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H ospital electronic health records (EHRs) are thought to sig-
nifi cantly improve healthcare processes, yielding safer, more 
cost-effective care.1-8 Electronic health records are complex, 

integrated systems and cost millions of dollars to develop and imple-
ment. Physicians are key users of the systems and hold signifi cant pow-
er to reduce hospital costs and improve quality,9,10 though physician 
nonuse of EHRs is a serious problem.11-13 We developed a pragmatic, 
predictive model for the adoption of a Healthcare Information and 
Management Systems Society stage 7 EHR using predictors at the hos-
pital, physician group, and physician levels.

Although the cost of technological innovation has been blamed for 
more than half of healthcare cost increases,14 some innovations reduce 
the cost and improve the quality and safety of healthcare. Electronic 
health record systems are considered essential to future improvements in 
care.15,16 In systematic reviews of the literature, health information tech-
nology was shown to improve quality by increasing guideline adherence, 
decreasing medication errors, and enhancing disease surveillance.17,18

Research also showed improved effi ciency through decreased utiliza-
tion of healthcare resources such as redundant diagnostic tests. The in-
tegrated EHR—seamlessly connecting primary, secondary, and tertiary 
providers of care—is regarded as the ultimate goal, but has only been at-
tempted by a few large health systems in the United States.17,19 Current 
research regarding the use of EHRs, however, “is scattered across many 
different clinical contexts and involves many different types of EHR.”20

There are numerous functions included in an integrated EHR in-
tended to improve the quality, safety, or effi ciency of care. Three func-
tions recognized as important are computerized physician order entry 
(CPOE), electronic history and physical (EH&P) documentation, and 
electronic discharge summary (EDS) documentation.21

CPOE, augmented by computerized clinical decision support, is one 
of the processes expected to immediately improve clinical outcomes.17

The percentage of orders entered directly by the physician via the com-
puter is advocated by the Agency for Healthcare Research and Quality 
as an important measure of EHR use.21,22 The benchmark CPOE rate of 
80% has been advocated by several experts.23 The percentage of orders 

entered directly, however, varies 
widely from hospital to hospital and 
physician to physician.24

There is a dearth of research 
about the adoption of the EHR doc-
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umentation functions. Studies suggest structured data entry 
into the EH&P and EDS can prompt completeness, provide 
greater accuracy and readability, and improve communica-
tion.25 Additionally, electronic capture of these data assists 
in coding and extraction of data for future health services 
research. 

While it is generally assumed that EHR adoption will yield 
positive outcomes, extant research on factors infl uencing phy-
sician adoption of EHRs implemented by hospitals is biased by 
several factors, including low survey response rates and meth-
ods too cumbersome to be practical for use by healthcare ad-
ministrators. Our research uses a pragmatic, “common sense” 
multilevel view of adoption of innovation, examining level of 
EHS adoption at a model healthcare system as a function of 
variables at 3 levels: hospital, physician group, and physician.

METHODS
Study Setting and Sample

This study used retrospective administrative data to evalu-
ate the rate of adoption of a Healthcare Information and 
Management Systems Society stage 7 EHR by physicians at 3 
hospitals in an integrated healthcare system in Virginia. The 
EHR was interoperable between hospital, ancillary, and phy-
sician offi ce locations. The cost of the EHR was about $30 
million per hospital. The hospitals selected for evaluation 
activated the EHR within 9 months of one another. The soft-
ware, hardware, and implementation and training methods 
were consistent and stable. The hospitals include 2 communi-
ty hospitals and 1 large academic hospital in order to provide 
a better cross-section of a typical hospital system. The sample 
excluded low-volume admitters (fewer than 10 patients per 6 
months), physicians who admitted patients during fewer than 
3 of the 6 months evaluated, and physicians with prior expo-
sure to the EHR. 

Research Question and Variables
What variables predict physician adoption of an EHR, 

with adoption defi ned as the initial achievement of 80% use 
within 6 months after EHR activation? Dependent variables 

included rates of CPOE, EH&P, and 
EDS. Independent variables were based 
on a heuristic combination of constructs 
from the diffusion of innovations theory 
and the resource dependence theory. 
Adoption was hypothesized to be posi-
tively associated with you  ng age, higher 
volume, high physician-hospital align-
ment, high levels of loyalty, hospital-
based practice, medicine specialties, 

being from larger groups, having offi ce-based EHRs, admis-
sion of a higher proportion of inpatients versus outpatients, 
and admitting at larger teaching hospitals. Physician hos-
pital alignment was divided into 4 categories: employed by 
the health system, aligned by a contract, independent, and 
competing (contracted or employed by a competing health 
system). No a priori hypotheses were specifi ed for differences 
between CPOE, EH&P, and EDS. 

