MANAGERIAL

Electronic Medical Records and Efficiency and
Productivity During Office Visits

Objective: To estimate the relationship between
electronic medical record (EMR) use and effi-
ciency of utilization and provider productivity
during visits to US office-based physicians.

Study Design: Cross-sectional analysis of the
2006-2007 National Ambulatory Medical Care
Survey.

Methods: The sample included 62,710 patient
visits to 2625 physicians. EMR systems included
demographics, clinical notes, prescription orders,
and laboratory and imaging results. Efficiency
was measured as utilization of examinations,
laboratory tests, radiology procedures, health
education, nonmedication treatments, and
medications. Productivity was measured as total
services provided per 20-minute period. Survey-
weighted regressions estimated association of
EMR use with services provided, visit intensity/
duration, and productivity. Marginal effects were
estimated by averaging across all visits and by
major reason for visit.

Results: EMR use was associated with higher
probability of any examination (7.7%, 95% confi-
dence interval [CI] = 2.4%, 13.1%); any labora-
tory test (5.7%, 95% Cl = 2.6%, 8.8%); any health
education (4.9%, 95% Cl = 0.2%, 9.6%); and fewer
laboratory tests (-7.1%, 95% Cl = -14.2%, —0.1%).
During pre/post surgery visits, EMR use was
associated with 7.3% (95% Cl= -12.9%, —1.8%)
fewer radiology procedures. EMR use was not
associated with utilization of nonmedication treat-
ments and medications, or visit duration. During
routine visits for a chronic problem, EMR use was
associated with 11.2% (95% Cl = 5.7%, 16.8%)
more diagnostic/screening services provided per
20-minute period.
Conclusions: EMR use had a mixed association
with efficiency and productivity during office
visits. EMRs may improve provider productivity,
especially during visits for a new problem and
routine chronic care.

(Am J Manag Care. 2011,17(4):296-303)
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ealth information technology is widely believed to enhance

quality of care and patient safety and to lower costs and

improve efficiency.? Despite these potential benefits, adop-
tion of electronic medical records (EMRs) by US physicians in office
settings has been slow.** Uncertain financial return and loss in pro-
ductivity are often cited as barriers to adoption.>® Nonetheless, sur-
veys report that physicians perceive that EMR use can improve work
flow, the quality of clinical decisions, and the delivery of preventive
care.>’

Empirical studies demonstrating the impact of EMR systems on
the efficiency and quality of care in ambulatory settings have been
limited.®” Most prior work has focused on the relationships between
specific EMR functions and medication safety® and quality of care.”!°
In contrast, relatively few studies have examined the association of
EMR with efficiency ofsutilization and-provider productivity.>®” The
economic benefits-of integrated EMR functionality from commercial
systems used in community settings remains uncertain.!!

This study examined the association between EMR use and ef-
ficiency and productivity during office ‘visits using a large-scale, na-
tionally representative data set. The findings from this study provide
important evidence of the value of health information technology in

ambulatory care.

BACKGROUND

Electronic Medical Record Use and Efficiency of Utilization

In theory, EMR use has the potential to improve efficiency of utiliza-
tion. An EMR system may include clinical notes, problem/medication lists,
and test results. These functions can provide information about chronic
conditions and prior utilization, which might reduce redundant and in-
appropriate diagnostic/screening services and medications. Comput-
er-generated care suggestions and automated reminders could improve
adherence to evidence-based guidelines and might increase provision of
some services. Thus, in theory, EMR might increase or decrease utiliza-
tion of services depending on the
EMR functionality and the reason
for visit. In this article
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Prior studies of the associa-
tion of EMR use with the effi-
ciency of utilization have been

limited.®"'>!> Some evidence sug-
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gests that EMR use can improve care for
chronic illness and preventive care.
However, 3 large-scale studies found
little relationship between EMR use and
quality of care in ambulatory settings.
Whether and to what extent that EMR
use is associated with the level of utiliza-

tion during visits remains uncertain.

1419 Take-Away Points

Electronic medical record (EMR) use had a mixed association with efficiency and produc-
tivity during office visits, and the relationships varied by type of service and by the major
reason for the visit.

20-22 B EMR users had higher intensity and productivity of diagnostic/screening services, es-
pecially during visits for a new problem and routine visits for a chronic problem.

