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Prescribing of medications for patients occurs fre-
quently in ambulatory facilities. An estimated
66.8% of clinical encounters in this setting result

in a physician prescribing or continuing a medication
for a patient.1 Furthermore, 82.2% of prescription writ-
ing in the ambulatory setting takes place in a physi-
cian’s private office.2 Given the frequency with which
medications are prescribed, it is important to note that
preventable adverse drug events are common in the
ambulatory clinical setting.3

Ambulatory computerized physician order entry 
(A-CPOE), a health information technology (HIT) noted
for its potential ability to reduce medication errors and
improve quality,4-6 is a software application that sup-
ports the ordering of medications, diagnostic tests,
interventions, and referrals by outpatient providers.7

Similar to inpatient systems, A-CPOE systems include
lab test ordering functions. However, electronic drug
prescribing is by far the most common use of A-CPOE
systems.4

Analysis has shown that use of A-CPOE can bring
substantial financial savings to consumers, physicians,
and payers. Potential savings have been estimated to be
as much as $44.2 billion annually in the United States if
such systems were universally adopted.7 Additionally,
stories in the lay press have highlighted the benefits of
A-CPOE systems to patients and health payers.8 As a
result, the national strategic plan for the adoption of HIT
has included A-CPOE, and the Medicare Modernization
Act of 2003 has sought to promote the use of A-CPOE
systems.9

Compared with the growing literature on hospital-
based CPOE systems,10-18 empirical research on the use
of A-CPOE systems is relatively rare and often consists
of case studies. Among the available studies, Schectman
et al found that the use of an A-CPOE system in one aca-
demic ambulatory clinic was strongly associated with
physicians’ attitudes toward the potential benefits of the
system.19 Overhage et al found that after a brief learning
period, little or no ongoing training was required for
physicians using a well-designed A-CPOE system.20 Pizzi
et al found that early adopters of A-CPOE systems were
more likely to be generalists, have fewer years in prac-
tice, and work in technology-equipped offices.21

However, this later study’s generalizability was limited
for a variety of reasons, including a narrow sample of
online users, a very low response rate (3.7%), and the use
of descriptive statistical methods that did not control for
other important factors (eg, practice characteristics,
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market variables). To our knowledge, no study has docu-
mented the organizational factors (eg, practice size,
type, specialty) that relate to the use of A-CPOE in pri-
vate physicians’ offices. Nor has any study examined the
relationship of market-level factors (eg, managed care
penetration, competition) with A-CPOE adoption deci-
sions in the office setting.

The purpose of this paper is to fill those gaps in the
literature. First, we sought to estimate the current
A-CPOE utilization level among physicians in private
practices. In particular, we were interested in the func-
tion of electronic prescription order entry. Second, we
examined the correlation of managed care penetration,
as well as other market, organizational, and individual
factors, with the use of A-CPOE among physicians. As
such, this study makes 2 new contributions to the study
of health information technology (IT). First, it establish-
es a benchmark for A-CPOE adoption that can be used
to measure progress in the diffusion of this technolo-
gy. Second, it comprehensibly evaluates physicians’
A-CPOE utilization levels in the practice context and
competitive market environments. Such information
will allow policymakers and physicians to more effec-
tively target their A-CPOE promotion efforts. 

METHODS

The analyses presented herein used both primary
and secondary data sources. The primary data source
was a comprehensive large-scale survey (n = 14 921) of
physicians’ use of HITs in Florida. Secondary data on
managed care penetration were obtained from the
Florida Agency for Health Care Administration, and
other market data were extracted from the area resource
file (ARF). The following sections describe each of these
data sources, as well as the variables and analytical
approach used in the study. A list of variables and their
sources is in Table 1.