Statistical Analysis 
Because of the clustering of physicians within hospitals, 

models were estimated with generalized estimating equations 
with SAS/STAT software version 9.2 using PROC GEN-
MOD.26 The strengths of the individual variables with respect 
to their individual odds ratios (ORs), their alpha signifi cance, 
and their QICu statistics27,28 were considered in the deter-
mination of the best models of rate of adoption. The com-
mon correlation for all of the generalized estimating equation 
models was r = -0.0057, suggesting minimal clustering effect. 
Power was calculated for the models using R2 software.29 The 
calculations suggest adequate power (>.80) for this sample 
size and number of variables.

The physicians included in the sample accounted for more 
than 80% (n = 84,326) of admissions to the 3 hospitals during 
the study period.

RESULTS
Separate models for CPOE adoption, EH&P adoption, 

and EDS adoption using all of the independent variables 
were fi tted and subsequently reduced. Results for the best-
fi tting models are presented in the Table. For the CPOE 
full model the QICu was 264.98, and for the reduced model 
the QICu was 262.35. While there was not much change 
in QICu, the reduced model was slightly better fi tting. The 
likelihood of CPOE adoption was higher for physicians at 
the small community hospital (OR = 8.27) and the midsized 
community hospital (OR = 2.9) compared with the large 
academic hospital; higher for employed physicians (OR = 
24.9) and contracted physicians (OR = 1.2) compared with 

Take-Away Points
We used a heuristic model to predict adoption of a Healthcare Information and Manage-
ment Systems Society stage 7 electronic health record (EHR) by 326 admitting physicians. 
Adoption of computerized physician order entry (CPOE), electronic history and physical, 
and electronic discharge summary was evaluated.

� Physician-hospital fi nancial alignment was the strongest predictor for all 3 functions, 
although hospital environment may affect each function differently.

� Demographic factors, volume, inpatient ratio, group size, and loyalty were not consis-
tently predictive of EHR adoption.

� The benchmark of 80% use rate of CPOE is achievable in this environment.
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For the EH&P full model the QICu was 381.50, and for 
the reduced model the QICu was 377.53. While there was 
not much change in QICu, the reduced model was slightly 
better fi tting. The likelihood of EH&P adoption was higher 
for the large academic hospital compared with the midsized 
community hospital (OR = 1.52) or small community hos-
pital (OR = 2.94); higher for contracted physicians (OR = 
20.5) and employed physicians (OR = 6.99) compared with 
competing physicians; higher for women compared with men 
(OR = 1.7); and lower for physicians with discharges above 
the median (more than 70 discharges) compared with physi-

competing physicians; higher for men compared with women 
(OR = 3.3); higher for surgeons compared with medical phy-
sicians (OR = 1.83); lower for physicians in the top quartile 
of discharges (more than 132) compared with the fi rst quar-
tile of discharges (fewer than 36) (OR = 0.34); and lower 
for physicians in the second quartile of inpatient ratio (less 
than 46%) compared with the fourth quartile of inpatient 
ratio (more than 98%) (OR = 0.26). Age, group size, use of 
an offi ce EHR, being hospital based, and loyalty were not 
signifi cant predictors of adoption of CPOE by 6 months once 
adjusted for other variables

� Table. Generalized Estimating Equations Summary for Electronic Health Record Adoption 

Dependent Variable

CPOE EH&P EDS

Independent Variable Pa Exp(B) Pa Exp(B) P a Exp(B)

