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Results: The productivity of OFB physicians is increased
by the use of e-prescribing (+17.4%, p<0.001) and
Objective: Estimate the effects of electronic health intervention reminders (+5.7%, p=0.03). There are no
records (EHRs) on physician productivity in day-to-day significant effects of the different mixes of health records.
practice by including the combinations of EHRs with nonAmong NOFB physicians, e-prescribing is the only
electronic records that typify current practice.
contributor to productivity (+7.7%, p=0.069).
Study Design: Cross section of 7,725 physicians
Physicians rank EHR-only as more productive than any
representing 70% of physicians who provided patient care
in 2012-2014 in Arizona. The sample was divided into office combinations of EHRs with non-electronic records.

Abstract

based (OFB) and non-office based (NOFB) physicians.

Methods: Information from licensing applications was
combined with a survey of the uses of electronic and nonelectronic health records. Productivity was measured as
patient visits per hour in a typical work week. The effects
of EHRs on productivity were estimated from a regression
model that compared users to non-users and an model that
included combinations of electronic, paper and scanned
records. The results are compared to the physicians’
rankings of the effect of each combination of records on
staff and physician productivity.
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1 Introduction
This study analyzes the effects of mixing electronic health
records (EHRs) with non-electronic records on physician
productity using data on 7,725 physicians in Arizona during
2012-2014. Office based physicians in the United States
increased their use of EHRs from 18% in 2001 to 78% in
2013 [1]. In Arizona, EHR use, by office based and nonoffice based physicians, increased from 45% in 2007-2009
to 81% in 2012- 2014 [2]. The predicted improvements in
productivity from EHR use have not, however, been realized
[3, 4, 5, 6].

Conclusion: The potential productivity of EHRs is severly
limited by the typical practice of combining EHRs with
non-electronic records. Reducing the number of different
types of records used in a practice will increase the positive
effects of EHRs on productivity. One requirement for such
reductions is an increased availability of health information
exchanges.
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The predictions failed to adequately adjust for the
substantial lag between adoption of an EHR by a medical
practice and reliance on EHRs as the only form of medical
record. Eighty-three percent of Arizona physicians with
EHRs and 80% of physicians nationally, combined EHRs
with paper and/or scanned records [2, 7].
The shortage of health information exchanges (HIEs)
over which EHRs can be exchanged also limits the
effectiveness of EHRs. Avoiding duplicative tests and adverse
events, for example, requires sharing among providers, but
only 14% of office based physicians in the U.S. exchange
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information electronically with other health care organizations
[8, 9]. In Arizona, for example, 36% of physicians engaged in
e-prescribing; 26% electronically exchanged patient summaries;
28% exchanged electronic lab orders and 10% of physicians
exchanged intervention reminders [2].
Early discussions of EHRs implicitly assumed that HIEs
would grow apace with the adoption of EHRs but many HIEs
closed when government or philanthropic subsidies ended and
the future of many active HIEs is uncertain [10, 11, 12, 13, 14,
15, 16].
In 2012, the Arizona statewide HIE (The Network) served
only 37 participants, mostly hospitals [2]. The inability to transfer
EHRs electronically requires scanning or downloading medical
records to paper to be faxed or emailed [7]. Each transaction
reduces physician and staff productivity in the sending and
receiving organizations.

Bae J and Encionosa WE [17] authored a very
comprehensive study of the impact of EHRs on the
workload of primary care physicians (PCPs). The outcome
variables were patient face time per visit and weekly patient
visits. The nationally representative sample includes 1,470
PCPs during 2006-2009. The quintile regression models
include 46 independent variables including demographics,
health insurance, patients’ health, practice characteristics
and geography for anextensive representation of potential
influences on productivity.
The results show that EHR use increases productivity
among older PCPs but reduces productivity among younger
PCPs. It also shows that physicians using EHRs increased
face time per patient. The model does not, however, include
information on the extent to which EHRs were used in
combination with paper records.