Primary Data
In the spring of 2005, a large-scale survey of physi-

cians practicing in Florida was conducted. The survey,
which was approved by the Florida State University
institutional review board, targeted all primary care
physicians (family doctors, general internists, general
pediatricians, and obstetrician-gynecologists) in the
state. In addition, 25% of the other physicians practicing
in the ambulatory setting (eg, medical and surgical spe-
cialists, general surgeons, dermatologists, psychiatrists)
were randomly selected from the Florida Department of
Health’s list of physicians with clear and active licenses.
The survey included questions regarding types of IT (eg,

e-mail, personal digital assistants [PDAs], electronic
health records) used by physicians in the office setting.
A complete description of the survey methodology,22,23

including an analysis of potential response bias (none
detected),24 was previously published. Briefly, the sur-
vey was developed based on a comprehensive literature
review and refined with the aid of experts’ advice to
establish content and face validity. Before deployment,
the survey instrument was cognitively tested with a
panel of physicians for clarity and readability. This
process resulted in several iterations before the final
version of the questionnaire.

Numerous vendors and system variants exist for
A-CPOE. For example, electronic order entry can occur
via a stand-alone software application on a personal
computer (PC), a handheld device (eg, a PDA), or an
existing electronic health record (EHR) system.4,21,25,26

As mentioned above, the survey asked respondents to
indicate whether or not they used a PC, PDA, and/or
EHR system in the scope of their practice. When
responding in the affirmative to any of these questions,
each respondent was further asked to select from a list
the functions that they used on each of these plat-
forms. For example, those using a PDA were asked to
indicate by a check mark whether they used their PDA
for things such as drug references, medication inter-
actions, electronic order entry (eg, labs, x-rays), elec-
tronic prescriptions, and various other clinical and
administrative functions. In the current study, we
were interested in the A-CPOE functionality regard-
less of system variant (eg, PC, PDA, EHR). In addition,
given the nature of the data, it was feasible for a given
physician to have A-CPOE capabilities via more than 1
such platform. Therefore, the selected outcome vari-
able for the current study was physicians’ self-reported
use of at least 1 of these forms of A-CPOE in their
office practice.

Physician-level independent variables from the survey
were measured as follows. Practice size was categorized
into 4 levels representing the number of physicians at a
given practice location (solo, 2-9, 10-49, or 50+). The
medical-training variable was dichotomized to facilitate
comparison between primary care physicians versus
other specialists. Last, physicians practicing in rural com-
munities were identified by 1 of the following criteria:
1) their office was located in one of Florida’s 33 statuto-
rily designated rural counties, 2) their office was
located in a rural part of a nonrural county as desig-
nated by the Rural Urban Commuting Area codes,27 or
3) their address was in the current Health Resources
and Services Administration list of defined Florida rural
zip codes. Collectively, along with physician demo-
graphic information, these practice characteristics
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allowed for the examination of the factors that may be
related to the use of A-CPOE.

Secondary Data
Using the latest available version (2004) of the ARF,

various market-level indicators were matched, by coun-
ty, to the primary data collected via the physician IT
survey described above. The ARF dataset is compiled by
the Health Resources and Services Administration and
contains county-level information aggregated from
numerous national sources.28 In particular, we were
interested in managed care penetration rates. However,
the current version of the ARF data contained outdated

(1999) information for this variable. As
such, managed care penetration rates for
the first quarter of 2005, for each Florida
county, were obtained from the Florida
Agency for Health Care Administration.
This agency licenses all health insurers and
managed care organizations in the state
and collects this information for statutorily
required reporting purposes. The county-
level managed care penetration rate was
calculated by taking the number of resi-
dents enrolled in an HMO and dividing it by
the total number of residents in that coun-
ty.

Higher managed care penetration rates
have been shown to slow the diffusion of
some medical technologies.29,30 However,
less is known about the relationship
between managed care penetration and use
of HIT among physicians. Theoretically,
use of HIT is consistent with the goals of
managed care; that is, to improve informa-
tion gathering, increase administrative and
clinical efficiencies, and promote clinical
effectiveness. Therefore, a continuously
measured market-level (county) managed
care penetration rate was included in the
analysis. Additionally, a number of the doc-
umented benefits4,6,7 associated with A-
CPOE may make it an attractive
investment for physicians, particularly
when practicing in more competitive envi-
ronments. To control for competition, we
computed the county number of physi-
cians per (1000) capita using the ARF data.
Last, we included several other county-
level measures to control for environmen-
tal factors that may be related to A-CPOE
use. These measures included poverty and
unemployment rates, percentage of the

population that is white/non-Hispanic, percentage of the
population age 65 years or older, and newborns as a per-
centage of the population. 

