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ABSTRACT 

 

Over the past decade, the federal government has launched several initiatives aimed at 

increasing the rate of adoption of Health Information Technology with the goal of 

improving the quality of care while reducing the cost of care. One of the primary 

mechanisms suggested for reducing the cost of care is to decrease the ordering of 

unnecessary and redundant diagnostic tests. This thesis examines the effects of HIT 

adoption on trends in test ordering to estimate the real effect of technology use on 

ordering practices. Analyzing over 100,000 patient visits to providers and using an 

instrumental variable to eliminate endogenous variation in provider characteristics that 

might bias the results, I find that the use of HIT actually increases the ordering of 

diagnostic tests, contrary to the claims of policy makers. This increase is consistent with 

the theory that HIT adoption increases the efficiency with which tests are ordered, 

performed and resulted, and that this efficiency increase dominates any decrease in the 

medical necessity of the tests and procedures. Further investigation shows that the effect 

of HIT use is not homogenous for all patients and physicians. HIT use is associated with 

less testing for certain patient groups, such as new patients and patients who visit the 
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same physicians several times in a year, and it is associated with more testing for certain 

provider groups, such as those who work in clinics with laboratory equipment.   

 While this work suggests that the promise of HIT may not be met in its current 

implementation across the country, more work needs to be done to understand the exact 

mechanisms through which this technology increases testing, whether the additional tests 

provided benefit to patients, and how future policies might be crafted to achieve the basic 

goal of improving care while reducing costs over the long run. 
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INTRODUCTION 

 

 Like much new technology, adoption of Health Information Technology (HIT) 

has served as a blank canvas on which policy makers and healthcare organization 

administrators can project their hopes. Both Presidents George W. Bush and Barack 

Obama expressed high hopes for HIT during their time in office. During his 2004 State of 

the Union address, President Bush said that, “By computerizing health records, we can 

avoid dangerous medical mistakes, reduce costs and improve care.”
1
 Later that year, 

President Bush again raised the potential benefits of HIT, stating "One of the amazing 

discrepancies in American society today is we're literally changing how medicine is 

delivered in incredibly positive ways, and yet docs are still spending a lot of time writing 

things on paper… Sometimes it's difficult to have the spread of accurate information so 

that doctors can make good decisions."
2
 President Bush’s concrete steps towards HIT 

adoption included the creation of an Office of National Coordinator of Health 

Information Technology, which, with Executive Order 13335, was required to “report 

within 90 days of operation on the development and implementation of a strategic plan to 

guide the nationwide implementation of HIT in both the public and private sectors.”
3
 

That Office is still the central actor for the government’s interaction with healthcare IT. 

 President Obama continued and amplified President Bush’s interest in supporting 

HIT adoption. During the 2008 election, then Senator Obama came out strongly in 

support of HIT. 

“We will reduce waste and inefficiency by moving from a 20
th

 century healthcare system 

based on pen and paper to a 21
st
 century system based on the latest technology. 

According to one study just by transferring medical records from those yellowing old 

pages in a filing cabinet to electronic records on computers we could save 77 billion 
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dollars a year. And we can save lives too by reducing deadly medical errors, ensuring that 

doctors and nurses spend less time with paper work and more time with you, the 

patient.”
4
  

 

President Obama continued to support Electronic Medical Records as part of the two 

signature initiatives of his first two years in office: the stimulus package (American 

Reinvestment and Recovery Act) and the Health Reform law (Patient Protection and 

Affordable Care Act). In a speech largely dedicated to the necessity of ending the 

“unsustainable course that threatens the financial stability of families, businesses and 

government itself,” President Obama explained that “because much of every healthcare 

dollar is spent on billing, overhead and administration, we are computerizing medical 

records in a way that will protect our privacy and that’s a step that will not only eliminate 

waste and reduce medical errors that cost lives, but also let doctors spend less time doing 

administrative work and more time caring for patients.”
5
 Clearly, HIT was envisioned as 

a path to save money through reduced errors and redundant tests. 

 President Obama’s main initiative to support HIT adoption was the passage of the 

Healthcare Information Technology for Economic and Clinical Health (HITECH) Act, 

which included $19 billion dollars as a subsidy to encourage adoption of HIT with the 

ultimate goal of “Saving the government $10 billion, and generating additional savings 

throughout the health sector, through improvements in quality of care and care 

coordination, and reductions in medical errors and duplicative care.”
6
 In order to receive 

financial incentives for HIT use, physicians and hospitals are required to care for a 

certain percentage of Medicare and/or Medicaid patients and demonstrate “Meaningful 

Use” of electronic medical records.
7
 Each eligible practice could receive $44,000 from 
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Medicare and over $21,250 from Medicaid if they qualified for the maximum incentives. 

Bruen et al estimate that over four fifths of all office based physicians should be eligible 

for the incentive, with the percent of eligible physicians differing by specialty.
8
 While 

fewer physicians may actually receive the incentives, and many will earn only a portion 

of the potential maximum, the opportunities for funding are clearly substantial and could 

shift the way HIT is adopted. Congress left the detailed criteria required to qualify for 

“Meaningful Use” up to expert committees appointed specifically to define what 

constituted “Meaningful Use”.
9
  These committees represented a chance for the 

government to work with private experts to codify the steps of HIT adoption that will 

lead to real and lasting benefits. 

 The high hopes and broad rhetoric used by the past two Presidents to describe the 

benefits of adoption of HIT has led to sustained investigation into whether or not HIT in 

its current form is providing the benefits that leaders envision. It will take a number of 

years for Meaningful Use standards to fully reshape the way HIT is used. In the 

meantime, research into the effects of adoption on patient outcomes, efficiency and the 

frequency of medical errors has continued. While some of these findings might change 

with the adoption of government standards, they represent the real benefits of HIT as it 

has been adopted by the private sector prior to specific regulation. That adoption has been 

far from uniform, with a multitude of vendors, types of systems, and approaches to 

Electronic Medical Record (EMR) use propagating throughout the healthcare sector. 

 The primary interest of this study is the effects of EMR adoption on the use of 

diagnostic tests in the ambulatory setting. Redundant diagnostic tests are one of the 
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sources of inefficiencies that both Presidents Bush and Obama envision being eliminated 

by greater technology use. Anish Jha et al estimate that eliminating redundant lab and 

radiology tests would create savings of $8.2 billion annually.
10

 Many provider leaders 

echo the sentiment expressed by political leaders that HIT adoption will reduce the 

number of redundant tests needed. Dave Seamen, chief executive of Pronger Smith 

Medical Care stated that, “Most physicians will tell you that if you give me your 

prescriptions that you are on and show me your lab tests, that tells a pretty good snapshot 

of a patient,” and that information should be more available with an EMR.
11

 Other 

physicians note the current difficulties in receiving labs from other physicians using 

paper records and imagine an easier system using electronic exchanges.
12

  

 Yet while adopting EMRs may reduce the need for redundant tests, it also 

fundamentally reshapes the costs of ordering and performing tests. Indeed, most 

economics textbooks use technology change as their primary example of a positive 

supply shock. In a perfectly competitive market, that increased efficiency is theorized to 

drive down equilibrium prices ceteris paribus, however, in the administered price context 

of the health care system, the failure of insurers and especially Medicare and Medicaid to 

adjust prices in response to this increased efficiency may result in increased supply at a 

constant price. So, while increased information due to EMR adoption may drive 

utilization of diagnostic tests down, increased efficiency in the production of tests would 

increase utilization. With these countervailing theoretical effects, quantitative analysis is 

required to reveal the dominant effect. 
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LITERATURE REVIEW 

 

 A review of the literature reveals that while some work has been done to examine 

whether the ordering of tests is reduced with EMR adoption, the evidence remains spotty, 

focused on inpatient care, and, open to interpretation. Early studies by Tierney et al. 

pointed to large potential decreases in utilization due to adoption of Electronic Medical 

Records. From 1988 to 1993, Tierney reported decreases in the number and cost of tests 

given and the cost of admissions.
13

 Since that result, more detailed studies examining the 

effects of EMR adoption and efficiency changes in healthcare have been undertaken. 