B Use of EMRs may alter the content of office visits and improve a provider’s productiv-
ity, which might lead to cost savings and quality improvements.

B Contrary to expectation, EMR use had no association with efficiency or productivity

during visits for preventive care.

Electronic Medical Record Use
and Provider Productivity

An EMR system can automate manual tasks, streamline
documentation, and improve access to information. These
EMR functions can support clinical decision making and
might reduce physician time, at least in theory.! Improve-
ments in productivity could allow physicians to see more pa-
tients per day or to provide more services to the same patient
during each visit.

Evidence of the impact of EMR use on provider time ef-
ficiency is mixed,” and few studies have examined the rela-
tionship between EMR use and visit duration in ambulatory
settings.”*?> Prior studies of the association of EMR use with
provider productivity have also been limited, and study de-
signs have varied in their unit of analysis.?**> Whether and to
what extent that EMR use is associated with visit intensity,

duration, and productivity per visit remains an open question.

METHODS

Data Source

The study used data from the public use version of the Na-
tional Ambulatory Medical Care Survey (NAMCS) from 2006
and 2007. Conducted by the National Center for Health Sta-
tistics of the Centers for Disease Control and Prevention, the
NAMCS is a survey of visits to US nonfederal office-based phy-
sicians. The multistage probability design is based on a random
sample of physicians stratified by geographic area and specialty.
Patient visits during a randomly selected week were sampled for
each participating physician. Patient characteristics, reason for
visit, and utilization of medical services were reported on indi-
vidual patient record forms. Information about the physician
and their practice, including EMR use, were captured during a
separate intake survey. The NAMCS included weights for vis-
its and physicians that allowed for the generation of nationally
representative estimates. The 2006 and 2007 surveys collected
information on 62,170 visits to 2625 physician respondents,
and the full sample was included in the analysis.

Electronic Medical Record Use
The main variable of interest is whether the physician’s

practice used an EMR system. The NAMCS asked “Does this
practice use electronic medical records (not including billing
records)?” The survey also asked whether the practice’s EMR
system or another computerized system included any of 13
specific EMR functions (Table 1). Nonresponse and survey
responses of “turned off” and “unknown” were included as not
having the EMR system or function. Based on definitions de-
veloped by a consensus panel,*** EMR use in this study was
defined as a Basic or Fully Functional EMR system with at

least the minimum set of functions.

Efficiency of Utilization and Provider Productivity
The NAMCS collected details on the number and type
of medical services ordered or provided during each visit.
The NAMCS allowed physicians to report 2 additional
diagnostic/screening services, which were classified by In-
ternational Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) procedure code. These services
were included in laboratory tests if the ICD-9-CM code
started with 90 or 91 and in radiology procedures if the
ICD-9-CM code started with 87, 88, or 92. Measures of effi-
ciency of utilization and provider productivity during office

11,37,38

visits were specified based on prior literature and are

reported in Table 2.

Major Reason for Visit

The NAMCS captured information about the patient’s
major reason for visit, and each visit was classified into 1 of 5
visit types. “New problem” included visits for conditions that
occurred within 3 months of the visit. “Routine visit for a
chronic problem” included visits to receive care or examina-
tion for a preexisting chronic condition, illness, or injury that
occurred more than 3 months prior to the visit. “Preventive
care” included visits for general medical examinations and
routine periodic examinations. “Flare-up of a chronic prob-
lem” included visits primarily due to sudden exacerbation of
a preexisting chronic condition. “Pre/post surgery” included
visits scheduled primarily for care required prior to or follow-

ing surgery.

VOL. 17, NO. 4

m THE AMERICAN JOURNAL OF MANAGED CARE =

297



MANAGERIAL

H Table 1. Electronic Medical Record Use by US Office-Based Physicians, 2006-20072