Statistical Analyses
To analyze the data, standard descriptive statistics

were calculated to examine the data for anomalies and
to ensure that the assumptions of all analyses were met.
To examine the independent relationship of the market-
level and practice-level characteristics to the outcome
variable, a hierarchical logistic regression model was
used. The model utilized the “enter” method for vari-
able inclusion and a 2-block nested approach. The first

Table 1. Descriptive Characteristics of Variables Used and Their
Sources* 

Variable Value Data Source

County-level market characteristics, 
mean (range)

Physicians per (1000) capita 2.53 (.07-7.72) ARF 2004
Poverty rate, % 12.9 (7.4-21.8) ARF 2004
Managed care penetration, % 21.7 (0-46.1) Florida AHCA
White race, % 77.6 (38.7-95.0) ARF 2004
Age ≥65 y, %  16.4 (8-33.0) ARF 2004   
Newborn, %  1.2 (.06-1.8) ARF 2004  
Unemployment rate, % 5.3 (2.6-10.8) ARF 2004   
Geographic location of Practice address†

physician practice     
Urban 3950 (94.2)   
Rural 245 (5.8)   

Practice-level characteristics, 
no. (%)

Practice size Physician IT survey
Solo practice 1228 (30.9)
2-9 physicians 2150 (54.2)
10-49 physicians 385 (9.7)
50 or more physicians 206 (5.2)

Practice type Physician IT survey
Single specialty 2713 (85.6)
Multispecialty 457 (14.4)

Primary care Physician IT survey
No 1995 (48.2)
Yes 2141 (51.8)

Physician age Physician IT survey
<40 y 485 (16.0)
41-50 y 1130 (37.3)
51-60 y 930 (30.7)
≥61 y 486 (16.0)    

Physician sex   Physician IT survey
Male 2479 (75.9)    
Female 786 (24.1)

*Sample size varies slightly by question. Numbers may not add up to 100% due to rounding.
†Practice addresses were obtained from the Florida Department of Health list of licensed
physicians.
ARF indicates area resource file; Florida AHCA, Agency for Health Care Administration in
Florida; IT, information technology.



block represented county-level characteristics such as
percent managed care penetration, poverty rate, physi-
cians per capita, geographic location (rural vs urban),
and other county-level demographic information (see
Table 1). The second block represented practice-level
characteristics including physician age and sex as well
as practice scope (primary care or specialty practice),
size, and type (single specialty vs multispecialty). This
method was selected because physician-level and prac-
tice-level characteristics are likely influenced by local
market forces. As such, controlling for these factors in a
nested model was warranted. It should be noted that the
current statistical approach had a cross-sectional design
that cannot assess causality. Therefore, the results
should be interpreted as associations. All analyses were
conducted with SPSS version 13.0 (SPSS Inc, Chicago,
Ill), and significance was assessed at the P < .05 level.

RESULTS

Overall, 4203 physicians completed the survey and
could be matched to the ARF data, representing a 28.2%
response rate. Demographic and practice characteris-
tics, along with descriptive information on the ARF vari-
ables used, appear in Table 1. Respondents’ demographics
were consistent with known physician demographic
patterns in Florida.31 Briefly, the average age of physi-
cians was 50.6 years with a range of 30 to 86 years. The
majority of respondents were Caucasian (68.4%) and
male (75.9%), and worked in a single-specialty practice
(85.6%).

In descriptive analysis, the presence of an academic
medical center did not correlate with being in a high or
low HMO penetration area (χ2 = .622, P = .430). How-
ever, those in rural areas (χ2 = 158.4, P < .001) and
those in central Florida (χ2 = 903.7, P < .001) were
more likely to be in low HMO penetration areas.
Alternatively, those in the southern part of the state
were more likely to be in high HMO penetration areas
(χ2 = 903.7, P < .001).

A total of 1360 physicians (32.4%) indicated they
used an A-CPOE function in their office practice. When
all variables in the hierarchical model were controlled
for, 4 factors had a significant independent relationship
with the use of an A-CPOE system among physicians (see
Table 2). Among the county-level variables examined,
only the managed care penetration variable was signifi-
cantly and negatively correlated with A-CPOE availabili-
ty. Specifically, 1% more managed care penetration was
associated with 2.1% less use of A-CPOE (P = .003).

