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Summary

Objective: Efforts to promote adoption of electronic health records (EHRs) have focused on pri-
mary care physicians, who are now expected to exchange data electronically with other providers,
including specialists. However, the variation of EHR adoption among specialists is underexplored.
Methods: We conducted a retrospective cross-sectional study to determine the association be-
tween physician specialty and the prevalence of EHR adoption, and a retrospective serial cross-sec-
tional study to determine the association of physician specialty and the rate of EHR adoption over
time. We used the 2005—-2009 National Ambulatory Medical Care Survey. We considered fourteen
specialties, and four definitions of EHR adoption (any EHR, basic EHR, full EHR, and a novel defini-
tion of EHR sophistication). We used multivariable logistic regression, and adjusted for several co-
variates (geography, practice characteristics, revenue characteristics, physician degree).

Results: Physician specialty was significantly associated with EHR adoption, regardless of the EHR
definition, after adjusting for covariates. Psychiatrists, dermatologists, pediatricians, ophthalmol-
ogists, and general surgeons were significantly less likely to adopt EHRs, compared to the reference
group of family medicine / general practitioners. After adjustment for covariates, these specialties
were 44 — 94% less likely to adopt EHRs than the reference group. EHR adoption increased in all
specialties, by approximately 40% per year. The rate of EHR adoption over time did not significantly
vary by specialty.

Conclusions: Although EHR adoption is increasing in all specialties, adoption varies widely by
specialty. In order to insure each individual’s network of providers can electronically share data,
widespread adoption of EHRs is needed across all specialties.
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1. Background

The United States (U.S.) federal government has committed more than $20 billion to encourage
physicians to adopt electronic health records (EHRs) [8]. Driving these incentives is the expectation
that large scale appropriate use of EHRs will facilitate coordination of care, improve health care
quality, and lower national health care costs [5, 9]. To receive incentive payments, physicians must
purchase and install a certified EHR, then demonstrate “meaningful use” by meeting specific crite-
ria. Example criteria include use of software to reduce medical errors (i.e. electronic prescribing),
collection of data relevant for clinical quality measurement (i.e. smoking status), and maintenance of
patient summaries to facilitate sharing of data among providers (i.e. electronic problem lists and
medication lists) [10].

Several previous initiatives, such as national recognition programs for the Patient-Centered
Medical Home, have encouraged adoption of EHRs among primary care physicians [17]. Many of
the most common quality measures, including those for EHRs, also focus on primary care [24].
However, there is an increasing effort to facilitate electronic exchange of clinical data across pro-
viders caring for common patients (such as a primary care physician and a cardiologist who both
care for the same individual).

Such electronic exchange will depend on the adoption and use of EHRs by specialists. Although
the overall prevalence of EHR adoption has increased in recent years [21], the prevalence of EHR
adoption could vary widely among specialties, particularly given differences in the confidentiality,
workflow, and information needs of different specialties [12, 13, 16, 23, 26, 31-33, 42]. The actual
variation of EHR adoption among specialties is unclear.

For example, some studies have found specialty practices less likely to adopt EHRs than primary
care practices [26, 32, 42], others more likely [31], while others found no difference [15]. Older work
(2001-2003) suggested orthopedics and cardiology were the most likely to adopt EHRs, and derma-
tology and psychiatry the least [12]; whereas more recent work (2008) found pediatrics, obstetrics
and gynecology, psychiatry, “other medical specialties”, and “other surgical specialties” were less
likely than general practitioners to adopt EHRs [26].

In addition, methodological variability complicates comparison between studies. For example,
different studies use different definitions of “EHR adoption”. Some count any EHR use [12, 31, 33],
others use published criteria [15] for basic [26] or fully functional [15] EHRs, and others use
multiple definitions [21]. Some divide specialty into 14-15 categories [12, 26], some into 8 categories
[31], others into 2-3 groups [15, 33]. Several specialist societies have polled their members about
EHR adoption [13, 16, 23], but their surveys differ in methodology, and do not include reference
groups.

