kerber, Pace,
Skolarus, & Burke, 2014; Gilbert, Johnson, Larkin, & Moore, 2012; Holle & Obermann,

2013).
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To avoid including visits where imaging may be appropriate, the head pain population

excluded:

e Visits with missing reason for visit information.

e Visits where injury, poisoning, and adverse events were indicated on the survey.

There were 1,994 observations that met the inclusion criteria. Table 6 shows the sample

characteristics of the study population.

Table 6. Sample characteristics of primary care visits with head pain, 2007-2012

2007 2008 2009 2010 2011 2012
N 276 249 332 247 222 668
Estimated population | 2,080 2,110 2,647 1,998 1,855 1,607
Patient
characteristics, %
Imaging
Advanced imaging 6.77 4.48 5.39 9.04 6.84 3.42
Age
18-64 years 66.39 60.26 63.81 63.69 56.40 61.76
65 years and over 9.34 11.30 13.68 13.16 12.99 9.94
Gender
Female 69.23 70.47 74.80 63.23 73.23 63.93
Race or ethnicity
White 80.03 91.00 82.40 81.93 80.13 84.41
Expected source of payment
Private insurance 60.75 71.97 67.11 62.21 62.69 62.65
Medicare 7.19 9.89 12.29 13.00 10.53 10.31
Medicaid 18.83 9.58 15.46 18.30 14.19 14.24
Self pay, uninsured 10.51 541 2.66 3.11 5.46 5.19
Other, unknown, blank | 2.73 3.15 2.48 3.38 7.14 7.61
Provider
characteristics, %
Electronic health
record
Less than basic or no 86.58 76.97 78.83 65.20 55.97 60.62
EHR
Basic EHR* 2.40 13.03 7.92 9.81 16.12 13.98
Advanced EHR 11.02 10.00 13.24 24.99 27.91 25.41
Ownership
Physician or physician | 78.14 81.79 78.29 77.75 75.73 81.09

group
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Academic medical 7.70 7.16 5.93 8.11 5.40 7.94
center, hospital

Insurance company, 3.54 3.07 2.25 3.23 2.74 10.97
HMO

Solo practice?

Solo 34.88 35.86 35.97 27.48 18.22 34.82
Metropolitan statistical area

status

MSA 81.06 87.92 77.70 84.51 82.02 85.81
Geographic location

Northeast 9.09 19.95 7.83 23.67 22.70 16.94
Midwest 22.97 24.48 34.55 19.75 12.79 16.98
South 45.54 36.23 43.13 35.28 47.58 45.86
West 22.40 19.34 14.48 21.30 16.93 20.21

A multivariable logistic model was used to examine the association between EHR levels
of functionalities and neuroimaging for visits with headache. Explanatory variables are in

Table 3. The diagnostic imaging variable is binary.

Ln[p(imaging)/1-p(imaging)/ = fo + fix1+Payx2 +... Pk + € [Equation 6]

72




Chapter 1V: Results

Research question #1 examined the prevalence of electronic health records (EHR)
during primary care physician practice visits. Table 7 shows the percentage of visits in
the study sample with EHR functionalities and EHR systems by level of sophistication.
Of the visits in 2007-2012 study sample, 53.94% were linked to induction forms that
affirmatively to the question “Does your practice use an electronic medical records (other
than for billing)?” Nearly all — 96.11% — of visits to a practice that reported having an
EHR also reported having the ability to input patient demographic information. High
proportions of visits were to practices that had functionalities for clinical notes (88.70%),
medical history or follow-up notes (86.23%), ordering prescriptions (85.20%), and
viewing laboratory results (84.36%). Two-thirds (66.43%) reported having clinical
decision support functions that provided reminders for guideline-based interventions

and/or screening tests.

Although just over half of the visits were to practices that indicated they used an
EHR, less than a third (29.25%) had at least a basic EHR, as defined by this study (Table
7 and Figure 5). Among all primary care practice visits, 10.83% had a basic EHR and
18.42% had an advanced EHR. In terms of basic EHRs with advanced functionalities,
Table 7 shows that nearly all of the basic EHRs also had the ability to input clinical notes
(94.24%), medical history (92.40%), and ordering prescriptions (86.41%). Just over a
third of basic EHRs had clinical decision support functionalities. Overall, a majority
(63.17%) of basic EHRs had five of the six advanced functionalities, 22.55% had four,
7.71% had three, and 3.9% had two functionalities. Only 2% of basic EHR had none of

the advanced functionalities.
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Table 7. EHR use in primary care practice visits, 2007-2012

EHR Sophistication
All Less than Basic Advanced
primary basic EHR | EHR EHR, %
care or none, % | only, %
practices,
%
Primary care practice uses 53.94 70.75 10.83 18.42
EHR
Functions included in EHR
system*
Basic EHR
Patient demographic 96.11 73.57 100.00 100.00
information
Problem list 79.03 28.74 100.00 100.00
Laboratory results 84.36 46.44 100.00 100.00
Imaging results 66.18 26.07 100.00 100.00
Advanced EHR
Clinical notes 88.70 33.57 94.24 100.00
Medical history or followup | 86.23 29.92 92.40 100.00
notes
Orders for prescriptions 85.20 38.94 86.41 100.00
Orders for tests 75.16 31.75 70.61 100.00
Warnings of drug interactions | 72.98 30.97 59.63 100.00
or contraindications
Reminders for guideline- 66.43 29.25 36.56 100.00
based
interventions and/or
screening tests
N (visits) 68,775 46,828 7,404 14,543
Est. population 2.54 B 1.79B 519 M 467 M

*Conditional on any use of EHR
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Figure 5. Proportion of EHRs in primary care visits, 2007-2012
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Examining EHR adoption annually from 2007 to 2012, there is a marked decline in visits
to practices that had less than basic or no EHR (Figure 6, Table 8). By 2012, 40.36% of
visits had at least a basic EHR, up from 13.72% in 2007. Among those who adopted at
least a basic EHR, frequencies of basic and advanced EHRs were similar in 2007 and
2008, before an inflection point in 2009. In 2009 and after, advanced EHR adoption rates
outpaced basic only. For example, in 2012, 27.06% of visits had advanced EHRs
compared to 11.22% with basic EHR. Overall, the average rate of increase per year of
advanced EHRs was 32.03% compared to 17.30% for basic EHRs.