Many studies examined the relationship between clinical support systems and the 

appropriateness of orders.
14

 There is some support in the literature for clinical decision 

support systems’ abilities to improve the appropriateness of tests both in inpatient and 

outpatient settings.
15

 Yet, as Vartanians et al note, the benefit of clinical decision support 

systems depends on the quality of the guidelines offered, and due to a lack of research on 

the comparative effectiveness of procedures, that information is not always available.
16

 

The implementation of high quality and beneficial clinical decision support is a 

fundamentally different policy intervention than the propagation of EMRs, one that 

requires serious and separate investment in research. And to be effective, clinical decision 

support must be presented to clinicians, not transcriptionists. As a result, some of the 

studies that found significant improvements in the percentage of orders adhering to 

guidelines after the implementation of decision support guidelines also saw a major 

increase in the number of clinicians placing orders themselves, a potential source of bias 

as a movement toward physician order entry, rather than non-clinician order entry, might 
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be expected to improve adherence to guidelines and the amount of information in patient 

charts that indicates conformity to the guideline.  

Apart from studies focused on decision support, several other studies focus on the 

trends in ordering for inpatient services when Computerized Provider Order Entry is 

instituted. Adam et al measured the number of diagnostic tests ordered for patients with a 

chief complaint of chest pain during the same 3-month period both before and after the 

introduction of a CPOE system at the Vanderbilt level 1 trauma center.
17

 They found 

statistically significant increases in orders placed for patients after CPOE was introduced, 

indicating that CPOE did not result in less tests. Park et al similarly found a significant 

increase in daily orders for inpatients with specific diseases at one hospital, measuring 

patients prior to and 3 months after the introduction of CPOE.
18

 In the outpatient context, 

Sistrom et al used a time-series regression to find the change in growth rate of MRI, CT 

and US tests for years prior to the implementation of CPOE and for years following 

implementation. Contrary to both Adam’s and Park’s finding, Sistrom et al found a 

decrease in the growth rate of the utilization of these tests, though the actual level of 

testing did not decrease.
19

 Without a control or comparison group, Sistrom’s time series 

method does not demonstrate that CPOE adoption slowed the rate of growth, only that 

growth slowed in the time period after adoption: this may be true for all providers and 

does not provide evidence for a causal effect.  

 Collin et al expand the focus of HIT adoption from looking solely at CPOE 

systems to include Picture Archival and Communication Systems (PACS) and the related 

change in imaging tests at four Trusts in Britain’s National Health Services.
20

 Collin 
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observed a related decrease in some pathology orders during outpatient appointments and 

a relative increase in inpatient pathology orders at the trust that adopted CPOE relative to 

the two trusts that did not. The implementation of PACS in one trust resulted in decreased 

repeat plain film x-rays in outpatient appointments and inpatient CT tests, but increases in 

CT tests performed in outpatient settings and repeat CT tests performed in inpatient 

settings. These countervailing results are difficult to generalize to medical practice in the 

US, which is subject to different financial incentives and practice patterns. 

 The existing literature focuses on specific areas with specific techniques. Most 

existing studies look at inpatient costs and outcomes, usually for only one organization. 

While this approach has the methodological benefit of eliminating many potential sources 

of bias, it greatly hinders the ability to generalize findings. Given the heterogeneous and, 

prior to the HITECH Act, largely undefined nature of Electronic Medical Records, the 

effect of one vendor’s product on performance is unlikely to reflect the effect of another 

vendor’s product. And by focusing primarily on the effects of CPOE and decision support 

systems, the many other workflow changes produced by the introduction of EMRs are not 

assessed, or at least not accounted for in explanations of the mechanics of change. In the 

specific case of redundant tests, the quality and ease with which an EMR provides 

clinical providers with information will determine whether another test is ordered or a 

past test is seen, understood and used in place of a new test. The only work done in this 

area has focused on the effects of PACS, and those findings are outside of the U.S. 

context. While the ordering mechanism plays a part in the total procedural workflow, it is 

not the whole story. By looking across provider groups and at several different 
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components of EMR adoption in the outpatient setting, this study aims to find results that 

can be generalized to a population and account for multiple facets of EMR adoption. 

Some more generalizable work has been done on efficiency, but often not in the specific 

outpatient context analyzed here and not on redundant tests. For instance, Furukawa 

analyzed ED efficiency using the sister-data set to the data used in this study.
21

 

 One very recent study focuses on the outpatient setting with similar 

methodological approaches to this study. McCormick et al examine the trends in the 

ordering of imaging tests in the outpatient setting when an EMR is or is not used.
22

 That 

study looked at a cross section of providers and compared rates of ordering of imaging 

tests when physicians had access to a computerized system for viewing imaging results 

and when electronic images were returned to them. Using logistic regression that study 

found that the probability of a physician ordering an imaging test was significantly higher 

when they had access to an EMR than when they did not (odds ratio around 1.40).  

While that study takes a similar approach to this one, it has several limitations. 

First, despite the article’s title, it reports only results for imaging studies, not lab tests. 

Second, the study focuses only on one EMR function at a time, rather than the adoption 

of many factors that may change the likelihood of ordering. For instance, as shown 

extensively above, whether or not a provider uses CPOE can have a large impact on the 

likelihood that they will place an order. Ignoring these effects might mischaracterize the 

effects of adopting a full, modern EMR including other factors that change workflow and 

practice patterns. Third, despite motivating their study by questioning the validity of 

studies that focus only on single large academic medical centers, which the authors argue 
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are not representative of providers in general, the authors do not fully control for sources 

of bias in their own work. Providers who adopt EMRs are likely to be different from 

other providers in unobserved ways. They are likely to be younger, perhaps more 

interested in technology in general, including test results, serve higher income or more 

severe patients, or differ in many other ways. Simply, their study may pick up the very 

fact they lament—the focus on academic medical centers in other studies—in their own 

results in a way that creates bias. By not attempting to control for those differences 

through some quasi-experimental tool, the results may not be trust worthy.    

 While my study addresses some of the limitations in McCormick et al, it 

nonetheless faces its own set of boundaries. One fundamental limitation of my 

methodological approach is that it does not differentiate between necessary and 

unnecessary tests. It could be argued that the use of EMRs increases tests by pushing 

physicians to follow best practices and order more, necessary tests. Certainly, past 

findings focused on the use of specific clinical decision support protocols in single 

settings found that EMRs have the ability to improve adherence to guidelines, though that 

often involves ordering less tests, not more.
23

 The only thing that can be tested here is 

whether the EMR’s ability to provide clinical decision support increases or decreases 

tests, not whether those changes improve care or patient outcomes. But that presence of 

decision support is also all that is required for Meaningful Use, so that this study 

measures the same factor that the HITECH subsidies require.  

 A second limitation is that this methodology looks at one setting of care. Given 

the structure of the data used here, patient experience—the full cost of an episode—
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cannot be measured. It is possible that increased tests in the physicians’ office result in 

earlier detection of disease and less expensive and severe interventions. This type of 

vertical analysis of patient experience in systems with EMRs would better measure the 

full costs and benefits of EMRs, but would require a level of data that is generally not 

available. 