Hospital

  Large academic Reference Category Reference Category Reference Category

  Small community <.001 8.27 .0010 0.66 <.001 0.78

  Mid-sized community .0002 2.86 <.001 0.34 <.001 0.34

Alignment

  Competing Reference Category Reference Category Reference Category

  Independent .2321 2.44 .3291 1.93 .0008 1.83

  Contracted .7106 1.18 <.001 20.46 <.001 12.70

  Employed .0002 24.92 <.001 6.99 <.001 5.27

Sex

  Female Reference Category Reference Category

  Male <.001 3.30 .0563 0.59

Specialty

  Medical Reference Category Reference Category

  Surgical <.001 1.83 .0028 2.34

Hospital based

  No Reference Category

  Yes .0439 0.45

Discharge quartile

  1 Reference Category Reference Category

  2 .8033 1.06 .8921 1.08

  3 .8423 1.03 .0053 0.44

  4 .0014 0.34 <.001 0.29

Inpatient quartile

  1 .3829 0.64 .1201 3.47

  2 .0417 0.26 <.001 1.75

  3 .3820 0.63 .0057 2.10

  4 Reference Category Reference Category

CPOE indicates computerized physician order entry; EDS, electronic discharge summary; EH&P, electronic history and physical; ExP(B), odds ratio.
aEmpty cells indicate that results were not signifi cant.
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cians with discharges in the fi rst quartile (ORs = 0.44 and 
0.29).

For the EDS full model the QICu was 337.75, and for the 
reduced model the QICu was 328.47. Here, the QICu had a 
slightly larger change, indicating that the reduced model was 
better fi tting. The likelihood of EDS adoption was higher for 
the large academic hospital compared with the mid-sized com-
munity hospital (OR = 2.9) and the small community hospital 
(OR = 1.3); higher for independent physicians (OR = 1.8), 
contracted physicians (OR = 12.7), and employed physicians 
(OR = 5.27) compared with competing physicians; higher for 
surgical specialists compared with medical specialists (OR = 
2.3); and lower for hospital-based physicians compared with 
those who were not hospital based (OR = 0.45).

DISCUSSION
The combination of the diffusion of innovations theory 

and resource dependence theory provides a pragmatic model 
for the prediction of EHR adoption. Interestingly, organiza-
tional-level variables and level of physician-hospital align-
ment were more predictive than individual physician–level 
variables. The hospital type was signifi cantly associated with 
adoption of all 3 EHR functions. The direction of that as-
sociation varied and may suggest that leadership, change 
management methods, social norms at each facility, or other 

environmental factors affect adoption differently for different 
functions in the EHR software. 

Adjusted for other variables including hospital, the type of 
fi nancial alignment was clearly the strongest predictor of adop-
tion of all of the measures of EHR adoption. Employment and 
contractual alignment both increased the likelihood of adop-
tion of all 3 EHR functions. Financial incentives or goals to 
meet the predetermined threshold of 80% use were known to be 
present in some of the contracts and employment agreements. 
Moreover, the lack of association between loyalty and adop-
tion suggests fi nancial relationships are more important than 
nonfi nancial relationships. Additionally, admitting physicians 
employed by competing health systems may consider it an in-
convenience to care for patients at the competing institutions, 
only admitting patients at the health system studied because of 
exclusive contracts with payers or because of patient request. 

Another interesting fi nding is the difference in the speed and 
level of adoption of CPOE versus EH&P and EDS as shown in 
the Figure. This suggests there is a difference in the way the 
physicians approach the “action” function of CPOE (telling 
people what to do) versus the “retrospective documentation” 
functions (telling people what was done) of EH&P and EDS. 
Another likely explanation may be the level of diffi culty physi-
cians experienced in using noncomputerized methods. Forms for 
written orders were removed from most areas of the hospital and 
verbal orders were strongly discouraged by the hospitals’ leader-

� Figure. Comparison of Adoption Curvesa
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CPOE indicates computerized physician order entry; EDS, electronic discharge summary; EH&P, electronic history and physical.
aShown are the adoption curves for the 3 measures of use at the mean of covariates. At the end of the fi rst month, adoption by physicians was great-
est for CPOE (49%), followed by EH&P (32%) and EDS (21%). After the fi rst month, the adoption for EDS surpassed that of EH&P, though CPOE was 
still most frequently adopted. By the end of the 6 months, 80%, 59%, and 67% of physicians had adopted CPOE, EH&P, and EDS, respectively.
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ship, while the use of verbal dictation for the documentation of 
history, physical, and discharge summary information remained 
readily available. The effect of monitoring metrics and admin-
istrators’ attention to meeting goals may also explain some of 
the differences in adoption of CPOE compared with EH&P and 
EDS. Administrators emphasized CPOE compliance, evaluat-
ing use rates for each physician on a weekly basis. Use of the 
electronic documentation functions was encouraged but did not 
receive the same level of monitoring and feedback as CPOE. 