Figure 6. Annual percent of EHR in primary care visits, by sophistication
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Table 8. Annual percent of EHR in primary care visits, by sophistication

2007 2008 | 2009 | 2010 2011 | 2012 | Average | Absolute

rate of | difference
increase | 2007-12,
, % %

EHR level

Less than 86.28 80.92 | 74.09 | 63.72 58.52 | 59.65 -8.13 -26.63

basic EHR

or none

At least a 13.72 19.09 | 25.91 | 36.28 41.48 | 40.36 25.89 26.64

basic EHR

Basic EHR | 4.99 10.29 | 1159 | 11.22 14.42 | 12.52 17.30 7.54

only

Advanced 8.74 8.80 14.32 | 25.06 27.06 | 27.84 32.03 19.10

EHR

N (visits) 8,866 8,949 | 9,418 | 8,632 8,160 | 24,750 -- --

Est. pop 417M | 440M | 447 M | 425M | 424 M | 383 M -- -

Table 9 shows patient and practice characteristics that predict the adoption of

basic and advanced EHRs characteristics (Research question #2). The basic EHR

category excluded advanced EHRs that also met the basic definition. Odds ratios were

interpreted as the likelihood of having a basic or advanced EHR during a visit compared

to having a less than basic EHR or no EHR. Year fixed effects produced odds ratios that

increased annually — consistent with the increased annual percentages shown in Table 8.

Age, practice ownership, and solo practice size were significantly associated with

basic and advanced EHR. Practices owned by insurance companies or health

management organizations (HMO) had the strongest association with EHRs. Compared

to physician or physician group owned practices, visits to practices owned by insurance

companies or HMOs were 2.26 times more likely to have a basic EHR and 4.19 times

more likely to have an advanced EHR. Solo practices were the least likely to have either
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basic or advanced EHR. Visits to solo practices were 34% less likely to have a basic EHR

and 31% less likely to have an advanced EHR compared to non-solo practices.

Expected source of payment variables were only significant predictors of basic
EHR. Compared to visits paid by private insurance, Medicare beneficiaries were 37%
more likely to have a basic EHR. Self-pay visits were 43% less likely to have a basic

EHR.

Patient race, specifically whether or not the patient was white, was only
significantly associated with advanced EHRs. Geographic region, metropolitan statistical
area status, and gender were not associated with neither basic nor advanced EHR at

statistically significant levels. Of note, point estimates for these variables were similar for

basic and advanced EHRs.

Table 9. Predictors of EHR in primary care visits, 2007-2012

Basic EHR, exclude
advanced

Advanced EHR

Year (vs 2007)
2008 2.26** (1.17, 4.37) 1.11 (0.59 - 2.08)
2009 2.89*** (1.36, 6.13) 2.02** (1.16 - 3.52)
2010 3.21*** (1.58, 6.53) 3.93*** (2.40 - 6.45)
2011 4.64*** (2.16, 9.93) 4.95*** (2,90 - 8.45)
2012 3.76*** (2.00, 7.06) 4.62*%** (2,77 - 7.71)

Patient characteristics

Age (vs under 18 years)

18-64 years

1.54*** (1.11, 2.14)

1.35%* (1.04 - 1.74)

65 years and over

1.20 (0.82, 1.76)

1.28* (0.97 - 1.69)

Gender

Female 1.01 (0.90 - 1.13) 1.03 (0.95-1.11)
Race

White 0.94 (0.71-1.23) 1.23** (1.04 - 1.46)

Expected source of payment
(vs. private insurance)

Medicare

1.37** (1.07 - 1.76)

0.92 (0.77 - 1.11)

Medicaid

0.94 (0.72 - 1.23)

0.82 (0.65 - 1.04)
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Self pay, uninsured 0.57** (0.35 - 0.92) 0.74 (0.50 - 1.08)
Other, unknown, blank 1.71** (1.08 - 2.70) 1.30* (0.98 - 1.74)
Provider characteristics
Ownership (vs. physician or
physician group)
Academic medical center, | 1.06 (0.59 - 1.92) 1.36 (0.85 - 2.17)
hospital
Insurance company, HMO | 2.26** (1.20 - 4.24) 4.19*%** (2.58 - 6.79)
Solo practice?
Solo 0.34*** (0.23 - 0.53) 0.31*** (0.21 - 0.46)
Metropolitan statistical area
status
MSA 0.75 (0.42 - 1.35) 1.08 (0.67 - 1.74)
Geographic location (vs.
northeast)
Midwest 1.20 (0.67 - 2.17) 1.14 (0.72 - 1.80)
South 0.99 (0.56 - 1.75) 0.90 (0.55 - 1.49)
West 1.31 (0.69 - 2.50) 1.23 (0.80 - 1.87)

Confidence interval in parenthesis

MSA is that of a large population nucleus, together with adjacent communities having a high degree of
social and economic integration with that core.

HMO is health maintenance organization

***p < .01. **p <.05. *p < .10.

Research questions #3-5 examined the associations between patient and practice
characteristics, including EHR, with the delivery of select primary care services. Table 10
shows patient and practice characteristics that are associated with visits with orders for
colonoscopy by primary care physicians. The 18-64 years age group was 60% more
likely to receive a referral compared to those 65 years and older. According to guidelines,
the appropriate age range for guidelines is 50-75 years old. Gender and race were not
statistically significant predictors. Compared to patients on private insurance, Medicaid
visits were 58% less likely to receive an order for colonoscopy with p<0.01.
Geographically, those in the West were 44% less likely to receive an order compared to
the Northeast. Metropolitan service area status, however, increased the likelihood for

colonoscopy by 42%. Solo practice visits, statistically significant at a p<0.1 level, was
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28% less likely to result in a colonoscopy. Visits with electronic health records,
regardless of level, were not significantly associated with colonoscopy. Point estimates
were 0.89 and 0.74 for basic and advanced EHRSs, respectively.

In a model that includes a race and advanced EHR interaction term, odds ratios
for those variables that were statistically significant in the previous model did not change.
The interaction suggests that the mediated odds of a visit involving an advanced EHR and
white patient was 33% more likely to receive an order for colonoscopy, though this
estimate is not statistically significant at p<0.05.