 Despite heightened rhetoric, EMRs have not been adopted solely to improve 

quality and efficiency. As far as the existing literature can demonstrate, EMR adoption 

has not clearly led to the kinds of reductions in costs and redundant tests imagined by 

policy makers. However, that may be due as much to the way in which adoption has 

occurred so far as to the potential of EMRs. Kahan et al demonstrated an organization 

with the goal of reducing costs can cause very large, statistically significant changes in 

the ordering of certain tests by rearranging the format of a computerized order form.
24

 

Indeed, the literature points much more clearly to the ability of healthcare providers to 

create profit for themselves through the adoption of EMRs than it points towards the 

reduction of costs to patients or the government, reflecting these organizations inherent 

goals.
25

 
26

 
27

 Within this context, it is imperative to look at the changes in behavior 

created by EMR adoption through the lens of healthcare providers as economic actors 

with differing levels of interest in the way patients are taken care of, determined in part 

by providers’ financial stake in patient care.  
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CONCEPTUAL MODEL 

 

The adoption of EMR technology alters the incentives physicians face when ordering 

diagnostic tests. The ability to document and communicate findings and results 

electronically rather than on paper makes many tasks easier than they once were and 

some tasks more laborious. While the effort involved in performing some work 

decreases, the price physicians face from payers—especially government payers like 

Medicare and Medicaid—stays essentially fixed, usually rising gradually and 

proportionally to other services, and changing only once a year. The basic economic 

model, then, is that providers who have adopted EMRs have a more efficient supply 

curve for some procedures than providers who have not adopted EMRs, and as profit 

maximizing price takers, will provide higher intensity of services at the fixed price 

offered by payers, as discussed in Pauley and McGuire
28

. The degree to which providers 

reap financial rewards from service utilization—whether they own the practice and the 

ancillary services that they refer to—should contribute to the strength of this effect 

similar to effects presented in Hadley et al.
29

 Figure 1 shows the basic shift in the supply 

curve and associated increase in quantity offered at a fixed price, such as that offered by 

Medicare. 
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FIGURE 1. SUPPLY SHOCK ASSOCIATED WITH EMR ADOPTION. 

 

A slightly more nuanced representation of the change in supply functions is provided in 

Figure 2, which accounts for the increased marginal efficiency and the large fixed cost 

investment associated with adoption of EMRs. This model predicts a similar increase in 

quantity. 

Figure 2. Increased Fixed Costs and Decreased Marginal Costs Due to Adoption of 

Electronic Medical Records 
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While EMR systems have the potential to increase efficiency and thus increase utilization 

of services, the systems can also create countervailing incentives. EMR systems promise 

to give providers access to far more information than they have using paper systems. 

Detailed and legible clinical notes and histories, high resolution radiological images and 

years of lab results could all be available and more easily accessed with an EMR than a 

paper based system. The availability of this information should reduce the benefit of 

reproducing tests or reviewing an established patient’s family history yet again. Given 

this reduced medical benefit from repetition, the intensity of services provided to each 

patient—especially established patients—might be reduced.  

A perfectly competitive market would reward the increased efficiency provided 

by EMRs, essentially pricing out those who do not adopt efficient care. However, the Fee 

for Service payment structure ubiquitous in the healthcare market creates a disincentive 

to utilizing that efficiency by decreasing services—revenue and profit will be lost due to 

fewer procedures performed per patient. Providers might then increase the intensity of 

services offered, keep pre-EMR practices and reap higher profits, improve efficiency by 

seeing more patients and offering less intense care to each patient, or choose to maintain 

their current workload and seek more leisure (due to an income effect).   

Providers’ reactions to the medical benefit of a given procedure must be 

accounted for in a prediction of utilization effects of EMR adoption. Because physicians 

play a large part in dictating the use of services, that is, induce demand from their 

patients, their decision to order a procedure for their patient can be modeled as demand 

for a procedure. Mcguire and Pauly modeled physician utility as a function of profit from 
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performing or ordering a procedure, leisure, and the inducement of services. In their 

model, profit and leisure provide positive utility while inducement results in negative 

utility. The choice between inducing services and leisure form a tradeoff: physicians who 

choose more services will have more profit, less time for leisure, and some loss of utility 

from choosing to perform unnecessary procedures on their patients. EMRs promise to 

change demand in two countervailing ways. As shown above, improved efficiency should 

increase profits and expand induced demand for services. But the availability of 

information on past tests in the EMR should increase the disutility generated by 

inducement: more procedures will be redundant, and providers will perceive less medical 

benefit in ordering or performing them. The reduced medical benefit of repeated 

procedures should decrease the number of procedures performed, especially for 

established patients, consistent with findings in Daurio et al 2009, who observed a 

significant reduction in tests following the implementation of an EMR system in a non-

profit, hospital inpatient setting
30

. This effect should produce a demand curve that looks 

something like the outcome modeled in Figure 3. 
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Figure 3. Induced Demand for Medical Procedures Based on Provider’s Perceived 

Medical Benefits of Procedures 

 

Figure 4 represents the changed equilibrium created by introduction of an EMR 

accounting for both the supply and demand shifts. While the figure is drawn so that the 

demand shift dominates the supply shift, that is not necessarily the case. And, of course, 

while the demand changes due to changing medical benefit, the price itself often stays 

fixed due to the administered pricing system in the health care system. Given the 

countervailing predictions of intensity of care provided by this brief theoretical model, an 

empirical investigation of the provision of specific procedures is necessary to show the 

dominant direction of change. Behavior that constitutes rational profit maximizing or 

efficiency maximizing EMR use will vary across type of service and specialty. 
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Figure 4. Effect of Introduction of EMR on Supply and Demand of Diagnostic Tests 

 

TOTAL DIAGNOSTIC SERVICES 

 

The hypothesis imbedded in the HITECH subsidies, which are based in part on the idea 

that EMR adoption will reduce redundant tests, is that the change in demand for tests will 

dominate any increased supply from efficiency gains. Unless the number of non-

redundant tests increases, this reduced redundancy should decrease the total number of 

diagnostic services offered to patients who visit providers with EMRs. A Poisson model 

regressing the count of diagnostic services on the use of EMR tools related to diagnostic 

test ordering, processing and resulting, financial incentives, provider characteristics and 

patient characteristics will demonstrate the effect of EMR use on the utilization of 

diagnostic tests: the number decreasing will provide evidence to support the HITECH 

subsidies. The basic model is: 
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IMAGING EXAMS 

 

Use of EMRs and PACS allow for increased efficiency in ordering tests, having those 

tests transmitted to the radiology department, documenting findings of radiological 

exams, communicating those findings to other providers and reviewing those findings. 

Every step in the workflow to generate an imaging result can be made more efficient 

using an EMR. These systems also allow for images to be viewed without direct access to 

a film so that providers can consult the images directly. Thus EMR adoption could either 

increase or decrease the intensity of radiological exams. 

 The basic model that will be used to test the effect of EMR adoption on the use of 

imaging exams is a probit regression testing the probability of having any imaging 

procedures ordered during a given visit given that the provider uses the specific EMR 

tools that would increase efficiency in imaging processing. 

  

                                                         

                                                  

                                                                      

 

As in the Poisson model, this probit regression will include patient and provider 

characteristics as controls, as well as the effect of observed financial incentives. 
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LAB TESTING 

 

EMR systems make communication of lab orders, progress, results and interpretation 

between the lab, provider, patient and other providers easier. They also provide organized 

lab results from past visits, and could present information from outside providers and 

other labs alongside new results. As with imaging exams, the ease of communication 

might increase use of tests, but the ease of access to past results might provide a better 

guide to the need for future results.
31

 

 The basic model for lab tests holds very closely to the model developed for 

imaging procedures. The major difference is in the selection of variables used to evaluate 

the effect of EMR adoption, which must of course reflect the tools that would increase 

efficiency related to lab tests. 

 

                                                                 

                                                        

                                   + u)  

 

This models closely follow the logic of the imaging models, only shifting the outcome 

variable of interest and the composition of the EMR tools variable to reflect the 

processing of tests in the lab, rather than the use and display of images. Because of 

concerns that both the patient population of providers who adopt EMRs, as well as the 

providers themselves, are systematically different from providers who do not adopt 

EMRs and their patients, instrumental variables will be used to eliminate as many 

potential sources of bias as possible.  
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DATA 

 

This study uses the 2006-2009 National Ambulatory Medical Care Survey prepared by 

the National Center for Health Statistics, Centers for Disease Control and Prevention.  