EMR Use

RESULTS

Descriptive

Basic or Fully

Any EMR Functional EMR® statistics

Practice uses EMR system, % 325 10.9 for patient, physician, and
Functions included in EMR system,® % practice characteristics are
o ) reported in eAppendix A.
Minimum set of functions o L
_ o _ Descriptive statistics for
Patient demographic information 90.2 100.0 efficiency of utilization
Clinical notes 78.4 100.0 and provider productivity
Computerized orders for prescriptions 66.1 100.0 during office visits are pre-
Laboratory results 69.3 100.0 sented in eAppendix B at
Imaging results 576 100.0 WWW.ajmc.com.
Advanced EMR functions i )
Medical hi ol Electronic Medical
edical history and follow-up notes 65.4 94.2 Record Use in
Computerized orders for tests 56.6 85.2 Physician Offices
Out-of-range levels highlighted 477 83.1 Table 1 presents na-
Warnings of drug interactions and contraindications provided 44.8 78.2 tionally representative es-
Reminders for guideline-based interventions and/or screening tests 48.9 74.0 timates of physician use
Prescriptions sent electronically to pharmacy 374 68.6 of EMR systems and spe-
Test orders sent electronically 33.7 65.2 ciic. EMR functions. In
o 2006-2007, 32.5% of US
Electronic images returned 28.5 62.2 o
office-based physicians re-
No. of functions in EMR system 7.25 1.1 ported the use of any EMR
No. of EMR users 2333 292 system in their practice.
Population of physicians (EMR users) 553,557 67,884 On average, EMR systems

EMR indicates electronic medical record.
2Estimates were weighted to be nationally representative.

bBasic or Fully Functional EMR system includes at least the minimum set of functions.

®Conditional on some EMR use.

Analysis

A cross-sectional analysis of pooled survey data was con-
ducted. Two-part models of medical care utilization were
specified to analyze the association of EMR use with effi-
ciency of utilization.” This allowed separate analyses of the
relationship of EMR use with the probability of any use and
the number of services provided, conditional on some utili-
zation. All productivity measures had a highly skewed dis-
tribution and were log-transformed to approximate a normal
distribution. Analyses were conducted by averaging across
all visits and by major reason for visit.

Estimation was performed using Stata 10.1 software that
accounted for the complex survey design. Survey-weighted
probit, Poisson, and ordinary least squares regressions includ-
ed patient, physician, and practice characteristics reported
in eAppendix A at www.ajmc.com. Marginal effects from
probit/ordinary least squares regressions and semielasticities
from Poisson regressions were calculated, and results can be
interpreted as the percent change in the dependent variable
associated with EMR use.

included 7.25 out of 13
functions. Conditional on
some EMR use, patient
demographic information
(90.2%) and clinical notes (78.4%) were the most commonly
used EMR functions. Test orders sent electronically (33.7%)
and electronic images returned (28.5%) were the least com-
monly used.

Although one-third of physicians used any EMR, only
10.9% of US office-based physicians reported the use of a
Basic or Fully Functional EMR system, which included the
minimum set of functions. On average, Basic/Fully Functional
EMR systems included 11.11 out of 13 functions, with 94.2%
having medical history and follow-up notes and 85.2% having
computerized orders for tests.

Table 3 presents regression results of physician and practice
characteristics associated with EMR use. Specialty, geographic
region, practice size, ownership, and electronic billing/claims
submission were significant predictors of EMR use. Relative to
general/family practice, physicians in psychiatry (=7.7%) and
pediatrics (-4.2%) had a lower probability of EMR use. Rela-
tive to the Midwest region, practices in the Northeast region
were 4.7% less likely to use an EMR system. Solo practitioners
had a 5.6% lower probability of EMR use than physicians in
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M Table 2. Measures of Efficiency and Productivity During Physician Office Visits

Measure Definition
Efficiency of utilization
Diagnostic/screening services

Examinations

Examinations, laboratory tests, and radiology procedures

Blood pressure taken, breast exam, pelvic exam, rectal exam, skin exam,

depression screening

Laboratory tests

Complete blood count, electrolytes, glucose, glycosylated hemoglobin, lipids/

cholesterol, prostate-specific antigen, other blood test, Papanicolaou test

Radiology procedures

Bone mineral density, mammography, MRI/CT/PET, ultrasound, X-ray, other

imaging, and sigmoidoscopy/colonoscopy

Interventions/medications

Health education

Health education, nonmedication treatments, and medications

Asthma education, diet/nutrition, exercise, growth/development, injury pre-

vention, stress management, tobacco use/exposure, weight reduction, other
health education