Table 10. Predictors of colorectal cancer screenings in primary care visits, 2007-
2012

Logit Model Interaction Model

Odds ratio | 95% CI Odds ratio 959% CI

Year (vs. 2007)

2008 1.50 0.90-2.48 | 1.49 0.90 - 2.48
2009 1.49 0.93-241 | 1.49* 0.93-241
2010 0.77 0.45-1.31 | 0.77 0.45-131
2011 0.69 0.39-1.23 | 0.69 0.39-1.23
2012 0.99 0.57-1.72 | 0.99 0.57-1.72

Patient characteristics

Age (vs. 65 and over)

18-64 years 1.60** 1.11-2.32 | 1.60** 1.11-2.32
Gender

Female 0.82 0.64 -1.05 | 0.82 0.64 - 1.05
Race

White 0.83 0.55-1.25 | 0.80 0.50-1.26

Expected source of payment
(vs. private insurance)

Medicare 0.89 0.64-1.24 |0.89 0.64 -1.24

Medicaid 0.42%** 0.24-0.76 | 0.42%** 0.24-0.76

Self pay, uninsured 0.95 0.42 - 0.95 0.42-2.15
2.15

Other, unknown, blank 0.83 0.50-1.35 | 0.82 0.50-1.35

Provider characteristics

Electronic health record (vs.
less than basic or no EHR)

Basic EHR™ 0.89 0.57-1.39 | 0.89 0.57-1.39

79




Advanced EHR 0.74 0.51-1.08 | 0.58 0.24-1.44

Ownership (vs. physician or

physician group)

Academic medical center, 0.83 0.51-1.36 | 0.83 0.51-1.36

hospital

Insurance company, HMO 1.65 0.85-3.21 | 1.68 0.85-3.33

Solo practice?

Solo 0.72* 0.51-1.03 | 0.72* 0.51-1.03

Metropolitan statistical area

status

MSA 1.42** 1.02-2.00 | 1.42** 1.01 - 2.00

Geographic location (vs.

northeast)

Midwest 1.03 0.64-1.68 | 1.03 0.64 - 1.68

South 0.67 0.41-1.10 | 0.67 0.41-1.10

West 0.56** 0.32-0.94 | 0.56** 0.33-0.94

Race and EHR interaction

White and advanced EHR - - 1.33 0.52 -
3.40

*Does not include advanced EHR

MSA is that of a large population nucleus, together with adjacent communities having a high degree of
social and economic integration with that core.

HMO is health maintenance organization
***p < .01. **p <.05. *p < .10.

Table 11 shows the relationship between patient and practice characteristics with
orders for advanced imaging during visits related to head pain. Age and practice
ownership were statistically significant predictors of imaging. People aged 18-64 years
old were over three times — 3.20 odds ratio — more likely to have an order for imaging
compared to those under 18 years. Visits to practices owned by an insurance company or
HMO were also nearly three times — 2.81 odds ratio — more likely to have an order for
imaging.

Race, expected source of payment, and basic EHR were statistically significant at
p<0.1 levels. White patients were 47% less likely to have an order for imaging. Those

with unknown insurance were 2.53 times more likely to have an order for imaging
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compared to private insurers. Visits with basic EHR increased the likelihood of imaging
by 86% compared to less than basic EHR or no EHR. Advanced EHR was not associated
with imaging at statistically significant levels but had an odds ratio similar to basic EHR,

1.83.

Table 11. Predictors of imaging for head pain in primary care visits, 2007-2012

Odds ratio 95% CI
Year (vs. 2007)
2008 0.63 0.23-1.72
2009 0.68 0.27-1.72
2010 1.14 0.39 - 3.36
2011 0.73 0.25-2.19
2012 0.34** 0.13-0.85
Patient characteristics
Age (vs. under 18)
18-64 years 3.20*** 1.32-7.77
65 years and over 1.94 0.52-7.26
Gender
Female 0.86 0.50 - 1.47
Race
White 0.53* 0.28 -1.02
Expected source of payment (vs.
private insurance)
Medicare 2.55 0.82 -7.89
Medicaid 0.87 0.37 - 2.05
Self pay, uninsured 0.73 0.19-2.90
Other, unknown, blank 2.53* 0.85-7.52
Provider characteristics
Electronic health record (vs. less
than basic or no EHR)
Basic EHR™" 1.86* 0.96 - 3.58
Advanced EHR 1.83 0.85-3.92
Ownership (vs. physician or
physician group)
Academic medical center, 0.82 0.27 -2.48
hospital
Insurance company, HMO 2.81** 1.00-7.84
Solo practice?
Solo 1.32 0.66 - 2.62
Metropolitan statistical area
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status

MSA 0.82 0.34-2.02
Geographic location (vs.

northeast)

Midwest 0.99 0.38 - 2.58
South 0.98 0.36 - 2.65
West 0.58 0.21-1.60

*Does not include advanced EHR

MSA is that of a large population nucleus, together with adjacent communities having a high degree of
social and economic integration with that core.

HMO is health maintenance organization
***p < .01. **p <.05. *p < .10.
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Chapter V: Discussion and Policy Implications

The results of this study examining adoption of electronic health records in
primary care practices and the technology’s association with quality of care lead to the
following conclusions:
Nearly one-third of primary care practice visits between 2007-2012 had at least a basic
EHR

Although a majority (53.94%) of all the primary care visits in the study sample
responded having some kind of EHR, less than a third (28%) had systems that met the
basic and advanced EHR criteria. Part of the discrepancy could be explained by the all-
or-nothing definitions of basic and advanced systems. It is likely that practices had a
combination of some, but not all, basic and advanced functionalities so did not qualify for
either classification. Looking at functionalities alone, visits to primary care practices that
reported having an EHR also reported having patient demographic information, a basic
function, and clinical notes, an advanced function, at 96.11% and 88.70%, respectively.
Further, the majority of the visits to practices with basic EHRs also had five of the six
advanced functionalities. Table 7 shows that although most visits to practices with basic
EHRs also had advanced functionalities such as clinical and follow-up notes, only
36.56% had the clinical decision support (CDS) that provide reminders for guideline-
based interventions. Therefore, CDS could be the true differentiator between basic and
advanced users of EHRs.