Fleming et al. [18] researched 26 primary care practices,
totaling approximately 450 physicians, in Texas for the
years 2006-2008 [18]. Information was provided on both
the workflow and financial outcomes of EHR use. Physician
productivity was measured by work RVU per physician and,
of particular interest to this study, visits per patient full time
equivalent (FTE). Productivity decreased when EHRs were
first adopted and gradually recovered but did not return to
We estimate a multivariate model linking physician productity
pre-adoption levels for a net decrease in productivity. No
to EHRs, comparing users to non-users and then compare the
information was provided on the extent to which EHRs were
estimates to a model that includes EHRs combined with noncombined with non-electronic records.
electronic records. Results are also presented on the shortage of
Adler-Milstein J et al. surveyed 49 community practices
HIEs.
in Massachusetts during 2005-07 [19]. The study compares
Physicians’ rankings of the productivity effects of EHRs
costs and revenues associated with the adoption of EHRs.
and the combinations of EHRs with paper and scanned records
Savings are defined as increased patient visits per hour,
are compared to the estimates from the multivariate models.
reduction in dictations and the elimination of paper records.
Statistically significant contributions to productivity from EHRs
The study mentions that nearly one-half of the practices used
are only found in the model with record combinations included.
paper records with their EHRs but does not analyze the effect
Examples of the positive effects of EHRs include increases in
on productivity.
productivity from e-prescribing which combines EHR use with
Adler-Milstein J et al. surveyed 42 small primary care
networks for electronic exchanges. Physicians’ perceptions
practices using Athena Health software in several States in
strongly suggest that EHRs increase their productivity.
2006-2009 [20]. The software included an EHR and a billing
2 Background
system. Productivity was measured in Relative Value Units
(RVUs) per workday. One interesting result was an analysis
2.2 Literature Search
of the effects of the delegation of tasks to non-physician staff.
Increased use of EHRs and increased delegation of tasks
Research on physician productivity and EHRs includes increased RVU production but not the number of monthly
large national survey studies of office-based physicians and appointments. The increases in productivity were restricted
analyses of 1-50 primary care practices, often within a single to larger (4+physicians) practices while both EHR use and
State. We scanned Goggle Scholar and PubMed using the terms delegation reduced productivity in smaller practices.
electronic medical record, electronic health records and physician
Furukawa MF provides a comprehensive study of the
produductivity through the year 2017. We found studies relating
to the effects of EHRs on physician productivity, but none that effect of EHR use on services provided per 20 minutes of a
considered the effects of combining electronic and non-electronic patient visit, using national data on 2,625 physicians and a
sample of patients [21]. The services include: examinations,
records.
The use of multiple types of records reduces physician and staff
productivity relative to using a paper or electronic record alone.
Comparisons of EHR users to non-users obscure differences in
productivity among physicians that reflect differences in reliance
on mutliple types of medical records. The resulting estimates, on
average, are likely to understate the true productivity of EHRs
alone.
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health education, laboratory tests, radiology procedures, nonmedication treatments and medications. The probability that a
service was provided and the number of services provided are
estimated. EHR use increased the probability that laboratory
tests were ordered but reduced the number ordered. The changes
in labortory tests were the only significant impact of EHR use.
Most germane to our results, EHRs did not affect the duration
of physician visits. No information was provided on mixes of
electronic and non-electronic records.
Cheriff AD et al. compare average monthly patient visits to
203 physicians in a physician group who adopted EHRs versus
“non-adopters”[22]. Average monthly patient visits increased
but the intensity of visits (RVUs) declined. One problem is the
definition of “non-adopters.” A proficiency score combining
closed office appointments and lag times was calculated and a
threshold value selected to distinguish between proficient and
non-proficient EMR users. The “non-adopters” were EHR users
who failed to achieve a threshold value for increased patient
visits relative to pre-adoption. Patient visits to “non-proficient
EMR users” were unchanged. The results are, therefore, more a
comparison of proficient and non-proficient users than between
users and non-users of EHRs.