Four practice-level characteristics were related to
A-CPOE adoption as well. For example, compared with

physicians in solo practice, those in groups of 10 to 49
physicians (odds ratio [OR] = 2.78, P < .001) or 50+
physicians (OR = 7.36, P < .001) were significantly more
likely to indicate using A-CPOE. Moreover, those physi-
cians practicing in primary care (OR = 1.43, P = .001)
or in a multispecialty practice (OR = 1.43, P = .013)
were more likely to use an A-CPOE system. Physician
sex did not seem to have an effect; however, age was
negatively related to A-CPOE use. Specifically, a 1-year
increase in age was associated with a 2.5% decrease
in the frequency of physicians reporting A-CPOE use
(P < .001).

DISCUSSION 

The literature about CPOE usage in hospitals is
extensive10-18 and growing rapidly. However, less is
known about the use of CPOE in ambulatory settings.
Taking into consideration the unique nature of ambula-
tory medical practice and the importance of A-CPOE in
ensuring medication safety, the present study examined
the overall utilization rate of A-CPOE and the factors
that are related to the adoption of this technology in the
outpatient setting.

Overall, in mid-2005, about one third of physicians
responding to the Florida survey indicated using an
A-CPOE function in their office practice. This level is
markedly higher than the estimated 2% of all prescrip-
tions written in 1999 that were done electronically32 and
the reported 19% of physicians that used an A-CPOE
system in 2003.21 The rate for A-CPOE usage among
respondents is also higher than recent data on CPOE
usage (approximately 10%) in the inpatient setting.33

Given the more visible pressures from hospital stake-
holders (eg, the Leapfrog group) to adopt CPOE, the
motivation for A-CPOE may not be as strong. However,
the difference in adoption rates between the inpatient
and outpatient settings may reflect the less complex, and
less costly, installations associated with the ambulatory
setting.34,35 Also, at this point, it is unclear what role
the e-prescribing adoption incentives from the Medicare
Modernization Act of 2003 have on A-CPOE systems.

With respect to adoption factors, our findings suggest
that managed care penetration in a community appears
to be negatively related to the use of A-CPOE among
physicians. This trend is consistent with previous
research that identified a negative relationship between
managed care penetration rates and the use of magnet-
ic resonance imaging and other “high tech” services.29,30

With respect to A-CPOE, there may be several explana-
tions for this finding. First, managed care penetration
may be associated with decreased financial flexibility
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among physicians.36-39 The lower level of resource avail-
ability may arise from systematically lower reimburse-
ments, more time pressures, and/or potentially higher
overhead that is needed to contract with managed
care organizations. As a result, less capital may be
available to physicians and their practices to invest in
A-CPOE systems and other HITs. 

Several administrative practices commonly promot-
ed by HMOs are more easily executed with the use of IT.
For example, IT enables data gathering and manage-
ment for activities such as physician profiling, identify-

ing patients with chronic diseases, engag-
ing in quality improvement, establishing
benchmarks of excellence, and estimat-
ing both case mix and expected resource
utilization. Ironically, if the negative rela-
tionship we identify is causal, managed
care organizations may be inadvertently
slowing the adoption of A-CPOE, whose
benefits (eg, preventing duplicate orders
and medication errors) primarily accrue
to the payer.4-7 Traditionally, HMOs are
cost conscious and do not spend
resources on initiatives that do not have
a demonstrated return on investment
that is superior to other alternatives.
Perhaps more evidence of a direct return
on investment will be necessary before
managed care organizations actively
incentivize the adoption of A-CPOE
among independent physicians working
in their networks. 

Previous research suggests that medi-
cal practices owned by HMOs were 3
times more likely to use EHR systems
than self-owned or group-owned prac-
tices.40 Moreover, HMO clinics in areas
with higher HMO penetration were more
likely to use various ITs.41 These trends
suggest that HMOs recognize several
benefits from the use of IT in their own
in-house, clinical operations. If all physi-
cians adopted A-CPOE, 1 apparent ben-
efit to managed care organizations would
include an improved ability to manage
and enforce compliance with their for-
mularies. Future research should exam-
ine how the adoption of A-CPOE and
other IT by physicians can specifically
benefit managed care organizations.