The data set is comprised of visit level cross-sectional data containing information on the 

patient, visit, and provider, including several variables dealing with EMR use, and 

contains data on 119,647 patient visits. The sample is comprised of randomized samples 

of geographic areas, providers within geographic areas and patient visits at specific 

providers. Dual sampling was performed to measure some small groups of physicians, 

such as physicians practicing in community health center. Where possible, probability 

weights are included in statistics provided below. 

 

DIAGNOSTIC TESTING UTILIZATION 

 

The primary dependent variable of interest is the use of diagnostic tests during any visit. 

The data set contained variables describing which tests were performed, and some 

aggregate variables were constructed from that data. One variable aggregates whether or 

not an imaging test was ordered during a visit while another variable measures whether or 

not a lab test was ordered. A third aggregate variable counts the total number of these lab 

tests and imaging procedures ordered during a visit.  
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TABLE 1. DESCRIPTIVE STATISTICS FOR DIAGNOSTIC TESTING DEPENDENT VARIABLES 

 N Mean SD Min Max 

Any Imaging Procedure During Visit 119647 .144 .352 0 1 

Any Lab Test During Visit 119647 .281 .449 0 1 

Total Diagnostic Services Offered 91092┼ .789 1.33 0 11 

┼Some services, including Echocardiogram and Cat Scans were not documented in the 2006 version of the survey. Data from 2007-

2009 is used for statistical tests related to total diagnostic services and those tests lacking data in the 2006 survey. 

 

EMR USE 

 

The primary independent variables of interest concern use of EMR tools related to 

imaging and laboratory test workflows. NAMCS contains eighteen variables related to 

EMR use. Of these, five are directly related to the imaging workflow and five are directly 

related to the laboratory test workflow. Three dummy variables were constructed from 

the relevant workflow variables. This variable compares users who have all five system 

characteristics who those who do not have all five. Survey responses such as “unknown,” 

“Not Applicable,” and “turned off” were counted as not having the relative EMR 

function. This measure of EMR use compares providers who use EMR functions related 

to testing workflows comprehensively with providers who do not, rather than isolating 

specific EMR functionality. Table 2 displays descriptive statistics for all EMR variables. 
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TABLE 2. DESCRIPTIVE STATISTICS FOR EMR INDEPENDENT VARIABLES 

 Mean SD 

Aggregate Variables   

     Imaging Workflow Variable .097 .295 

     Laboratory Workflow Variable .110 .313 

     Combined Workflow Variable .068 .253 

Imaging Variables   

     Computerized Imaging Results .371 .483 

     Electronic Images Returned .183 .387 

Lab Variables   

     Computerized Lab Viewing  .439 .496 

     Lab Result Normal Range .324 .468 

Imaging and Lab Variables   

     Computerized Test Ordering .299 .458 

     Test Orders Sent Electronically .185 .388 

     Reminder for Guideline Based Tests .282 .450 

Instrumental Variables   

     Public Health Reporting .136 .342 

     Notifiable Diseases .057 .231 

     Plans to Install New EMR .287 .453 

Other   

     Electronic Medical Record .246 .431 

     Electronic Demographics .686 .464 

     Electronic Problem List .268 .443 

     Electronic Progress Notes .379 .486 

     Computerized Prescription Ordering .345 .476 

     Computerized History, Follow Up .327 .469 

     Prescriptions Sent Electronically .227 .419 

     Drug Interaction Warnings .264 .441 

     Claims Submitted Electronically .662 .473 

N 119647  



 

 

22 

 

 

 Table 3 uses basic t-tests and tests of proportions to indicate a relationship 

between the use of all EMR tools and the ordering of diagnostic services. In all cases, use 

of EMR functions is associated with an increased probability or ordering diagnostic tests 

and an increased overall utilization of tests. Providers who use all of the EMR functions 

associated with test ordering and resulting order 16% more tests than providers who do 

not use all seven EMR functions identified. Further statistical testing follows in an 

attempt to isolate the effect of EMR use on the intensity and probability of testing. 

 

TABLE 3. RELATIONSHIP BETWEEN EMR USE AND USE OF ASSOCIATED TESTS 

  No EMR Uses All 

Workflow EMR 

Functions 

Probability of Imaging Exam 119647 .144 .160*** 

Probability of Lab Test 119647 .264 .326*** 

Number of Total Services 91092 .711 .828*** 

***Statistically different from no EMR case at the 99% level.  

 

PATIENT CHARACTERISTICS 

 

The NAMCS data set contains information on patient characteristics that would affect the 

likelihood of ordering diagnostic tests such as age, race, gender, number of 

complications, and severity of diagnosis. Where possible, these observed patient 

characteristics are included in the regression models in order to limit the effects of 

omitted variable bias. Table 4 provides basic descriptive statistics on the patient 

characteristics that will be included in the regression models. 
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TABLE 4. DESCRIPTIVE STATISTICS FOR PATIENT CHARACTERISTICS 

 N Percent of 

Total 

Gender   

     Male 49,090 41.0% 

     Female 70,556 59.0% 

Age   

     <18 22,367 18.7% 

     18-34 17,063 14.3% 

     35-49 21,772 18.2% 

     50-64 26,805 22.4% 

     >64 31,639 26.4% 

Race/Ethnicity   

     White (Non-Hispanic) 87,017 72.7% 

     Black (Non-Hispanic) 12,025 10.1% 

     Hispanic 8,461 7.1% 

     Other 12,142 10.2% 

Patient’s Zip Code’s Median 

Household Income 

  

     <$32,794 31,104 26.0% 

     $32,794-$40,626 26,409 22.1% 

     $40,627-$52,387 28,687 24.0% 

     >$52,388 33,447 28.0% 

Patient’s Zip Code In Highest 

Quartile Education 

31,553 26.4% 

New Patient 15,726 13.4% 

Routine Visit 78,439 65.6% 

Visit for Wound Care 5,496 3.8% 

Reason for Visit   

     New Problem 41,208 34.4% 

    Chronic Problem 47,114 39.4% 

     Pre/Post Surgery 31,328 26.2% 

Number of Chronic Conditions   

     Zero 55,623 46.5% 

     One 29,229 24.5% 

     Two 16,717 14.0% 

     Three or More 18,018 15.1% 

 

FINANCIAL INCENTIVES 

 

If providers react to increased efficiency provided by EMRs by increasing the quantity of 

services they provide, they may do so in an attempt to maximize their profits or because 
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they are now able to perform tests that they would have liked to perform previously, but 

did not have the capacity. If providers are ordering tests to maximize profits, the degree 

to which they order tests should depend on the financial reward they receive for doing so. 

Only two years of the test contain information on whether or not laboratory tests are 

performed at the office (which should coincide with clinic-ownership of the testing 

modality) so that variable is excluded from the model except for later tests. In addition, 

the data set contains information on the patient’s payment type. Assuming that private 

insurers pay better than Medicare, which in turn pays better than Medicaid, these 

financial incentives allow us to investigate the degree to which providers are maximizing 

their profits by ordering more tests for the most profitable patients. 