3 The Model

solo practice; group practice; private outpatient practice and other
(omitted); for non-office based physicians: community health
center, state hospital; hospital combined practice; federal hospital
and hospital/medical school group practice (omitted).
Specialty: Binaries from the licensing data.
Primary Care: Family care, general practice, geriatrics, or
internal medicine.
Pediatric Specialties: Pediatricians or physicians practicing a
pediatric subspecialty.
Surgical Specialties: Surgeons or any surgical subspecialty.
Hospital Based Specialties include critical care medicine,
emergency medicine, hospitalist medicine, infectious disease,
neonatology, respiratory care, transport medicine, intensive
care medicine, pathology, nuclear medicine and rehab and
occupational medicine (excluded by National Ambulatory
Medical Care Survey (NAMCS) from office based data).
Medical Specialties, all others.
X: Binaries for Doctor of Medicine (MD), male.
Experience: In years, measured as: Survey Date – Graduation
Date.

Urban: Binaries for Maricopa and Pima counties, the urbanized
Lacking a well established theoretical model of the effect of counties in Arizona.
EHRs on physician productivity we follow previous studies by
Size: Binaries for number of physicians in practice; 2-5
specifying an empirical model incorporating determinants of
physicians,
6-50; 51-94, 95+ (omitted).
physician productivity that were identified in previous research.
We measure patient visits per hour in a “typical work
week”, defined by physician’s survey responses. We regressed
the log of (visits/hour) on EHR use in a base model with the
treatment variable being “any EHR use (1,0)”. An alternative
model includes record types ranging from paper-only and EHRonly to combinations of EHRs with non-electronic records. The
measures of physician utilization of EHR functions include:
patient summaries; e-prescribing, lab results and reminders
for interventions.. The control variables include practice type,
specialty, practice size, and physician characteristics.
The base model is specified as:
P
ln   =β0 + β1 EHRi + β 2 practicei + β3 specialtyi + β 4 X i + β5 experiencei + β6 urbani + β7 sizei + ε i
 hr i

The alternative model adds medical record combinations and
a measure of the extent to which physicians use EHR functions.
EHR Combinations: seven mutually exclusive binary
variables: Paper files only; EHR only; Scanned Images Only;
Paper+Scanned Images Only; EHR+Paper only; EHR+Scanned
Images Only; Paper+Scanned Images+EHR (omitted).
Three Functions variables are defined as: (EHR (1, 0) *
Function Used (1, 0)) for whether physicians with EHRs used:
Patient Care Summaries; E-prescribing; Lab Results and Reminders
for Interventions. Quality metrics and public health reports are
omitted.
Both models are estimated for OFB and NOFB physicians.