These findings suggest that some practices were acquiring EHR systems with
specific functionalities that may have suited their needs rather than pursuing basic or
advanced system standards. It is possible that the timing of this sample was a factor. This

research question combined data from 2007-2012, which includes two years before the
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passage of HITECH and three years post-HITECH. It is likely that data from post-
HITECH years would result in EHR adoption that is more aligned with basic and
advanced EHRs as practices became more aware of and compliant to Meaningful Use

requirements. This conclusion is supported by the next major finding.
Increase in advanced EHRs outpaced basic only EHRs post-HITECH

Similar to Hsiao et al, this study found that visits with at least basic EHRs grew
from 2007 to 2012 (Hsiao et al., 2014). Hsiao et al found 14.5% of primary care practices
in 2007 had at least a basic EHR increasing to 43.7% in 2012; in close comparison, this
study calculated levels of at least basic EHR in 2007 and 2012 at 13.72% and 40.36%,
respectively. Although both studies used NAMCS, the small discrepancy is due to an
important methodological distinction. Hsiao et al defined primary care practices by
including traditionally primary care specialties such as general and family practice,
internal medicine, pediatrics, and obstetrics and gynecology. This study defined primary
care by including all visits where the Patient Record Form indicated the clinic was the
patient’s primary care provider; this more inclusive method acknowledges that primary
care is sometimes delivered by specialists that were not accounted for in Hsiao’s study.

From 2007 to 2012, the average rate of increase of visits with at least basic EHRs
(25.89%) is driven in large part by the rate of increase of advanced EHRs. Contrary to the
initial hypothesis that basic EHRs would grow faster than advanced EHRs, the study
found advanced EHRs grew faster (32.03%) than basic only EHRs (17.30%). A
methodological difference between this study and Hsiao’s study, which the hypothesis
was based on, may be the reason for the incorrect hypothesis. Although Hsiao et al

examined annual levels of basic and advanced EHRs, their definition of “basic” was more
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aligned to this study’s definition of “at least basic” (Hsiao et al., 2014). In other words,
Hsiao did not isolate EHRs that were “basic only” and instead their basic definition was
inclusive of advanced EHRs.

The absolute difference in visits with advanced EHR between 2007 and 2012
percentages (19.10%), was also more than double the difference in basic only EHRs
(7.54%). These results indicate that among primary care visits that met the at least basic
EHR threshold, more practices opted to adopt advanced EHR rather than the minimum
basic EHR standard. This trend is particularly apparent after 2009, the year the HITECH
Act became law. Table 8 and Figure 6 show that after 2009, the percentage of advanced
EHRs increased while the percentages of practices with basic only EHRs was relatively
unchanged. The results suggest that after the passage of the HITECH Act, instead of
building up their EHR capacity from basic to advanced, primary care practices were
going straight to adopting advanced EHR systems that would fit with the law and
Meaningful Use requirements.

Patient and practice characteristics predicted EHR

The predictors of visits with basic only and advanced EHRs were evenly split
between patient characteristics, such as source of payment and race, and practice
characteristics, such as ownership and size. Practice characteristics are important as
adoption of EHR requires significant financial and organizational investments. This study
found visits to practices owned by insurance companies or health management
organizations are over four times more like to have an advanced EHR and 2.26 times
more likely to have a basic EHR compared to practices owned by a physician or

physician group. Further exploration of this relationship may find that payer-owned
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practices are equipped with EHRs for population health management purposes that are
core to insurance business models. The EHRs may facilitate quality reporting and care
management. Additionally, EHRs in practices owned by payers may also be used as a
tool to calculate payment. Not surprisingly, solo practices were least likely to adopt basic
or advanced EHRs. Small practices are more acutely affected by financial and
organizational barriers, particularly struggling with the significant upfront and
maintenance costs of EHRs (Xierali et al., 2013). They may also not have the staff
capacity and time to transition from paper to electronic records or adapt the EHRs to
clinical workflow.

Patient factors associated with EHR should be interpreted as the likelihood the
primary care visit occurred at a physician office with an EHR, not whether the physician
chose to use the EHR based on the patient characteristics. Adult patient visits are more
likely to practices with basic and advanced EHRs compared with patients under 18 years
old. This could mean that pediatric primary care physician practices have been slower to
adopt EHRs. Further studies could examine the differences between pediatric and adult
physician preferences and barriers to EHR adoption. There is a significant association
between race and EHR as White patients were 35% more likely to have a primary care
visit with an advanced EHR compared to non-White patients. It is unclear whether race is
a predictor of EHR or if it is confounded by other socioeconomic factors such as income
or employment status.

Source of payment significantly predicted basic EHRs, but did not predict
advanced EHRs. These factors, such as reimbursement rates, often influence the financial

status of the physician offices. It could be that practices predominantly serving Medicare
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patients are 37% more likely to have basic EHRs because of they want to more efficiently
manage the population to gain maximum reimbursement. Self pay/uninsured patient
visits are 42% less likely to be at a practice with a basic EHR because those practices
often provide uncompensated care and are too financially constrained to purchase EHR
systems.

Patient, payment, and geographic characteristics predicted appropriate orders for

colonoscopy; EHRs were not significantly associated

Anderson’s Behavioral Model of Health Services Use conceptualized the
population and health care system characteristics that affect use of services. Appropriate
use of services is an indicator of quality of care. This study considered appropriate orders
of sigmoidoscopy and colonoscopy for men and women 50-75 years old without a history
of colectomy. In comparison to older adults (65 years and older), visits with adults 18-64
years old were 60% more likely to receive an order for colonoscopy. This result may be a
factor of the age bands created for this study — as the adult population included more
years of appropriate use than the older adult population. Older adults, especially elderly
adults 75 years and older, are less likely to be screened for colorectal cancer. Physicians
and patients consider diminished life expectancy, comorbidities, and potential risk when
ordering colonoscopy (Travis, Anne, Pievsky, Daniel, & Saltzman, John, 2012; Wilson,
2010). The USPTF recommends no colorectal cancer screening for people 75 years and
older who had been screened regularly previously with no elevated risk factors (USPSTF
et al., 2016). For people 76-85 who were not regularly screened, the USPSTF
recommends the decision to screen is based on health status and competing risk. The

USPSTF recommends no screening for people older than 85.
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Consistent with literature, screening is less likely for lower socioeconomic people.
Medicaid patient visits were 58% less likely to receive orders for colonoscopy compared
to private insurance. This could be that Medicaid recipients are less knowledgeable or
willing to accept colorectal cancer screening because of level of education, income, or
culture (American Cancer Society, 2014). The lower Medicaid screening rates could also
be that Medicaid providers are less likely to recommend screening because of knowledge,
capacity, or preference (American Cancer Society, 2014). Visits to solo practices were
also less likely to order colonoscopies by 28% at p<0.1, possibly because of fewer clinic
resources and capacity for physicians to make the recommendation or spend the time to
discuss screening with patients. Primary care visits in the Northeast were 56% more
likely to order a colonoscopy compared to Western states. States such as Massachusetts
and New Hampshire have among the highest colorectal cancer screening rates in the
country because they have relatively fewer poor or uninsured people (American Cancer
Society, 2014).