 

PROVIDER CHARACTERISTICS 

 

Similarly, observable provider characteristics are included in the model. These include 

whether or not the provider works in a solo practice, if the provider is employed, 

independent, or the owner of the practice and the percentage of payment the provider 

receives from specific payment sources, such as Medicaid. Many of these provider 

characteristics can be assumed to alter the financial incentives of the provider. Table 5 

presents basic descriptive statistics of the provider characteristics and financial incentive 

variables that are included in this analysis.  
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TABLE 5. DESCRIPTIVE STATISTICS FOR FINANCIAL INCENTIVES AND PROVIDER 

CHARACTERISTICS 

 N Percent of Total 

Employment Status of Physician   

     Employed 83,454 69.8% 

     Owner 32,590 27.2% 

     Contractor 3,264 2.7% 

Compensation Based on Productivity   

     Yes 33,390 27.9% 

     No 86,257 72.1% 

Office Setting   

     Private Practice 106,740 89.2% 

     Free Standing Clinic 6,197 5.2% 

     Community Health Center 2,956 2.5% 

     HMO 2,560 2.1% 

     Other 1,193 1.0% 

Type of Payment   

     Private 63,815 53.3% 

     Medicare 29,266 24.5% 

     Medicaid/SCHIP 13,080 10.9% 

     Worker’s Comp 1,553 1.3% 

     Self-pay 4,818 4.0% 

     No Charge 426 0.4% 

     Other 6,688 5.6% 

Provider’s Major Revenue Source   

     >50% Private Insurance 77,247 64.6% 

     >50% from Medicaid 6,331 5.3% 

     >50% from Medicare 17,759 14.8% 

     >50% Managed Care 42,779 35.8% 

     >50% Capitation 4,084 3.4% 

     >50% Bonus 1,670 1.4% 

Lab Testing Performed at Office 44,030 50% 

 

METHODS 

 

As outlined above, three models of the effect of Electronic Medical Records are tested. 

The three outcomes of interest are the probability of an imaging procedure being ordered 

during a physician visit, the probability of a laboratory test being ordered, and the number 
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of imaging procedures and lab tests ordered during a visit. Each outcome is paired with 

an independent dummy variable indicating whether or not the physician uses all 

workflow variables related to the ordering, performing and resulting of these tests. Thus 

each model uses a different version of the EMR variable, described as the “EMR 

workflow” in table 6 below.  

In addition, instrumental variables are used in each model to attempt to limit the 

effects of endogeneous differences that might be associated with use of an EMR. The 

first two models utilize probit regressions, and those coefficients are compared to the 

results of bivariate probit models. In the bivariate probit models, one of the equations 

represents the likelihood of adopting an EMR and includes two instrumental variables, 

which rely on state-level differences in the capacity to receive electronic health data to 

derive endogeneity, while the second, correlated equation represents the binary outcome 

of whether or not a lab or imaging procedure is performed. Following the methodology 

used by Furukawa et al., I use EMR functions for reporting public health and electronic 

disease surveillance systems as instrumental variables in order to address concerns of 

reverse causality and endogenity.
32

 In addition, these variables are interacted with a 

question regarding whether or not the provider is planning on implementing a new EMR 

system, which is likely to vary independently of physician characteristics. Reverse 

causality might arise if providers who already use sophisticated imaging adopt EMRs in 

order to better manage their imaging. Endogeneity might arise if providers who have 

EMRs have different physician characteristics and/or serve fundamentally different 

patients, such as wealthier patients, than providers who do not use EMRs. While some of 
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these differences are controlled for using observed patient and physician characteristics, 

others are unobserved, and probably unobservable. As Furukawa points out, large 

variation in state’s electronic surveillance systems and the IT capabilities of public health 

agencies creates exogenous variation in these public health related EMR tools. In 

addition, practices that are planning new systems and have public health EMR tools 

should vary independent from the use of diagnostic services. Standard over-identification 

tests, consistent with Encinosa and Bae were run on all instrumental variables to confirm 

exogeneity and all instruments were found to not be statistically significant in the 

outcomes equation.
33

 All instrumental variables strongly predict the relevant EMR 

variables (F-statistic far exceeds 10 in all models). 

The third model estimates the number of services offered, and the outcome 

variable takes the form of count data. As such, a Poisson regression is used to estimate 

the effect of EMR use on the total number of services ordered. The instrumental variable 

form of this model is estimated using an IV Poisson regression developed by Joshua 

Angrist and others.
34

 The code for this regression method in Stata 12 was developed by 

Austin Nichols.
35

 

Over-identification tests were completed for all regression models, and all IVs 

used passed the tests. In addition, all instruments were extremely significant predictors of 

EMR workflows. 
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RESULTS 

 

TABLE 6. ESTIMATED EFFECTS OF EMR ADOPTION ON USE OF DIAGNOSTIC TESTS 

Variable Any Lab 

Probit 

Any Lab 

Biprobit 

Any 

Image 

Probit 

Any 

Image 

Biprobit 

Total 

Services 

Poisson 

Total 

Services IV 

Poisson 

Workflow EMR .122*** 

(.013) 

.098*** 

(.038) 

.037** 

(.016) 

.0123 

(.052) 

.096*** 

(.0146) 

.999*** 

(.181) 

Dummy Variables:       

High Education Area .002 

(.011) 

.002 (.011) -.032*** 

(.013) 

-.033*** 

(.013) 

.009 (.011) -.004 (.018) 

Wound visit -.195*** 

(.021) 

-.195*** 

(.021) 

-.569*** 

(.028) 

-.569*** 

(.028) 

-.71*** 

(.028) 

-.676*** 

(.037) 

New Patient  .104*** 

(.017) 

.104*** 

(.017) 

.161*** 

(.019) 

.161*** 

(.019) 

.134*** 

(.017) 

.139*** 

(.027) 

Chronic problem  .129*** 

(.010) 

.129*** 

(.010) 

-.234*** 

(.011) 

-.234*** 

(.011) 

.111*** 

(.010) 

.060*** 

(.017) 

Preventive care .388*** 

(.011) 

.388*** 

(.011) 

-.088*** 

(.013) 

-.088*** 

(.013) 

.418*** 

(.011) 

.361*** 

(.017) 

>3 Chronic Conditions .212*** 

(.012) 

.213*** 

(.012) 

.130*** 

(.013) 

.130*** 

(.013) 

.407*** 

(.010) 

.435*** 

(.015) 

Primary care visit .359*** 

(.010) 

.359*** 

(.010) 

-.117*** 

(.012) 

-.116*** 

(.012) 

.555*** 

(.010) 

.457*** 

(.016) 

Referred by another 

physician 

-.048*** 

(.012) 

-.048*** 

(.012) 

.188*** 

(.013) 

.188*** 

(.013) 

-.021*** 

(.012) 

.032* (.019) 

Solo Physician -.128*** 

(.010) 

-.129*** 

(.010) 

-.213*** 

(.011) 

-.214*** 

(.011) 

-.172*** 

(.010) 

-.181*** 

(.016) 

2
nd

 Quartile Income 

(Reference: 1
st
 Quartile 

Income) 

.045*** 

(.012) 

.045*** 

(.012) 

-.003 

(.013) 

-.002 

(.013) 

.048*** 

(.011) 

.035* 

(.0183) 

3
rd

 Quartile Income .039*** 

(.012) 

.039*** 

(.012) 

.001 

(.013) 

.001 

(.013) 

.049*** 

(.012) 

.045*** 

(.018) 

4
th

 Quartile Income .069*** 

(.014) 

.069*** 

(.014) 

.008 

(.016) 

.008 

(.016) 

.098*** 

(.013) 

.074 (.0216) 

Age 18-34 (Reference: 

Under 18) 

.748*** 

(.016) 

.749*** 

(.016) 

.451*** 

(.020) 

.451*** 

(.020) 

1.114*** 

(.019) 

1.008*** 

(.029) 

Age 35-49 .715*** 

(.016) 

.715*** 

(.016) 

.587*** 

(.019) 

.587*** 

(.019) 

1.220*** 

(.019) 

1.083*** 

(.028) 

Age 50-64 .750*** 

(.016) 

.750*** 

(.016) 

.629*** 

(.019) 

.630*** 

(.019) 

1.288*** 

(.018) 

1.149*** 

(.028) 

Age >65 .829*** 

(.019) 

.829*** 

(.019) 

.622*** 

(.022) 

.623*** 

(.022) 

1.33*** 

(.021) 

1.212*** 

(.032) 

Black Non-Hispanic 

(Reference: Caucasian) 

.132*** 

(.013) 

.131*** 

(.013) 

.028 

(.016) 

.027 

(.016) 

.206*** 

(.012) 