4 The Data

Arizona State University (ASU) has partnered with the
where: ln  hrP  is the logarithm of patients treated/ hour in a typical
allopathic
(Arizona Board of Medicine) and osteopathic (Arizona
week, as reported by physician i’s survey responses.
Board of Osteopathic Examiners) licensing boards to track all
EHR: an electronic version of a patient’s medical history, physicians with Arizona licenses since the 1990s [2]. ASU adds
including progress notes, problems, medications and other voluntary surveys to license renewals and merges survey responses
information used in treatment. A 1, 0 variable, indicating if a with each physician’s licensing data. Licenses are renewed every
physician uses an EHR.
two years so the 2012-2014 cohort of eligible subjects included all
Practice Type: Binary variables for office based physicians: physicians with Arizona licenses.
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In 2012-2014, 14,013 or 84% of the 16,620 physicians vs. 3%). Among physicians with EHRs, OFB physicians are
practicing in AZ, responded to the survey. We excluded 1,056 less likely to use available EHR functions, with the largest
retired or semi-retired physicians; 2,017 physicians who did difference being the use of lab orders (50% vs. 74%).
not provide patient care and 3,215 physicians with incompleted
The differences between OFB and NOFB physicians
answers. The analysis data set includes 7,726 physicians.
represent different stages in the transition from paper to
EHRs. NOFB physicians have nearly ended sole reliance on
5 Results
paper but the transition to EHRs is not complete. More than
one-third of them combine EHRs+paper+scanned records
5.1 Descriptive Data
and a slightly larger percentage use EHRs+ scanned records.
Figure 1 compares the types of health records used between The EHR +scanned record combination may be the last stage
2007-2009 and 2012-2014. Paper records were the only record in the transition to reliance on EHRs alone, awaiting the
used by 46% of Arizona physicians in 2007-2009. Reliance on expansion of HIEs.
paper alone declined to 11% by 2012-14 but sole reliance on
EHRs hardly changed (13.4% to 14%). Instead, more than two- 5.2 Multivariate Estimates
thirds of physicians combined EHRs with paper and/or scanned
We next compare estimates from the model that simply
records. Utilization of EHRs+scanned records increased from 12%
compares
EHR users to non-users to results that better
to 33% and EHR+paper+scanned increased from 12% to 31% [2].
represent day- to- day practice by including combinations
The persistence of paper reflects the lagged transition from
of EHRs with non-electronic records. The coefficients in
paper to EHRs while the growth in scanned records is evidence of
Table 2 represent percentage changes for unit increases in
the limited opportunities for electronic record exchanges.
the independent variables because outcomes are expressed in
The National Ambulatory Medical Care Survey (NAMCS) logarithms.
of office based (OFB) physicians excludes government practices
Among OFB physicians, pediatricians see 25% more
and certain specialties [23]. We applied these criteria as closely
as possible to create the samples of OFB and non-office based patients per hour and surgeons see 49% fewer patients than
other specialists. MDs see 10% fewer patients per hour
(NOFB) physicians described in Table 1.
than Doctors of Osteopathic Medicine (DOs). Productivity
Office based physicians are more experienced (23 years vs.
increases with practice size relative to solo practice but
20 years); more likely to be male and to be in smaller practices
marginal returns decline from 19% (2-5 physicians) to 15%
than NOFB physicians. They are much less likely to have EHRs
(6-50) and 13% (51-94).
(74% vs. 91%), relying more heavily on paper records alone (19%
The comparison of users to non users of EHRs (the base
81.3%
model)
shows no significant effects of EHRs on productivity
EHR alone or in combination
45.1%
but significant effects are found in the model that includes
31.4%
EHR + Paper + Scanned Images
12.4%
combinations of EHRs with non-electronic records and the
use of EHR functions.
32.6%
EHR + Scanned Images Only
11.6%

EHR + Paper Only

3.1%
7.6%

Paper + Scanned Images Only

5.4%
6.2%

The coefficients on the use of EHR functions represent the
effects of a physician using a function compared to either not
having an EHR or having an EHR but not using the function.
Because the functions variables are correlated with the
prevalence of EHR use, the higher the utilization of EHRs, the
less likely that estimates for functional use will be statistically
significant even though they affect productivity.

1.7%
3.2%

Scanned Images Only

14.0%
13.4%

EHR Only

11.4%

Paper Files Only

45.6%

The productivity of OFB physicians, where the effect
of EHR-only is not significant, is increased by the use of
2012-2013
2007-2009
N = 10,780
N = 6,387
e-prescribing (+17.4%) and intervention reminders (+5.7%).
Figure 1: Methods of storing medical records by renewal period. Among NOFB physicians, where nearly everyone has an EHR
Source: AMB, ABOE Survey Data, 2007-2009; 2012-2014.
and the overall effect of EHR-only is statistically significant
Respondents who did not identify a method of storing medical (+6.9%). The use of e-prescribing increases productivity
records (missing): 390 for 2007-2009 and 2,177 for 2012-2014. by +7.7%. The success of e-prescribing for both groups of
*Data on “EHR alone or in combination” is not mutually physicians results in part from the well established electronic
exclusive from otEHR categories.
0%

20%
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Table 1: Means and standard deviations for full model specifications.