2. Objectives

This study aims to identify if there are variations in the prevalence of EHR adoption based on phys-
ician specialty, and if so, which physician specialties are more or less likely to adopt an EHR. We per-
formed multiple analyses in order to address discrepancies among specialties found in previous
studies. We analyzed data from a national survey with detailed information about physician special-
ty and EHR adoption. We used four definitions of EHR adoption: three previously described binary
outcomes (any EHR, basic EHR, and fully functional EHR) [15] and one novel ordinal outcome
(EHR sophistication). We examined the odds of EHR adoption in 2009, as well as the rate of EHR
adoption over time from 2005-2009.
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3. Methods
3.1. Study Design

We used a retrospective cross-sectional study design to explore the association between physician
specialty and EHR adoption, and a retrospective serial cross-sectional study design to examine the
rate of EHR adoption over time among specialties.

3.2. Data Source

We analyzed the National Ambulatory Medical Care Survey (NAMCS), which conducts yearly in-
person interviews and mail surveys to create a nationally representative weighted sample of ambula-
tory visits in the U.S. The National Center for Health Statistics (NCHS) conducts NAMCS. We ob-
tained the data for free from the Inter-University Consortium for Political and Social Research [7].

We included data from 2005-2009. The publically available datasets include physician weights,
based on the multistage probability sampling strategy used by NAMCS. These weights allow
national estimates of nonfederal, office-based physicians, excluding radiologists, anesthesiologists,
and pathologists. Our analysis was based on surveys completed by more than 1000 physicians per
year (range 1058 — 1291) from 2005 — 2009, which represents a response rate of 53 — 56% of eligible
physicians per year [1-4, 6].

3.3. Data
3.3.1. Independent Variable: Specialty

NCHS classified each respondent’s specialty into one of fourteen groups: family medicine/general
practice, internal medicine, pediatrics, general surgery, obstetrics and gynecology, orthopedic sur-
gery, cardiovascular diseases, dermatology, urology, psychiatry, neurology, ophthalmology, otola-
ryngology, and other specialties.

3.3.2. Dependent Variable: EHR adoption

Any EHR adoption was assessed from 2005-2009 with the question “Does your practice use elec-
tronic medical records (not including billing records)?” We considered either of two answers as
positive: “Yes, all electronic” or “Yes, part paper and part electronic”. From 2007 - 2009, NAMCS
used the same set of items to assess EHR functionality, allowing comparisons over time. Basic EHR
functionality requires six components [15]: patient demographics, problem lists, clinical notes, pre-
scriptions orders, laboratory results, and imaging results. Full EHR functionality requires all the
basic EHR components, plus eight [15]: notes include medical history and follow up, computerized
order entry, laboratory orders sent electronically, prescriptions sent electronically to a pharmacy,
radiology image review, warnings of drug interactions or contraindications, out-of-range test levels
highlighted, and reminders of guideline-based interventions or screening. EHR sophistication is an
ordinal measurement of EHR adoption, which grades each physician’s EHR adoption along a four-
tiered scale: no EHR, any EHR, basic EHR, or full EHR.

Of note, our working definition of “basic EHR” differs from the original 2008 definition [15],
which also included “electronic lists of medications taken by patients” The NAMCS instrument did
not include a question about this functionality.

3.3.3. Covariates

We included covariates describing physician geography (Northeast, Midwest, South, or West), phys-
ician practices, revenue characteristics, and professional degree (MD vs. DO). Each is known to as-
sociate with EHR adoption [11, 15, 26, 39].
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3.4. Analysis
3.4.1. Covariate definition

We used three variables to describe physician practices. We collapsed office setting into a categorical
variable with five values: private solo or group practice, freestanding clinic/urgicenter, community
health center, HMO/other prepaid practice, or other. We collapsed practice ownership into a cat-
egorical variable with five values: physician or physician group, HMO, community health center,
medical-academic center, or other. We included solo practice as a binary variable. Note that solo prac-
tice was not collinear with “physician or physician group” - several solo practitioners worked in
practices they did not own. Four physicians with missing data about their practices were removed
from all analyses.