.233*** 

(.020) 

Hispanic .024 

(.016) 

.024 (.016) -.012 

(.019) 

-.013 

(.019) 

.062*** 

(.015) 

.062*** 

(.026) 

Other .111*** 

(.014) 

.111*** 

(.014) 

.014 

(.016) 

.014 

(.016) 

.152*** 

(.013) 

.153*** 

(.023) 

Female .018** 

(.008) 

.017** 

(.008) 

.132*** 

(.010) 

.133*** 

(.010) 

.005 (.008) .030** 

(.013) 

Medicare (Reference: 

Private Insurance) 

-.082*** 

(.014) 

-.082*** 

(.014) 

-.010 

(.016) 

-.009 

(.016) 

-.086*** 

(.013) 

-.074*** 

(.021) 
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* p<.10; **p<.05 ***p<.01 

Medicaid -.049*** 

(.015) 

-.049*** 

(.015) 

-.036** 

(.018) 

-.036** 

(.018) 

-.073*** 

(.015) 

-.089*** 

(.026) 

Worker’s Comp -.950*** 

(.059) 

-.952*** 

(.059) 

.103** 

(.042) 

.101** 

(.042) 

-.593*** 

(.055) 

-.557*** 

(.069) 

Self-pay -.193*** 

(.020) 

-.193*** 

(.020) 

-.315*** 

(.026) 

-.315*** 

(.025) 

-.245*** 

(.020) 

-.338*** 

(.038) 

No charge -.099** 

(.047) 

-.099** 

(.047) 

-.133** 

(.059) 

-.132** 

(.059) 

-.024 

(.045) 

-.092 (.078) 

Other -.041** 

(.017) 

-.041** 

(.017) 

.006 

(.020) 

-.006 

(.020) 

-.026 

(.017) 

-.011 (.027) 

More than 1 past visit 

(Reference: all other 

patients) 

-.160*** 

(.017) 

-.160*** 

(.017) 

-.083*** 

(.019) 

-.083*** 

(.019) 

-.259*** 

(.015) 

-.260*** 

(.024) 

More than 3 Past visits -.198*** 

(.016) 

-.198*** 

(.016) 

-.188*** 

(.018) 

-.188*** 

(.018) 

-.423*** 

(.016) 

-.424*** 

(.025) 

HMO (Reference: 

Physician or Physician 

Group) 

.254*** 

(.041) 

.257*** 

(.042) 

-.139** 

(.049) 

-.137** 

(.049) 

-.164*** 

(.023) 

.145** 

(.073) 

Community Health 

Center 

.362*** 

(.060) 

.362*** 

(.060) 

-.014 

(.077) 

.017 

(.078) 

-.453*** 

(.061) 

.524*** 

(.103) 

Medical/Academic 

Center 

.146*** 

(.017) 

.146*** 

(.017) 

-.026 

(.020) 

-.026 

(.020) 

.099*** 

(.016) 

.109*** 

(.026) 

Free standing clinic 

(Reference: Private 

Practice) 

-.085*** 

(.021) 

-.085*** 

(.021) 

-.064** 

(.024) 

-.063** 

(.024) 

-.164*** 

(.023) 

-.233*** 

(.037) 

Community health 

center 

-.204*** 

(.059) 

-.204*** 

(.059) 

-.083 

(.076) 

-.081 

(.076) 

-.453*** 

(.061) 

-.417*** 

(.102) 

HMO -.178*** 

(.041) 

-.170*** 

(.042) 

-.086* 

(.047) 

-.083* 

(.049) 

-.230*** 

(.039) 

-.387*** 

(.073) 

Other -.235*** 

(.041) 

-.238*** 

(.041) 

-.264*** 

(.051) 

-.263*** 

(.050) 

-.231*** 

(.043) 

-.274*** 

(.085) 

Employee (Reference 

group: Owner) 

-.036*** 

(.013) 

-.034*** 

(.014) 

-.032** 

(.015) 

-.030* 

(.016) 

-.004 

(.013) 

-.027 (.207) 

Contractor 0 (.024) .001 (.024) -.074** 

(.029) 

-.072** 

(.029) 

-.162*** 

(.025) 

-.140*** 

(.044) 

Other -.244*** 

(.082) 

-.244*** 

(.082) 

-.041 

(.095) 

-.041 

(.095) 

-.063 

(.069) 

-.102 (.121) 

>50% revenue managed 

care 

.078*** 

(.010) 

.079*** 

(.010) 

.006 

(.011) 

.007 

(.011) 

.071*** 

(.009) 

.084*** 

(.015) 

>50% revenue capitated -.056** 

(.024) 

-.055** 

(.024) 

-.012 

(.029) 

-.009 

(.029) 

.047** 

(.023) 

.045 (.040) 

>50% revenue 

Medicaid 

.060*** 

(.018) 

.060*** 

(.018) 

-.022 

(.024) 

-.023 

(.024) 

.076*** 

(.018) 

.126*** 

(.032) 

>50% revenue 

Medicare 

.171*** 

(.012) 

.171*** 

(.012) 

.037*** 

(.014) 

.037*** 

(.014) 

.172*** 

(.011) 

.188*** 

(.017) 

>50% revenue private 

insurance 

-.088*** 

(.011) 

-.088*** 

(.011) 

.026** 

(.012) 

.027** 

(.012) 

-.065*** 

(.010) 

-.128*** 

(.017) 

N 119647 119647 119647 119647 91092 91092 

Pseudo R2 .0636  .0622  .081  

Rho  .014 (.021)  .014 

(.028) 
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OUTCOMES OF REGRESSIONS WITH ENDOGENOUS VARIABLES 

 

Table 6 presents the results of the six regressions run to determine the effect that 

use of an EMR has on the likelihood of performing tests and the total number of tests 

performed. Each regression is first run without controlling for the possible endogeneity of 

EMR use, and then again controlling for endogeneity using the instrumental variables 

previously described. In all three initial regressions, use of EMRs has a statistically 

significant positive effect on the use of tests and imaging in the initial model, though the 

size of that effect is relatively modest. The effect is notably larger for laboratory testing 

than imaging. EMR users are more likely to order laboratory tests, imaging exams and all 

services than those who do not use EMRs (p<.05 in all cases). This seems to contradict 

the promise of EMRs to increase the information available to clinicians and thus reduce 

the need for additional tests, and confirm the hypothesis that EMRs improve the 

efficiency of ordering tests. 

While adoption of an EMR system is likely to be endogenous, and thus result in 

biased estimates of the effects of adoption, these initial results are valuable, in part 

because they capture adoption patterns that are not necessarily observed. Physicians who 

use EMRs are unlikely to be similar to physicians who do not use EMRs, and those 

differences may account for the differing use of diagnostic services. Many of the likely 

differences between providers are controlled for here: their employment status, major 

sources of revenue, the income and education of the population they serve, whether they 
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practice independently or as part of a group, and the type of practice organization they 

belong to, if they are not independent. 

 Despite these controls, there are many possibly unobserved variables that 

influence physician adoption of EMRs and use of tests, most notably preference for 

technology and the degree to which physicians are profit motivated. Any disruptive 

technology will meet with some reluctance among the adopting group, especially among 

those who are least comfortable with the technology and most committed to old practices. 

Older physicians, or those who are simply less familiar with computing, may be the most 

reluctant to use EMRs. They may also be more accustomed to older practice patterns that 

relied less on use of tests and more on physician judgment. These physicians may be less 

likely to use EMRs and less likely to order tests. In addition, if the hypothesis that EMRs 

represent efficiency improving technology is true, then adoption of EMRs with the goal 

of maximizing profits will depend on the extent to which physicians care about profits. 

The immense heterogeneity in physician practice patterns throughout the country 

indicates that the motivating effect of profit on physician practices varies by individual, 

provider arrangements and physicians’ societal expectations. This heterogeneous interest 

in profit maximization is a second reason to expect bias in the coefficient without 

controlling for endogeneity. 