Dependent Variable:
ln(pat/hr)
Independent Variables:
Any HER
Patient summary
Intervention reminder
Lab reports
E-prescribing
Paper only
EHR only
Scan only
Paper + scan
EHR + paper
EHR + scan
Solo practice
Group practice
Private outpatient practice
Community health center practice
State hospital
Hospital combo practice
Federal hospital
Primary care specialty
Medical specialty
Pediatric specialty
Surgical specialty
MD
Male
Physician experience
Maricopa County
Pima County
Practice size: 2 to 5
Practice size: 6 to 50
Practice size: 51 to 94
Sample size

Office Based Physicians
Mean (SD)

Non-Office Based Physicians
Mean (SD)

0.559 (0.624)

0.235 (0.686)

0.736 (0.441)
0.555 (0.496)
0.198 (0.398)
0.502 (0.500)
0.558 (0.496)
0.189 (0.392)
0.125 (0.331)
0.012 (0.109)
0.052 (0.222)
0.034 (0.182)
0.314 (0.464)
0.340 (0.473)
0.578 (0.493)
0.074 (0.262)

0.910 (0.081)
0.644 (0.478)
0.304 (0.460)
0.738 (0.439)
0.613 (0.487)
0.028 (0.167)
0.153 (0.360)
0.012 (0.112)
0.034 (0.183)
0.027 (0.162)
0.389 (0.487)

0.164 (0.370)
0.039 (0.195)
0.385 (0.486)
0.130 (0.336)
0.463 (0.498)
0.215 (0.411)
0.123 (0.328)
0.079 (0.270)
0.860 (0.346)
0.642 (0.479)
19.813 (11.500)
0.583 (0.493)
0.187 (0.390)
0.107 (0.309)
0.399 (0.489)
0.097 (0.297)
2,982

0.410 (0.492)
0.286 (0.452)
0.093 (0.290)
0.123 (0.328)
0.860 (0.346)
0.725 (0.446)
23.222 (11.167)
0.666 (0.471)
0.155 (0.362)
0.288 (0.453)
0.252 (0.434)
0.030 (0.173)
4,583
Table 2: Physician productivity and EHR.