There was no difference in odds between male and female patient visits. The 95%
confidence interval is 0.64 to 1.05, which supports previous studies suggesting the
closing of the colorectal cancer screening gender gap (American Cancer Society, 2014).
Race, as measured by White versus non-White patients, was not a predictor even though
Mishuris and Linder found non-White patients were 1.5 times more likely to receive an
order for colonoscopy (R. Mishuris, Linder, Bates, & Bitton, 2014). Mishuris and Linder
might have found statistically significant odds because they used both NAMCS and the
National Hospital Ambulatory Care Survey. Although hospital ambulatory clinics deliver

primary care, the nature of the care delivered is different with regard to setting within a
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hospital system and a more racially diverse patient population — study design differences
that might explain the difference in results with this study that uses NAMCS only (Hing
& Uddin, 2010). Even though race did not seem to be a factor for order of colonoscopy, it
is important to keep in mind that the data does not reflect whether the patient actually
completed a colonoscopy. Previous studies have found that White patients are more
likely to complete a colonoscopy — which is the ultimate goal for appropriate colorectal
cancer screening (Pollack et al., 2006).

Deviating from the hypothesis, visits to practices with basic and advanced EHRs
did not predict colonoscopy orders. The point estimates for basic EHR was 0.89 (C1 0.57-
1.39) and advanced EHR was 0.74 (C1 0.51-1.08) were not significant at p<0.05. The
presence of advanced EHR also did not modify the likelihood of colonoscopy order
between White and non-White patient visits. These results indicate that the mere presence
of an EHR is not an indicator of higher quality of care. Electronic health record systems
and the contemporary use of them in clinical care are complex. Perhaps the e-reminder
functions were not designed specifically to identify patients who would benefit from a
routine colonoscopy. A limitation of the NAMCS data is that we do not know whether
the EHR functionalities were tailored to clinical needs or aligned with efforts to improve
colorectal cancer screening. Future large scale studies should examine the association
between colonoscopy and EHR systems that have tailored e-reminders for colorectal
cancer screening, as single-center studies have been able to show.
Age and practice ownership predicted advanced imaging orders during head pain

visits; Basic EHRs increased likelihood of imaging
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Orders of computed tomography during visits with head pain did not increase in
primary care physician offices from 2007 to 2012. In fact, there was a statistically
significant decrease — practices in 2012 were 66% less likely to order a CT compared to
2007. This finding is contrary to broader trends and health policy concerns about the
increase in unnecessary advanced imaging, especially CT, as a driver of health care costs
and excessive exposure to radiation. One explanation may be increased awareness due to
campaigns such as Choosing Wisely, which launched in 2012. It could also be that
patients are seeking scans elsewhere. For issues of head pain that might result in CT,
either at the request of the patient or recommendation of the physician, patients may be
more likely to present in emergency departments where there has been an increase in CT
scans for non-serious conditions (Tong et al., 2016).

Still, there are factors that seem to increase the likelihood of CTs at visits related
to head pain. Patients 18-64 years old are 3.2 times more likely to be ordered a CT
compared to children and adolescents under 18 years old. This is consistent with previous
findings that the majority of imaging tests are performed on adults (Tong et al., 2016).
Adults are able to seek care for themselves, request tests, and may weigh the risks and
benefits differently from parents and the elderly. Interestingly, on the practice side, visits
to practices owned by an insurance company or health management organization had CTs
nearly 3 times more than visits to physician or group practices. Since insurance
companies and HMOs manage risk, the primary care practices they own may be more
likely to order CTs as a measure to rule-out the possibility of more severe diagnoses.

Several patient and practice characteristics were not significant at p<0.05 but

significant at the 90% confidence interval. The point estimate suggests that White patient
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visits were 47% less likely to be ordered a CT for head pain compared to non-White
patient visits. Further studies should confirm the relationship between race and advanced
imaging, and whether there are other factors related to race that impact utilization. Other
and unknown source of payment (excluding Medicare, Medicaid, and self-pay) was 2.53
times more likely to order a CT compared to private insurance. In NAMCS, “other”
sources of payment included worker’s compensation and state and local health programs.
These programs may be less restrictive on physicians who recommend CT for patients;
and in the case of worker’s compensation, physicians may be required to perform CTs as
part of the worker’s claim.

It is unclear whether electronic health records are associated with CTs for head
pain visits. Visits to primary care practices with only basic EHR functionalities are 86%
more likely to order a CT at the p<0.1 level. Systems with the full array of advanced
functionalities are 83% more likely to order a CT but at p>0.1 levels. The association
between basic EHRs and CTs suggests that EHRs may not have the intended effect at
reducing unnecessary scans. It is possible that this is a signal of a practice’s overall
inclination to use medical technology.

Although this study found an overall decrease in orders for CT related to head
pain, there are still factors that increased the likelihood of tests. Of course, the data does
not show with certainty that patients needed the tests for reasons not documented in the
patient record form. Given the long-term risks of CT and radiation exposure, however,

providers and policymakers should continue to promote the appropriate use of the tests.
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Policy Implications

The health care delivery system in the United States is on an irreversible course
toward digitization. This transformation, which started half a century ago with the first
mainframe computers in just a few large hospitals, is still ongoing. Today, due to
advances in information technology writ large and the $29 billion of federal investment
in the HITECH Act, adoption and use of health information technology has increased
dramatically. Just as pen and paper gave way to word processors for writers, more and
more health care providers are giving up paper records for electronic ones.