 These two provider effects—familiarity with technology and degree of profit 

motivation—are very difficult to disentangle with the methods used here. In both cases 

they would point towards an increase in the ordering of tests with EMRs. Clinicians who 
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find EMRs useful and are comfortable with ordering tests and finding and viewing results 

with an EMR would find their efficiency greatly increased by this technological change, 

while those physicians who find the efficiency increases smaller might nevertheless see 

their ordering trends changed due to financial considerations. This model shows that use 

of EMRs is associated, but not necessarily a causal factor in use of more tests. While this 

may have limited use for analyzing the appropriateness of a subsidy program, it does 

describe the current patterns of adoption and should not be discounted. The results here 

indicate, as currently adopted and controlling for many obvious variables, providers who 

use EMRs order more tests in the current system.   

 In addition, it is not clear from the information provided here that providers who 

use EMRs are taking care of the same patients as providers who are not. While the model 

includes controls for type of practice and patient, including academic medical centers, 

which often see the most severe patients, as well as the number of chronic illnesses, type 

of visit, age and some other patient characteristics, the available data on patient severity 

is limited. What is present is highly statistically significant and of large magnitude. For 

instance, patients with three or more chronic conditions are very significantly more likely 

to have more tests, and the size of that coefficient is large. If there are omitted patient 

characteristics associated with EMR use, the bias would be positive and important. It may 

be that larger, more sophisticated physician groups are more likely to adopt EMRs and 

perform tests. If that is the case, these estimates would be upwardly biased. A logical 

avenue for future work would be to focus on more specific diseases and patient types to 
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attempt to control for patient severity; however, that work would require more 

observations of specific specialties than available here, as the number of tests performed 

by specialists for a given set of patients is limited.  

While the main effects identified here indicate that more positive tests are being 

performed, further nuance is needed to discriminate between redundant and medically 

necessary tests. It may well be that EMR systems are reducing the number of redundant 

tests performed but increasing the number of medically beneficial tests done through 

decision support or the presence of additional information.  

 

OUTCOMES OF REGRESSIONS USING INSTRUMENTAL VARIABLES 

 

Instrumental Variables related to the electronic reporting of public health information to 

the state were selected. These instruments are hypothesized to perform well because 

some states have the ability to accept this data electronically while others do not. 

Therefore these variables should vary at the state level and not the provider level, while 

remaining strong predictors of EMR use. As reported above, the instruments are strong 

predictors of EMR use and pass over-identification tests (Lab F-test(2df)=6798.63 Over-

id(1)=.556 Over-id(2)=.282; Imaging F-test(2df)=5850.55, Over-id(1)=.524 Over-

id(2)=.298; Total Service F-test(2 df)= 5084.43 Over-id: p=.6232). Arguments for their 

exogeneity rely on state level differences driving compliance, and the lack of other 

reasonable pathways that would lead the electronic reporting of public health issues to 

affect the likelihood and number of tests being performed, besides through the 

instrumented variable, EMR use. There seems to be little reason to suppose that 
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physicians who do report electronic health reports electronically rather than on paper are 

more likely to order tests, other than that they use electronic systems.  

The goal of using these instruments is to eliminate the sources of bias described 

above as well as other unexpected biases and to move towards a causal argument that use 

of EMRs causes or facilitates the ordering of more tests. The three sources of bias listed 

above, technological comfort, level of profit motivation, and type of patient seen, would 

all be expected to positively bias the results. The two biprobit regressions measuring the 

likelihood of tests being performed follow that prediction. While the regressions do not 

predict statistically significant rhos, the correlation between the error terms in the two 

model are positive, indicating positive bias in the predicted effect of using electronic 

systems on the likelihood of ordering tests. When using an instrumental variable, the 

marginal likelihood of a laboratory test or imaging exam decreases in magnitude.  While 

the effect of an EMR on ordering a laboratory test remains statistically significant, the 

effect of an EMR decreases and become statistically insignificant. In contrast, the 

estimated effect of EMR use on total services performed increases greatly while retaining 

statistical significance. This result is harder to explain, but represents, in part, a reduction 

in the variance in the predicted EMR variable, as the standard error remains similar 

between the non-instrumented and instrumented form of the Poisson regression. If taken 

at face value, this coefficient indicates that adoption of an EMR increases the number of 

tests done per patient visit by almost one—more than a 138% increase from the mean. 

More likely, the removal of variation exaggerates this result, and the true effect lies 
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between the non-IV result and the IV result—in either case both statistically and 

practically significant. 

These regression results indicate that adoption of an EMR system that contains all 

workflow tools related to ordering, performing and resulting a test increases the 

probability of a test being performed and the number of tests performed, even when 

controlling for the possibility of past visits, number of chronic conditions, financial 

incentives, and many other chronic conditions. These results are generally robust to the 

use of instrumental variables to control for additional endogeneity, though statistical 

power is reduced.  

By way of summary, Table 7 shows the simulated effect of EMR adoption on 

diagnostic service patterns for all regressions. In general, the increases are small but 

positive. The estimate shows that use of an EMR is associated with a 14.6% increase in 

the probability of a laboratory test being performed, and in the instrumental model, 

causes an 11.5% increase in the ordering of laboratory tests. These results show that 

EMRs are unlikely to move the needle towards fewer tests, but rather cause a significant 

increase in the ordering of diagnostic tests. With that said, lacking patient outcome data 

or an analysis of the appropriateness of the tests performed, it is difficult to come to any 

conclusion regarding whether EMRs are driving greater use of appropriate tests or 

improved patient outcomes. In general, the overall effect of EMR adoption appears to be 

greater on laboratory tests and at the intensive rather than extensive margin. 
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TABLE 7 SIMULATION RESULTS OF MARGINAL EFFECTS OF EMR ADOPTION DERIVED 

FROM TABLE 6 

 No 

Providers 

Use EMRs 

All 

providers 

use EMRs 

Difference 

 Laboratory Test 

Probability 

.266 

(.027) 

.305 

(.029) 

14.6% 

IV Laboratory Test 

Probability 

.268 

(.027) 

.299 

(.044) 

11.5% 

Imaging 

Probability 

.144 

(.031) 

.152 

(.034) 

5.5% 

IV Imaging 

Probability 

.145 

(.032) 

.147 

(.057) 

.018% 

Total Services .715 

(.026) 

.786 

(.030) 

10.5% 

IV Total Services                                       .039 

(.0428) 

.544 

(.181) 

.58 

services 

 

COMPARING MODEL WITH ALL EMR USERS TO MODEL EXCLUDING EMR USERS 

 

While it seems clear from the results presented above that, overall, the use of EMRs 

increases the ordering of tests, and especially laboratory tests, the various mechanisms 

through which this might occur are difficult to decipher. Some additional tests to that end 

are presented below in an effort to clarify potential effects and to explore avenues for 

future research. Table 8 presents the results from running the basic Poisson model 

presented in table 6 twice, once including only EMR users, and once including all non-

EMR users. Comparing these two models shows the changing effect of patient and 

provider characteristics as well as financial incentives when an EMR is used and when it 

is not. The effective difference should be practically identical to including interaction 
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terms between the EMR dummy variable and all the covariates presented in table 6. 

Some of the relevant findings are presented below.  