Nonmedication treatments

Complementary alternative medicine, durable medical equipment, home

healthcare, hospice care, physical therapy, radiation therapy, speech/occu-
pational therapy, psychotherapy, other mental health counseling, excision of
tissue, orthopedic care, wound care, other nonsurgical/surgical procedures

Medications
Provider productivity
Visit intensity

Total services provided per visit

Up to 8 medications prescribed

Aggregate number of services provided per visit, in total and separately for

diagnostic/screening services and interventions/medications

Visit duration
Time spent with provider
Visit productivity

Total services provided per 20 minutes

Time spent with a provider in minutes during each visit

Number of services provided per 20-minute time period, in total and separate-

ly for diagnostic/screening services and interventions/medications

CT indicates computed tomography; MRI, magnetic resonance imaging; PET, positron-emission tomography.

partnerships/group practices. Relative to practices owned by
a physician/physician group, practices owned by an HMO
and practices owned by a corporation/other were 43.8% and
12.2% more likely, respectively, to use EMRs. Practices with
electronic billing/claims submission had a 5.4% higher prob-
ability of EMR use. Metropolitan status, the number of man-
aged care contracts, and percentage of revenue from managed
care had no significant association with EMR use.

Patients of EMR users differed from nonusers in some char-
acteristics (eAppendix A). Patient age, race, chronic condi-
tions, and insurance status were different for physicians with
EMR use. Patients of EMR users were less likely to be children
(aged 17 years and under) and to have Medicaid or self-pay
insurance, but were more likely to be aged 18 to 44 years, to be
other race, and to have hyperlipidemia, diabetes, and private

insurance.

Electronic Medical Record Use and Efficiency
of Utilization

Table 4 presents regression results of the association of

EMR use with efficiency of utilization during office visits. Use

of EMRs had a strong relationship to any use of diagnostic/
screening services. On average, EMR users had a higher prob-
ability of providing any examination (+7.7%) and any labora-
tory test (+5.7%), especially during routine visits for a chronic
problem and visits for a new problem.

Use of EMRs was associated with fewer laboratory tests
and radiology procedures conditional on some utilization.
Electronic medical record users provided 7.1% fewer labora-
tory tests on average across all visits. During visits for pre/post
surgery, EMR use was associated with 7.3% fewer radiology
procedures (eAppendix C at www.ajmc.com).

Electronic medical record use had very little association
with interventions/medications provided during visits. On av-
erage, EMR use was associated with a 4.9% higher probability
of any health education. However, no association was found
between EMR use and the number of health education inter-
ventions provided. Furthermore, EMR use had no significant
relationships with utilization of nonmedication treatments or
medications.

Overall, EMR use had a mixed association with utilization,
and the relationships varied by type of service and by major
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H Table 3. Physician and Practice Characteristics
Associated With Electronic Medical Record Use?

Probability of

Characteristic EMR Use
Year 2007 0.006
Specialty

Internal medicine -0.010
Pediatrics -0.042°
Obstetrics/gynecology 0.008
Psychiatry -0.077¢°
Other 0.004
Surgical -0.008
No. of managed care contracts
1-2 -0.005
3-10 0.021
M+ 0.043
Revenue from managed care
26%-50% 0.009
51%-75% 0.053
76%-100% 0.005
Region
Northeast -0.047°
South -0.012
West 0.030
Non-metropolitan statistical area -0.013
Solo practitioner -0.056°
Ownership
HMO 0.438°
Hospital or academic medical center 0.028
Corporation or other 0.122°
Electronic billing/claims submission 0.054¢
Pseudo R? 0.139
No. 2625

EMR indicates electronic medical record.
2Marginal effects (%) were from survey-weighted regression adjusted
for physician and practice characteristics reported in eAppendix A.
b
P <.001.
°P <.01.

reason for visit. Surprisingly, EMR use had little to no associa-
tion with utilization during visits for preventive care, flare-up

of a chronic problem, or pre/post surgery.

Electronic Medical Record Use and
Provider Productivity

Table 5 presents regression results of the association of

EMR use with provider productivity during office visits. Elec-

tronic medical record use had a strong relationship with visit
intensity during routine visits for a chronic problem. During
these visits, EMR users provided 11.2% more total services
and 15.3% more diagnostic/screening services per visit.