Inputting patient information into electronic health record systems fundamentally
changes the way information is stored, retrieved, and used for patient care. While most
providers and institutions initially installed health IT to ease administrative and financial
burdens, such as scheduling and billing, electronic health records have been seen as
essential to improving health care quality since the 1990s. The notion was, and still is,
that digitized and automated information management tools help physicians collect and
process information in order to make the best possible clinical recommendations.
Electronic health records can have basic functionalities such as a digitized problem lists
to more advanced functionalities that actually assist in patient care, referred to as clinical
decision support. This type of technology can be especially useful to primary care
physicians who provide integrated, continuous and patient-centered care that is critical to
maintaining the health of an individual and a community. holistic care and require
comprehensive patient information.

Although this study focused on just a small corner of health care, it provides a

narrative that will help policymakers and practitioners understand the issues and
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challenges associated with EHR use and quality. This study had two major aims: to
estimate the extent EHRs are in primary care visits and to investigate if EHRsS were
associated with any changes in colorectal cancer screening and neuroimaging.

What this study found was remarkable growth in EHR adoption from 2007 to
2012. Adoption of more sophisticated systems noticeably accelerated after 2009, most
likely as a direct result from the passage of the HITECH Act. Even before all of the
regulations were finalized, the HITECH Act was a clear signal to providers that EHRs
were the future. The Act empowered the Office of the National Coordinator to help
providers achieve Meaningful Use and receive incentive payments through a series of
support programs such as the Regional Extension Centers, workforce training, and virtual
peer-to-peer learning platform. Other initiatives, public or private, to redesign care
delivery also recommended or required the use of EHRs. Holistic management of patient
needs, effective coordination, and information sharing between providers are the basis of
patient-centered medical homes (PCMH) and accountable care organizations (ACO) and
can be facilitated through interoperable EHRS.

The widespread adoption, however, was not yet associated with higher quality
care as Congress intended. While findings suggested gaps in quality, there was not a
strong indication that EHRs either increased the chances of colorectal cancer screening
for people 50 to 75 years old or reduced the likelihood of CTs for head pain. Digitizing
patient information into EHRs, with either basic or advanced functionalities, does not
seem to be enough to improve care.

The reason EHRSs have not yet had a broad impact on improving care is likely

two-fold. First is a user and technological challenge. It is important to recognize that
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EHRs were just being introduced into practices during the study period, between 2007
and 2012. Electronic health record systems were likely not used to its maximum
capabilities because of cost, lack of training and knowledge, and difficulty implementing
the technology within practice operations (Goldberg et al., 2012). These burdens,
particularly in the transition period, add up to the sense among physicians that EHRs
interfere with their ability to deliver high-quality care (Friedberg, 2013). The earlier study
period also might not have captured more recent advances in health information exchange
and interoperability between systems that would improve quality. For example,
interoperability would allow providers sharing a patient to see whether the patient was
recommended for and followed through with colorectal cancer screening, and would
prompt a conversation if a step was missed.

Poor design of the EHR systems is partly responsible for the rocky experience
among users. Although user-centered design was a requirement in the HITECH Act,
many of the EHR vendors did not work with clinicians in the development phases to
create a product that aligned with clinical workflow and provider and patient needs.
Instead, vendors rushed to create products that complied with the Office of the National
Coordinator for Health IT’s EHR Certification Program that was required for providers to
demonstrate Meaningful Use; this resulted in products that “checked the box” on the
regulatory front but had lesser emphasis on usability.

It will take time for physicians and practice staff to learn how to best use EHRs
for day-to-day patient care; and it will take time for the industry to bring forward better,
user-centered systems. At a health IT user experience conference, CMS Acting

Administrator Andy Slavitt said CMS was committed to taking a “user-centered approach
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to designing policy (Slavitt, 2016a).” What user-centered means in health IT is still
coming into focus but at the least includes elements of visualization, integration into
clinical workflow, and connectivity between different systems. Understanding,
disseminating, and implementing user-centered EHRs would require substantial
investments in research and design with multidisciplinary input; doing so would improve
the usefulness of EHRs and functionalities such as clinical design support.

The second piece that might explain the disconnect between use of EHR and
higher quality care is that low-quality care still persists in the US. This issue is more
complex and challenging to address compared to creating a more user-friendly and
clinically relevant EHR system. Although this study has data limitations, it does suggest
issues of underuse and overuse. Of all primary care visits between 2007 and 2012,
Medicaid recipients were 58% less likely to receive an order for colonoscopy compared
to those on private insurance. Advanced imaging for visits with head pain still seems to
occur despite the risks of radiation and low likelihood of detecting disease. The key
question, therefore, is why poor quality care still exists. Why doesn’t every patient who
should get a colonoscopy get one?

Individual patient, provider, organizational, and system factors influence quality,
as Anderson’s model explains. Specifically, issues such as flawed financial incentives,
inadequate physician knowledge, and organizational culture that does not support quality
improvement all contribute to lower quality care. The root may also go as far as flaws in
the current medical education system and the fact that our society’s culture tends to

reward ego over empathy.
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Real change in quality will require a gamut of coordinated reforms guided by a
clear overarching strategy. There is no single silver bullet that will eviscerate the
problems with poor quality care. However, while false hope should not have been placed
on EHRs as it was leading up to the HITECH Act, electronic health records will
nevertheless be critical to achieving gains in quality. Said another way, EHRs are
necessary but not sufficient to really improve health and health care. Part of the
multifaceted strategy to improve quality could be to create EHRs that target specific and
known problems. For example, EHRs may have features that alert physicians to order
colonoscopies for their Medicaid patients since those on Medicaid are less likely to be
referred compared to privately insured patients. Of note, there are already practices
successfully using EHRs to improve quality. Though this study did not focus on high-
performing practices or practices participating in a PCMH or ACO, continued learning
and dissemination of system and user best practices will help others achieve
improvements.

The health care system is at a crossroads with regard to how it uses electronic
health records, particularly as a tool to improve patient care. We have seen the greatest
increase of EHRs in recent years since its first iteration came about four decades ago. As
a regulatory framework, most policymakers and observers would agree that Meaningful
Use was successful in stimulating EHR adoption. Yet many, including Andy Slavitt,
would likely concede that it was less successful in improving care. How government and
industry addresses this issue will determine how much impact health IT and EHRs have

on quality. At a conference in December 2016, Slavitt said:
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“We heard from physicians who are fed up that their EHRs do not support patient
care. Clinicians want technology that make their jobs easier, match their
workflows, and give them access to needed data... For a variety of reasons, EHRs
became an industry before they became a useful tool. The technology community
must be held accountable by their customers and make room for new innovators
and to give clinicians more freedom and more flexibility to focus on their patients,

to practice medicine, and deliver better care (Slavitt, 2016b).”