It should be noted, however, that
managed care organizations may have a
financial interest to negatively influence
the adoption of HIT among physicians

with whom they contract. As physicians increasingly
use HIT to manage their administrative and clinical
duties, electronic access to practice-level data may
make them better equipped to negotiate contractual
arrangements with HMOs and other third-party payers.
Medical practice managers also may be more effective
at managing their claims, thus reducing their accounts
receivable and denied charges. Presumably, these
features would cost the insurer more money. Last,
managed care arrangements of differing types (eg,
capitation, discount fee for service) may have dif-

Table 2. Adoption of Computerized Physician Order Entry by
Florida Physicians in the Ambulatory Setting (n = 4203)* 

Use of A-CPOE

Variable    Percentage Odds Ratio

County-level market characteristics 

Physicians per (1000) capita† .996  

Poverty rate† .986  

Managed care penetration rate† .979‡

% White race  .972  

% Age ≥65 y   1.06  

% Newborn .419

Unemployment rate .944

Geographic location of physician practice
Urban 32.6 1.00
Rural 29.0 .876

Practice-level characteristics
Practice size

Solo practice 21.6 1.00
2-9 physicians 30.3 1.14
10-49 physicians 54.8 2.78‡

50 or more physicians 74.3 7.36‡

Practice type
Single specialty 25.4 1.00
Multispecialty 47.7 1.43‡

Primary care§

No 29.1 1.00
Yes 35.4 1.40‡

Physician age† .975‡

Physician sex 
Male 31.9 1.00
Female 33.8 .900

*Sample size varies slightly by question. Hierarchical logistic regression was used to compute
the adjusted odds ratios, controlling for all market-level and practice-level characteristics listed
in the table.
†Measured on a continuous scale.
‡P < .01.
§Primary care includes family physicians, general internists, general pediatricians, and general
practitioners.
A-CPOE indicates ambulatory computerized physician order entry.



fering financial incentives regarding physician use
of HIT.

Other factors in the current study that were found to
be linked to A-CPOE availability among physicians were
practice size, practice type, primary care practice, and
physician age. Specifically, larger practices or those with
multiple specialties were significantly more likely to
indicate the use of A-CPOE. These findings echo the
conclusions of similar work that examined EHR sys-
tems,22,42,43 and are likely related to the additional finan-
cial and human resources available in larger group
practices. The greater use of A-CPOE among primary
care physicians also seems to confirm previous work.21

Primary care physicians prescribe more drugs per
patient and see more patients per day than specialists.
As a result, they may have a greater need for, and can
benefit more from, A-CPOE systems to increase practice
throughput and charge capture.

Notwithstanding the contribution of the current
study, several limitations are worth mentioning. For
example, our dependent variable did not inherently
measure the frequency of use or the cost of A-CPOE
systems among respondents. Instead, it captured
information about whether or not a physician had
reportedly adopted an A-CPOE system. Moreover, we
measured managed care market penetration at the
county level, not as a percentage of a given physician’s
patient base that is covered by an HMO. Although
both approaches provided important information, the
latter approach is more suited for clinician-level con-
clusions. Furthermore, given the limitation of county-
level information, it is possible that dense urban
counties have poorer granularity than less dense rural
areas. Granularity, in this case, refers to the level of
detail necessary to distinguish differences if they exist.
If so, this may influence the results we present.
Additionally, given the nature of the survey method
used, response bias is always possible, although none
was detected in a formal assessment24 using established
methodologies.44-46 Last, our cross-sectional correlation
study utilized data from 1 state, at a single point in
time, and may have been limited by missing variables
not included in our models. As such, generalizability to
other locations and causality should be inferred with
caution.

In conclusion, market-level managed care penetra-
tion and other physician factors seem to be correlated
with the diffusion of an important HIT that can improve
the safety and quality of care. Knowing the factors that
influence A-CPOE utilization by physicians and their
practices will allow policymakers, researchers, payers,
and other stakeholders to understand the barriers and
facilitators that influence the adoption of A-CPOE
technology.
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