Electronic medical record use was associated with higher
intensity of diagnostic/screening services per visit. Electronic
medical record users provided 8.7% more total diagnostic/
screening services on average and 12.3% more during visits
for a new problem.

No significant association was found between EMR use
and the time spent with a provider, on average or by major
reason for visit.

Electronic medical record use was also associated with
greater productivity during a visit. On average, EMR users
provided 7.5% more total services and 9.9% more diagnostic/
screening services per 20-minute period. The relationship be-
tween EMR use and productivity was strongest during visits
for a new problem and routine visits for a chronic problem.
During these visits, EMR users provided 9.2% more total ser-
vices and 11.2% to 12.7% more diagnostic/screening services
per 20-minute period.

Opverall, EMR use had some association with higher pro-
vider productivity that varied by the type of service and by
major reason for visit. However, EMR use had no relationship
with visit duration; the productivity of interventions/medica-
tions provided per visit; nor during visits for preventive care,

pre/post surgery, and flare-up of a chronic problem.

DISCUSSION

Electronic medical record use had mixed associations with
efficiency of utilization and provider productivity during visits
to US office-based physicians. Importantly, the relationships
between EMR and utilization differed by type of service and
by major reason for visit. Electronic medical record use had a
strong relationship with diagnostic/screening services during
visits for a new problem and chronic care. However, EMR use
had little to no association with interventions/medications
during visits for pre/post surgery and preventive care.

Electronic medical record use was associated with higher use
of any examination, any laboratory test, and any health educa-
tion, and with lower utilization of laboratory tests and radiol-
ogy procedures during some visits. These findings are consistent
with studies that found that EMR increased the provision of
specific laboratory tests'® and counseling.!” However, other
studies have not found conclusive evidence that EMR reduced
the number of laboratory tests and radiology procedures.!?

Electronic medical record use was also associated with
higher visit intensity and productivity, especially during rou-

tine visits for a chronic problem and visits for a new problem.
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Case studies at single institu-
tions have found that revenue
per visit increased by 9.8% to
13.7% after EMR implemen-
tation.”** Other studies have
found relationships between
EMR and higher relative val-
ue units per month.>>%

The lack of a relationship
during visits for preventive
care was surprising but consis-
tent with the literature. Prior
research on computer-gener-
ated reminders for preventive
care has shown modest effec-
tiveness,'> and national studies
using NAMCS have shown
little relationship between
EMR use and provision of
specific quality indicators.?>*

These
could reflect the unintended

unexpected  findings

consequences of poor imple-
mentation, ineffective train-
ing, or resistance to change.*
They could also be due to het-
erogeneity in the usability and
maturity of EMR functions,

which lacked certification dur-

EMRs and Efficiency and Productivity

H Table 4. Association of Electronic Medical Record Use With Efficiency of Utiliza-

tion During Office Visits®

Type of Utilization
Diagnostic/screening services
Examinations
Any examination
No. of examinations
Laboratory tests
Any laboratory test
No. of laboratory tests
Radiology procedures
Any radiology procedure
No. of radiology procedures
Interventions/medications
Health education
Any health education
No. of health education
Nonmedication treatments
Any treatment
No. of treatments
Medications
Any medication
No. of medications
No.

Major Reason for Visit

All New Routine Visit for Preventive
Visits Problem Chronic Problem Care
0.077° 0.083¢ 0.1164 -0.030
-0.018 0.004 0.028 -0.074
0.057¢ 0.052° 0.088¢ 0.040
-0.071¢ -0.06 -0.046 -0.087
0.010 0.032 0.014 -0.024
0.009 -0.003 -0.024 0.068
0.049¢ 0.046 0.057 0.046
0.011 -0.022 0.051 -0.011
-0.001 -0.002 -0.002 0.003
0.008 -0.004 0.044 -0.059
0.010 0.018 0.016 0.018
0.024 -0.004 0.056 0.020
62,170 20,343 21,332 10,994

ing this time frame.* Another
explanation related to the

level of utilization during visits
bp <.001.

°pP <.01.

4p <.05.

is that preventive services, par-
ticularly health education, may
be provided during visits for
chronic problems, rather than during general examinations.*

The lack of a relationship with use of medications might
suggest that EMR has a stronger impact on the choice of pre-
ferred brands and generics® than on the decision to alter the
number of medications prescribed.