Slavitt’s statement was made at the inaugural ‘MACRA/MIPS’ Summit, referring to the
Medicare Access and CHIP Reauthorization Act of 2015 and the Medicare Incentive
Payment System the law created. In MACRA, Medicare physician payments will be
linked to whether they delivered high-quality care. It is in MIPS that CMS hopes to right
the course of EHR use and achieve what Meaningful Use could not. Since the Advancing
Care Information domain of MIPS was written to reflect Stage 3 Meaningful Use
requirements, CMS effectively has a new framework to allow for its EHR strategy to
evolve. Although MACRA only affects Medicare physician payment, other payers will
likely follow.

This study is presented at a time of great uncertainty. With President-elect Donald
Trump and Republican-controlled Congress vowing to overhaul the health care system, it
is unclear exactly how that will take shape. Vast changes could be made to the public and
private insurance sector that would significantly affect the number of people insured and
the services their health plans cover. Insurance status and source of payment, as

demonstrated in this study, are just two factors that influence the delivery of quality care.
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The future of health IT and EHRs under the new political environment is also unknown,
and so far has not been explicitly stated as a policy priority of the incoming
administration. With the current focus on Medicaid reform, it is unclear how the new
CMS administrator will implement MACRA and if she would prioritize improving EHRS
to improve care a priority. The reality is, however, these issues are larger than who is
politically in charge. Representing nearly one fifth of the economy, implementing change
is difficult in health care, whether it is creating something new or taking something away.
The issue that lays ahead is how stakeholders, particularly government, harness the
massive economic strength in health care into one that aims to deliver high-quality care

and implements tools and strategies such as EHRs to achieve that goal.
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Chapter VI: Limitations

This study had a number of limitations. The observational unit in NAMCS was a
visit; which means it was possible that multiple visits by the same patient were sampled
in the same frame. The datasets also contained missing elements, such as race/ethnicity
information and diagnoses, which were imputed by NCHS.

An affirmative answer to the survey question “Is this clinic the patient’s primary
care provider?” was used to create the primary care population. This method ensured the
included visits were indeed to a primary care provider, regardless of specialty. However,
some primary care visits could have been inappropriately excluded for several reasons.
Specialty providers may have provided the primary care but did not consider themselves
as primary care providers. General, internal, and family medicine providers that provide
the majority of primary care might not have answered the question affirmatively if there
was insufficient history with the patient to justify designation as the patient’s primary
care provider. Variation in who completed the NAMCS patient record forms could have
also contributed to inaccuracies and inconsistencies.

It is possible that regression models did not include all relevant independent
variables. For example, NAMCS does not provide detailed information about practice
size, which could impact EHR adoption. EHR adoption and associations with service
delivery were overestimated. There was no information confirming whether the specific
components of the EHR were used or how they were used during the patient visit. The
datasets also lacked specific details about the CDS and e-reminder systems and what care
processes they targeted. Additionally, as Furukawa noted, NAMCS did not provide

contextual measures such as the status of EHR implementation, software maturity or
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systems integration, user acceptance and satisfaction, or the extent of organizational
change and workflow redesign (M. F. Furukawa, 2010).

In quantifying the utilization of primary care services, NAMCS did not
distinguish between ordering and providing the screening and diagnostic services. Based
on the literature, and for the purposes of this study, it was assumed colonoscopy and
diagnostic imaging were ordered by the primary care provider rather than performed in
the clinic. While the study design attempted to create a relevant patient population —
such as excluding patients with a history of colectomy out of the colonoscopy-eligible
population — there was no way to judge with full confidence whether orders were
appropriate or inappropriate beyond patient demographics and medical history
indications.

For colorectal cancer screenings, actual screening rates could have been either
overestimated or underestimated. NAMCS coding combined sigmoidoscopy and
colonoscopy. Since sigmoidoscopy is rarely ordered in the primary care setting, it was
assumed that any visits associated with the SIG/COLON code had a colonoscopy —
therefore, there is a chance for colonoscopies were slightly overestimated. Fecal occult
blood tests (FOBT), an alternative to colonoscopy, may have been ordered but not
captured in the survey. However, according to care guidelines, positive FOBT are always
followed by a colonoscopy. NAMCS also did not provide the specific location of
diagnostic imaging, such as the head. Therefore, estimates of neuroimaging relied on the
assumption that diagnostic imaging of the head were ordered as a result of reasons of

visits related to head pain in the inclusion group.
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The retrospective and cross-sectional design of the study did not allow for
examinations of changes over time. Sampled hospitals and provider offices were blinded
in the public files, which inhibited the ability to perform longitudinal studies. The
correlational research could not be used to infer any causal relationships between
provider and patient characteristics and EHR systems, nor EHR systems and primary care
services. The correlations derived from multivariable logistic regressions only provided
information about the relationship between the variables, but were not enough to
conclude that one variable caused another.

There were potential threats to interpreting the relationship between the
independent and dependent variables. In several of the research questions, particularly the
race-related EHR and colorectal cancer screening questions, there were issues with
statistical power. The study design followed NCHS’ recommendations to increase the
reliability of estimations by combining NAMCS over multiple years. Although the
analyses satisfied the NCHS guideline to have at least 30 observations for reliable
estimations, this study would have benefited from a larger sample size. Adding more
years in the future, beyond 2010, could possibly yield different results.

The correlational studies in Research Questions #2 through #5 were susceptible to
threats of internal validity, despite the use of widely accepted control mechanisms. There
was a threat of history, in which events that were not captured in the regression model
affected the dependent variables. For example, primary care clinics with EHRs may have
had other quality improvement initiatives that aimed to increase colorectal cancer
screening and reduce unnecessary head imaging. There may also have been fundamental

differences between the clinics with and without EHRs that could have affected the
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primary care service dependent variables. Furthermore, NAMCS did not indicate how
long the clinics have had the EHR systems, which could have affected the level of use
and the systems’ impact on utilization and quality. Some of the threats to internal validity
were also threats to external validity. There may be novelty effects associated with EHR
systems whereby the technology was so new that providers did not use it in the way it
was intended. External validity was also threatened by the occurrence of events or
characteristics that were outside of the data captured. Overall, external validity was
strengthened to the extent that NAMCS were representative samples of the ambulatory
care visit population.