Policy Implications
The adoption of CPOE at a level of 80% was suggested by 

experts as the hurdle for the receipt of incentive payments 
from the government. The fi nal Health Information Tech-
nology for Economic and Clinical Health (HITECH) Act 
reduced the level to 50%. This study shows the 80% rate is 
achievable and provides information about the association of 
physician alignment and other variables. No incentives are 
in place for the use of the documentation functions of the 
EHR, and physician adoption of those functions lags behind 
that of CPOE. Since alignment was signifi cantly associated 
with adoption, it may be valuable for the government to con-
tinue plans to integrate the payment for services for physician 
and hospital services, thereby encouraging physician-hospital 
alignment and consequently EHR adoption.

Administrative Implications
Hospital administrators may use the results of this study to 

perform an assessment of the likelihood of EHR adoption by 
the medical staff at individual hospitals. Understanding the 
variables that are associated with success or failure will enable 
them to devise strategies to improve the odds of high use and 
rapid adoption. The effect of the hospital environment was 
signifi cant but much less powerful than the effects of align-
ment when adjusted for type of hospital. Understanding the 
association of fi nancial alignment may encourage administra-
tors to further their efforts to hire or contract with physicians. 
Actions may also include increasing attention to physicians 
predicted to be slow adopters to increase the odds that they 
buy into the system. Hospital administrators traditionally 
have relied on good relationships and physician loyalty as a 
predictor of future behavior. Loyalty, however, was not a sig-
nifi cant predictor of adoption or the rate of adoption. Admin-
istrators should be aware that strong informal relationships 
do not predict adoption by admitting physicians, although 
formal fi nancial alignment is a strong predictor.

Limitations
The environment, EHR software, and cost are reasonably 

representative of many multihospital healthcare systems, or 

what they are in the process of becoming, but may not be 
representative of independent hospitals. Although the EHR 
software implemented was a version of the most commonly 
implemented EHR software, the results of this study may not 
be generalizable to other environments. The number of hos-
pitals included in the study is limited; the hospital variable is 
intended to be used for statistical adjustment. 

Globally, EHR development, implementation, and adop-
tion have been slow due to cost and interoperability issues.30

It is clear that cost and interoperability are important issues 
even after the initial purchase of an EHR. Cost may limit 
healthcare systems’ ability to upgrade hardware or provide 
personnel, and a lack of interoperability limits the EHR’s use-
fulness during transitions of care. Seeking a pragmatic model, 
we were limited to information that could be collected with-
out a survey and did not evaluate cost, interoperability, or per-
ceptions. As more hospitals and physician groups implement 
EHRs, research regarding the effects of interoperability will be 
valuable. Finally, this study only focused on adoption and did 
not evaluate whether adoption resulted in improvements in 
patient care or patient outcomes.

CONCLUSIONS
This study evaluated the adoption of an EHR by admit-

ting physicians using 3 functions of the EHR as dependent 
variables. The adoption of EHRs might relate to leadership 
infl uence, change management methods, and other organi-
zation-level variables. Physician-hospital alignment was a 
strong predictor of adoption. Individual characteristics of the 
adopter did not consistently predict adoption. Although con-
sistently shown to be a predictor in extant literature, age had 
no signifi cant effect on adoption. 

There are differences in adoption for the action function 
of CPOE compared with the retrospective, documentation 
functions of EH&P and EDS. With the exception of align-
ment, the variables that strongly predicted adoption of the 
action versus documentation functions are the same, but the 
directions of the associations are different. Future research to 
explain these differences is recommended. 

This study evaluated the installation of an EHR at a health 
system that was highly integrated and had high levels of phy-
sician-hospital alignment. The level of physician-hospital 
alignment and complexity of the EHR provided a unique op-
portunity to evaluate the effects of alignment on the adoption 
of the EHR and to create a predictive model for future use. 
Physician-hospital alignment had a consistent positive effect 
on physician adoption of the 3 EHR functions studied. The 
concept of loyalty, long held by healthcare administrators as a 
measure of the strength of the relationship between the hospi-
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tal and the physician, and a good predictor of future physician 
cooperation, appears to have been upstaged by fi nancial align-
ment. Knowing the results of this study may help administra-
tors improve EHR installations.
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