Implications for Policy and Practice

Several findings have important implications for policy
and practice. First, EMR use was associated with variation in
the content of office visits. The content of visits is important
because of time pressures on physicians* and the underpro-
vision of preventive care.** Greater provision of any diag-
nostic/screening services suggests that EMR might facilitate
the tailoring of specific services to each patient, which could

improve quality of care.

EMR indicates electronic medical record.

2Marginal effects (%) of EMR use from survey-weighted regressions adjusted for patient, physician, and
practice characteristics reported in eAppendix A. Results for visit types “flare-up of chronic problem” and
“pre/post surgery” are reported in eAppendix C.

Second, EMR use was associated with reductions in labora-
tory tests and radiology procedures. To the extent that lower
utilization reflects avoidance of redundant or inappropriate
services, fewer laboratory tests and radiology procedures might
result in net cost savings. While cost savings might improve
physician return on investment under capitation,''*" these
benefits are more likely to accrue to payers than to physicians.

Finally, EMR might improve the productivity of provider
time during visits. Practices using EMR provided more total
services without a significant increase in the duration of the
office visit. This suggests that EMR use may allow physicians
and their staff to provide more services during a fixed length
of visit, which may be constrained by a daily schedule. Elec-
tronic medical record use might free up time to provide more

direct patient care, particularly time-intensive activities such
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H Table 5. Association of Electronic Medical Record Use With Provider Productivity During Office Visits®

Type of Utilization
Visit intensity
Total services provided per visit
Diagnostic/screening services provided per visit
Interventions/medications provided per visit
Visit duration
Time spent with provider (minutes)
Visit productivity
Total services provided per 20-minute period
Diagnostic/screening services provided per 20-minute period
Interventions/medications provided per 20-minute period
No.

EMR indicates electronic medical record.

Major Reason for Visit

All New Routine Visit for  Preventive
Visits Problem Chronic Problem Care
0.051 0.039 0.112b -0.015
0.087° 0.123> 0.153% -0.048
0.046 0.031 0.088 0.031
0.038 0.016 0.060 0.023
0.075°¢ 0.092¢ 0.093 0.037
0.099¢ 0.127¢ 0.1124 0.031
0.043 0.060 0.050 0.059
62,170 20,343 21,332 10,994

2Marginal effects (%) of EMR use from survey-weighted regressions adjusted for patient, physician, and practice characteristics reported in eAp-
Eendix A. Results for visit types “flare-up of chronic problem” and “pre/post surgery” reported in eAppendix C.

P <.001.
°P <.01.
dp < 05.

as examinations and health education, or it might improve
coordination within the office practice.

Limitations

The study had some limitations. First, a causal relation-
ship between EMR use and efficiency/productivity could
not be inferred. The cross-sectional analysis examined the
association between EMR use and utilization at 2 points in
time. Since the NAMCS lacked a longitudinal design, it was
not possible to examine EMR implementation in relation to
changes in the dependent variables over time.

Second, omitted variables and selection bias may confound
the results. While the regressions controlled for many patient,
physician, and practice characteristics, EMR users and their
patients might differ in characteristics and context that could
not be observed in the data. Greater EMR adoption and use
has been associated with organizational characteristics,**

051 quality

care management processes and practice systems,
improvement,” and financial incentives.”> Their presence
may influence utilization apart from the effects of technol-
ogy, and the estimates may be biased from these confounding
factors.

Third, self-reported survey data have inherent limitations,
and the NAMCS may have overestimated visit duration
and underreported the provision of health education.* The
NAMCS also lacked information to determine the status of
EMR implementation, software maturity and system integra-
tion, the extent of organizational change and work flow rede-

sign, and user acceptance and actual usage.

Finally, the study did not consider related questions of im-
portance. First, the study did not consider the appropriateness of
services provided, nor did it quantify cost savings associated with
reductions in utilization. Second, the study was unable to exam-
ine the impact of EMR on ancillary staffing and whether associ-
ated costs and benefits yielded a positive return on investment.!!
Finally, the study did not examine whether EMR was associated
with improvements in patient health outcomes, patient safety
and reduction in preventable errors, or physician and patient

satisfaction. These are important subjects for further research.
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