Office Based

Office Based

Non-Office Based

Non-Office Based

EHR 1,0 Model

EHR Combo

EHR 1,0 Model

EHR Combo

Coeff

Signif

Coeff

Signif

Coeff

Signif

Coeff

Signif

Intercept

0.079

0.49

-0.558

0.34

0.618

P<0.001

0.329

P<0.001

Any EHR

0.005

0.79

-0.039

0.34
0.053

0.2

Patient summary

-0.007

0.8

Intervention reminder

0.057

0.03

0.026

0.49

Lab reports

-0.018

0.51

-0.037

0.45

E-prescribing

0.174

P<0.001

0.077

0.07

Paper only

0.15

P<0.001

0.031

0.81

EHR only

-0.025

0.41

0.137

0.01

Scan only

-0.023

0.79

-0.021

0.89

Paper + scan

0.016

0.74

0.261

0.01
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EHR + paper

-0.026

0.6

-0.07

0.55

EHR + scan

0.013

0.58

0.057

0.12

1.022

0.08

Solo practice

0.457

P<0.001

Group practice

0.589

P<0.001

0.992

0.09

Private outpatient practice

0.519

P<0.001

1.052

0.07

Community health center practice

0.283

P<0.001

0.23

P<0.001

State hospital

0.007

0.9

0.919

0.08

0.292

0.26

Hospital combo practice

0.046

0.14

Federal hospital

-0.069

0.1

Primary care specialty

0.062

0.06

-0.004

0.91

-0.16

P<0.001

-0.221

P<0.001

Medical specialty

0.046

0.18

-0.017

0.65

-0.457

P<0.001

-0.461

P<0.001

Pediatric specialty

0.303

P<0.001

0.245

P<0.001

-0.224

P<0.001

-0.207

0

Surgical specialty

-0.432

P<0.001

-0.487

P<0.001

-0.699

P<0.001

-0.807

P<0.001

MD

-0.082

0.001

-0.067

0.01

-0.133

P<0.001

-0.109

0.02

Male

0.035

0.08

0.053

0.01

-0.007

0.77

-0.045

0.19

Physician experience

-0.001

0.03

-0.002

0.01

0.001

0.16

0.001

0.39

Maricopa County

0.01

0.65

0.005

0.83

-0.076

0.01

0.001

0.98

Pima County

0.039

0.2

0.047

0.14

-0.061

0.1

-0.023

0.45

0.194

P<0.001

0.164

0.01

Practice size: 2 to 5
Practice size: 6 to 50

0.149

P<0.001

0.238

P<0.001

Practice size: 51 to 94

0.13

0.05

0.248

P<0.001

R-square

0.1091

0.1357

0.1126

0.1903

Sample size

4,641

4,100

3,026

1,626

F: functions

13.53

P<0.001

2.21

0.07

F: records

4.61

P<0.001

2.56

0.02

F: practice type

23.74

P<0.001

1.73

0.16

18.05

P<0.001

12.1

P<0.001

F: specialty type

86.65

P<0.001

6.65

P<0.001

34.53

P<0.001

13.86

P<0.001

76.07

P<0.001

31.76

P<0.001

F: practice size

Notes: F tests (“F:”) at the bottom of the page (probability significance levels) are for the joint significance of, respectively: functional uses of
EHR, types of records used in practice (omitted: EHR+scan+paper), practice type (omitted: all otEHR office based), practice specialization
(omitted: hospitalists), and practice size (omitted: 95+). Inclusion of practice size not only reduced sample size, but these variables were highly
collinear with the otEHR variables in the analysis (VIFs exceeding 1000 with practice sizes). Federal hospital practice was too collinear to be
included in the far right specification.

networks of retail chain pharmacies.

of e-prescribing for OFB and NOFB physicians exemplify
the increases in productivity that are possible when EHR
use is combined with health information exchanges. The
productivity of EHRs can, therefore, be predicted to increase
as the availability of Health Information Exchanges continues
to increase.

Among OFB physicians, paper-only records (19% of physicians)
increase productivity by 15%. None of the combinations of
records significantly contribute to productivity. The use of
paper +scanned records by 3.4% of NOFB physicians increases
productivity by 26.1%. Use of EHR-only increases productivity
Patient visits per hour is not the only component of
by +13.7% for 15.3% of the physicians. More than 60% of OFB
physician
productivity. To consider more comprehensive
physicians and more than 75% of NOFB physicians combine
measures,
we
compared physician’s rankings (on a scale of 1
EHRs with non-electronic records. The combinations do not
(awful) to 5 (outstanding)) of the productivity effects of their
signficantly contribute to productivity.
EHRs, to the combinations of records that they used (Table 3).
The results suggest that the potential benefits of EHRs are
Both NOFB and OFB physicians ranked EHR-only as
limited by the burden of managing multiple types of records. In
contributing
the most to physician productivity and also the
the absence of an interoperable network, EHRs are converted to
best
contributor
to staff productivity among OFB physicians.
paper and faxed or e-mailed as a scanned file, imposing costs
NOFB
physicians
reserve last place for EHR+scan, while OFB
on the sending and receiving organizations. The positive effects
EJBI – Volume 14 (2018), Issue 4
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Table 3: EHR effects on productivity ranked by physicians 2012-2014.

Record Mix

Effect on Physician Productivity

Office Based
EHR only
EHR+paper
EHR+scan
EHR+paper +scan

3.3
2.95
3.28
3.04

Non-Office
Based
3.17
2.73
2.68
2.71

Effect on Staff Productivity

Office Based Non-Office Based
3.37
3.05
3.43
3.17

3.2
2.76
2.74
2.73

Number of Physicians*

Office Based

Non-Office Based

572
155
1,472
1,263

387
63
992
865

Notes: Rankings are 1=awful and 5=outstanding. Mean rank given in each cell. *= number of physicians submitting productivity ratings.

physicians put EHR+paper last.
The primacy of EHR-only ranking is consistent with the
estimates for NOFB physicians but conflicts with the estimates
for OFB physicians. The rankings from both groups of physicians
suggest, however, that productivity increases as the number of
different types of medical records is reduced.

6 Discussion and Conclusion
This study analyzes the effects of mixing EHRs with nonelectronic records on physician productivity.

the types of services provided to patients. It is equally true
that influences on productivity, such as the reliance on nonphysician health professionals, including scribes, could not
be estimated from the data. This study is ,however, the first
to measure the effects of the widespread mixing of electronic
and non electronic medical records and can hopefully signal
the need to pay more attention to the phenomenon in studies
of the effects of electronic health records.
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