Despite the study’s limitations, greater understanding of the factors that were
associated with EHR adoption and the relationship between EHRs and health care
utilization was critical. Primary care services and primary care providers in particular
have an important role in improving the health of the population. This study added to the
body of evidence that could be used to continually refine policies and financial

investments that promote EHR adoption and improvements in health care quality.
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Appendices

Appendix 1. Stage 1 Meaningful Use Criteria

Eligible Professionals — Core Objectives

1.

8.

Use computerized provider order entry for medication orders directly entered by
any licensed healthcare professional who can enter orders into the medical record
per state, local and professional guidelines.

Implement drug-drug and drug-allergy interaction checks.

Maintain an up-to-date problem list of current and active diagnoses.

Generate and transmit permissible prescriptions electronically (eRx).

Maintain active medication list.

Maintain active medication allergy list.

Record all of the following demographics:

a. Preferred language

b. Gender
c. Race
d. Ethnicity

e. Date of birth
Record and chart changes in the following vital signs:
a. Height
b. Weight
c. Blood pressure

d. Calculate and display body mass index (BMI)
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10.

11.

12.

13.

14.

e. Plot and display growth charts for children 2-20 years, including BMI
Record smoking status for patients 13 years old or older.
Report ambulatory clinical quality measures to CMS, or in the case of Medicaid
EPs, the States.
Implement one clinical decision support rule relevant to specialty of high clinical
priority along with the ability to track compliance with that rule.
Provide patients with an electronic copy of their health information upon request.
Provide clinical summaries for patients for each office visit.
Protect electronic health information created or maintained by the certified EHR

technology through the implementation of appropriate technical capabilities.

Menu Set Objectives

=

Implement drug formulary checks.

Incorporate clinical lab-test results into EHR as structured data.

Generate lists of patients by specific conditions to use for quality improvement,
reduction of disparities, research, or outreach.

Send patient reminders per patient preference for preventive/follow-up care.
Provide patients with timely electronic access to their health information within 4
business days of the information being available to the EP.

Use certified EHR technology to identify patient-specific education resources and

provide those resources to the patient if appropriate.
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7. The EP who receives a patient from another setting of care or provider of care or
believes an encounter is relevant should perform medication reconciliation.

8. The EP who transitions their patients to another setting of care or provider of care
or refers their patient to another provider of care should provide summary care
record for each transition of care or referral.

9. Capability to submit electronic data to immunization registries or immunization
information systems and actual submission according to applicable law and
practice.

10. Capability to submit electronic syndromic surveillance data to public health

agencies and actual submission according to applicable law and practice.
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Appendix 2. NAMCS Data Sampling Strategy

A county, a group of counties, county equivalents, towns, townships, minor civil divisions, or
a metropolitan statistical area. NHAMCS selected 112 PSU that were subsample of PSUs used
by the National Health Interview Survey (NHIS). The sample includes with certainty 26 NHIS
PSUs with the largest populations, 13 of the next 26 largest PSUs, and one PSU from each of
the 73 PSU strata formed from the remaining NHIS PSU sample.

Primary
Sampling
Unit

+Within each PSU, all eligible physicians are stratified into fifteen specialty groups: general
and family practice, osteopathy, internal medicine, pediatrics, general surgery, obstetrics
and gynecology, orthopedic surgery, cardiovascular diseases, dermatology, urology,
psychiatry, neurology, ophthalmology, otolaryngology, and "all other" specialties.

First, the total physician sample was divided into 52 random subsamples of approximately
equal size, and each subsample was randomly assigned to 1 of the 52 weeks in the survey
year. Second, a systematic random sample of visits was selected by the physician during the
assigned week.

*More than half of the NAMCS Patient Record forms submitted in 2009 (51.5 percent) were
abstracted by Census Bureau staff rather than by the physician or medical office personnel.
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Appendix 3. EHR Questions in NAMCS (2007-2012)

2007 2008 2009 2010 2011 2012
Does your practice use Does your practice use Does your practice use Does your practice use Does your practice use Does your practice use
ELECTRONIC ELECTRONIC ELECTRONIC electronic MEDICAL electronic MEDICAL electronic MEDICAL

MEDICAL RECORDS
(not including billing
records)?

MEDICAL RECORDS
(not including billing
records)?

MEDICAL OR HEALTH
RECORDS (not including
billing records)?

record or electronic
HEALTH record system?
Do not including billing
records.

record or electronic
HEALTH record system?
Do not including billing
records.

record or electronic
HEALTH record system?
Do not including billing
records.

Does your practice have a
computerized system for
patient demographic
information?

Does your practice have a
computerized system for
patient demographic
information?

Does your practice have a
computerized system for
patient demographic
information?

Does your practice have a
computerized system for
patient history and
demographic information?

Does your practice have a
computerized system for
patient history and
demographic information?

Does your practice have a
computerized system for
patient history and
demographic information?

Does this include
patient problem lists?

Does this include
patient problem lists?

Does this include
patient problem lists?

Does this include
patient problem lists?

Does this include
patient problem lists?

Does this include
patient problem lists?

Orders for prescriptions?

Orders for prescriptions?

Orders for prescriptions?

Orders for prescriptions?

Orders for prescriptions?

Orders for prescriptions?

Avre there warnings of
drug interactions or
contraindications
provided?

Are there warnings of
drug interactions or
contraindications
provided?

Avre there warnings of
drug interactions or
contraindications
provided?

Avre there warnings of
drug interactions or
contraindications
provided?

Are there warnings of
drug interactions or
contraindications
provided?

Are there warnings of
drug interactions or
contraindications
provided?

Orders for tests?

Orders for tests?

Orders for tests?

Orders for lab tests?

Orders for lab tests?

Orders for lab tests?

Are orders sent
electronically?

Are orders sent
electronically?

Are orders sent
electronically?

Are orders sent
electronically?

Avre orders sent
electronically?

Avre orders sent
electronically?

Viewing of lab results?

Viewing of lab results?

Viewing of lab results?

Viewing of lab results?

Viewing of lab results?

Viewing of lab results?

Are out of range levels
highlighted?

Are out of range levels
highlighted?

Are out of range levels
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