TABLE 8. ESTIMATED EFFECTS OF EMR USE, PATIENT VISIT TYPE, AND INSURANCE 

STATUS ON NUMBER OF TESTS ORDERED 

 No EMR EMR Difference 

 One Past Visit -.266 

(.016) 

-.227 

(.053) 

.039  

(.056) 

3 or more Past Visits -.437 

(.017) 

-.306 

(.055) 

.131** 

(.057) 

New Patient .150 

(.018) 

-.051 

(-.060) 

-.201***  

(.063) 

Medicaid -.066 

(.016) 

-.154 

(.063) 

-.088  

(.065) 

No Charge .019 

(.046) 

-.473 

(.337) 

-.492  

(.340) 
N 84,300 6792  

    

Table 8 shows the changing relationship between ordering of tests, patients’ visits and 

payment type when an EMR system is used. The data indicates that patients who visit a 

physician using an EMR three or more times in a year are more likely to have a test 

performed than patients who visit providers who do not use an EMR the same number of 

times (p<.05). That same difference is not statistically significant for patients who have 

only been once in the year, but completely new patients, who have never been to that 

physician have substantially fewer procedures performed (p<.01). This indicates that, 

contrary to the commonly held idea that EMRs improve intra-office communication but 

might not improve across-provider communication, new patients are the group who have 

the largest decrease in tests ordered, while established patients have more tests 

performed. 
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 Table 8 also reports on the change in number of tests ordered for patients with 

Medicaid or no insurance relative to privately insured patients when EMR systems are 

used. A possible mechanism for difference here is that the EMR presents insurance 

information more clearly at the time of ordering than do paper charts. Certainly, many 

EMR systems include type of insurance in a patient’s header, which would display on 

screen when a test is being ordered, and might alter ordering practices. Yet while the size 

of the difference in tests ordered based on payer type is large, it is not statistically 

significant. This is due in large part to the small sample size available for these payment 

types among EMR users. For instance, only 66 visits in the sample were for patients 

without insurance seeing physicians that use EMRs. More data is needed to draw solid 

conclusions, but the little evidence available here indicates a weak effect of EMRs in 

increasing sensitivity to insurance type. To the extent that effect is in evidence, it seems 

to decrease the number of tests ordered for patients with low paying insurance. 

In the 2007 and 2008 years of the NAMCS survey, the data set included a 

measure for whether or not laboratory tests were done in the physician’s office, which 

would increase the likelihood that the provider directly garnered profit from the lab 

performed. Unfortunately, that variable was not included in the main models developed 

previously because it is not available in the most recent data, and by and large the 

additional sample size seemed more important than this single variable. Still, given its 

relevance for this study, it deserves some attention.  
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TABLE 9. ESTIMATED EFFECTS OF EMR USE, LABORATORY INTEGRATION AND 

PHYSICIAN OWNERSHIP ON THE NUMBER OF TESTS ORDERED 

 No EMR EMR 

Lab .135 

(.018) 

.269 

(.083) 

Owner -.228 

(.022) 

.430 

(.094) 

Lab & Owner .343 

(.023) 

-.371 

(.083) 

Sum .25 

(.021) 

.327 

(.093) 

N 55716 3993 

 

 Table 9 reports the effect of having in-office lab equipment when an EMR is used 

or not used, coupled with whether or not the physician is an owner of the clinic, which 

would indicate that profit from these procedures accrue to them. Non-owner physicians 

who practice in clinics with laboratory in general appear more likely to order tests than 

physicians who do not, and that effect appears greater for physicians who use EMRs and 

have Labs in the clinic. Given that these physicians are not owners of the system, this 

positive effect should not indicate changes in profits, but rather may indicate that the 

added efficiency in ordering and viewing results from a lab with a new system outweighs 

any greater ease in reviewing past information, thus leading to increased viewing of 

laboratory information. Owners are also more likely to order labs when an EMR is 

present than when it is not, and in fact the presence of an EMR flips the sign of the effect 

of being an owner on ordering practice when lab equipment is not present; when all 

owners are considered, the effect is much more similar. This may represent practice 

patterns where owners in small practices who do not use EMRs and do not have a lab 
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practice are simply less tied into larger systems and thus less likely to use equipment, 

while physicians who do use an EMR are owners in larger, more complex systems and 

thus more likely to order tests. The interaction term on owners and labs reveals part of 

this trend: owners in general do not appear to be statistically significantly more likely to 

order tests. 

 The final sum indicates that clinic owners who have equipment in the office order 

more tests than those who do not, and that this effect is greater when an EMR is used, 

though the difference in the effect for EMR users and non-users is not highly statistically 

significant. This effect indicates that highly integrated practices, where clinical owners 

have access to on-site procedural equipment and can order and review test information 

online order more tests than physicians who do not. Still, because of the exploratory 

nature of this part of the investigation, the generally low statistical significance, and the 

lack of quasi-experimental approaches, caution must be used in interpreting the 

magnitude of this trend. This evidence might be most helpful as a starting point for future 

investigations. 
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CONCLUSION 

 

Contrary to the claims of public officials from both the Bush and Obama administrations, 

widespread adoption of Electronic Health Records do not appear to reduce the number of 

tests ordered, at least as those systems have been implemented so far. To the degree that 

adoption of EMRs has an effect on testing use, it increases rather than decreases the 

utilization of laboratory tests and imaging procedures. Controlling for endogeneity 

concerns through the use of instrumental variables based on varying state practices, it 

appears that providers are approximately 10% more likely to order a laboratory test when 

they use an EMR compared to when they do not, and they order approximately 0.5 more 

tests per visit overall. As some longitudinal case studies have made clear, well 

implemented systems with decision support capabilities and high functioning interfaces 

may have the ability to greatly increase provider information, decrease the need for tests, 

and improve medical decision making. But that result is not the broad trend observed 

across providers in this sample from 2006-2009. Instead, the use of electronic records is 

associated with an increase in tests ordered consistent with a hypothesized decrease in 

marginal cost of these tests. Since these results seem to broadly hold when IVs are used, 

the effect may be causal.  

The clear inference of the conceptual model provided in this paper is that as HIT 

improves the efficiency with which tests are performed, payers should move to capture 

some of the increased efficiency through reduced prices for these services. Yet this work 

only indicates that there is, broadly, a directional and causal effect of HIT: to increase 
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tests. Much more analysis of the changing cost structure of procedures when HIT is used 

needs to be undertaken before any direct policy change could be enacted. Procedures for 

which overhead administrative and communication costs provide the majority of the cost 

might see their costs reduced by the largest percent, indicating a large effect. 

Still, in some cases the results here may be driven by increased ordering of 

medically appropriate tests, or unobserved differences in patient severity, degree of 

financial incentive correlated with EMR adoption, or some other effect. Further work 

needs to be done to tease out the exact mechanism through which these tests are 

increasing. While some exploration into the underlying trends are performed here, that 

work is only a start, and indicative of other research that needs to be done. Still, the 

trends explored here indicate that EMRs do reduce the number of tests ordered in some 

circumstances, for instance for new patients, while they increase them in others, like for 

returning patients. Individuals with poor insurance also appear to receive fewer services 

when EMRs are present, but those results lack statistical significance in this sample. 

Finally, providers who work in clinics that have laboratory equipment on-site are more 

likely to order tests when EMRs are present, as are physicians who own their practice. 

While some of these trends are positive, it seems that the promised sharing of 

information between providers and provider systems does not appear to be sufficiently 

fulfilled to decrease the number of tests performed. It seems likely that the potential for 

EMRs to increase the medical knowledge present is not being fully met. There are 

multiple potential reasons that may be the case, not all of which are explored here. There 
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are clear incentives to keep patients within the system: holding the patients’ past records 

provides a driver for repeat business from that patient, who does not want to go through 

the hassle of having their records transferred. Privacy issues also stymie the sharing of 

information, as sensitive health information cannot be shared without the active 

permission of the patient under current law, so that patient information is not free to 

circulate electronically without direct action. And of course, implementing this highly 

connected system in a way that provides meaningful information to providers when they 

need it is not simple and requires a workforce that does not yet exist.   

Increasing adoption is only the first step in good public policy regarding HIT use. 

Without government facilitation, private industry appears to have not broadly 

implemented these systems to reduce testing use and to truly share information. As 

Meaningful Use requirements expand over the next few years, emphasis should be placed 

away from exactly what is recorded and towards what is shared, with whom, and with 

what ease. Even before the ability to improve decision making, the clear promise of HIT 

is to allow information to be easily shared and truly portable. 
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