Revenue sources collected in 2005-2009 included Medicare, Medicaid, private insurance, and
“other sources” Five additional revenue methods were also collected in 2006-2009: patient payment,
fee-for-service, discounted fee-for-service, capitation, and case rates. Because these revenue sources
and methods are not mutually exclusive, we collapsed them into nine binary variables indicating if
more or less than half of a physician’s revenue came from that source or via that method. In our pri-
mary analysis, we used dummy variables to address nonresponse to revenue questions.

We identified respondents who did not fully answer revenue source questions via a separate bi-
nary variable “revenue source non-responder”, and set all the revenue source variables to “less than
50%” (the most likely response in each case). Similarly, we identified non-responders to revenue
method questions via a separate binary variable “revenue method non-responder”, and set all the
revenue method variables to “less than 50%” In a sensitivity analysis, we removed “revenue source
non-responders” and “revenue method non-responders”.

3.4.2. Weighted Ratios

Our calculations of the prevalence of EHR adoption for each specialty adjusted for physician level
survey weights [28, 30].

3.4.3. Trends in Specialty Prevalence

Anticipating our analyses of EHR adoption by specialties over time, we assessed for a significant
change in the relative proportion of each specialty over the five years of NAMCS data. We modified
the test of correlation to account for survey weights as follows: we calculated the yearly weighted
proportion of physicians in each specialty and then calculated a Pearson correlation (year vs. pro-
portion) to test for significance.

3.4.4. Association of Specialty and EHR Adoption

To assess the association of specialty and EHR adoption in 2009, we evaluated eight logistic regres-
sion models: an unadjusted and adjusted analysis for each of four outcomes. The unadjusted models
examined if EHR adoption significantly varied among specialties. The adjusted models examined if
the variation among specialties was independent of other covariates.

We used four versions of EHR adoption for the dependent variable: three binary outcomes (any
EHR, basic EHR, and full EHR) and one ordinal outcome (“EHR sophistication”).

In the unadjusted models, specialty was the only independent variable. In the adjusted models,
we included several covariates: region, office setting, solo practice, practice ownership, MD vs. DO,
revenue source, and revenue methods. Specialty was treated as a categorical variable with the largest
group, “family medicine / general practice”, as the reference category [26].

For each regression model, we selected a statistical omnibus test to examine the hypothesis that
EHR adoption was associated with specialty. For the three binary outcomes, we evaluated logistic re-
gression models via a weighted likelihood ratio test constructed to account for complex survey de-
sign (Rao-Scott statistics) [29, 30, 38]. For the ordinal outcome (“EHR sophistication”), we evaluated
a cumulative logit model assuming proportional odds and adjusting for complex survey design; we
assessed significance by comparing the change in deviance to an F distribution (Wald statistics). If
the omnibus test was significant, we then examined which specialties were significantly more or less
likely to adopt an EHR, compared with family medicine / general practice, by calculating odds ratios
(or adjusted odds ratios), Wald 95% confidence intervals, and p-values.
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For the EHR sophistication analysis, we evaluated the proportional odds assumption in the
weighted cumulative logit model by inspecting the coefficients (slope) of independent variables in
separate parallel logistic regressions of cumulative logits [29, 30, 38].

3.4.5. Reliability of estimates and sensitivity analysis

NCHS requires estimates from NAMCS to have a relative standard error of less than 30 percent to
be considered reliable. They provide a table containing the smallest reliable estimate for each
specialty [6]. Several of the 2009 estimates of full EHR adoption were below this threshold. We thus
performed a sensitivity analysis on a larger sample by repeating the regression analysis in section
3.4.4 on pooled data from 2007 - 2009. In the pooled analysis, we used the weights assigned to each
physician from each year. There was no overlap in surveyed physicians from year to year.

3.4.6. Rate of EHR Adoption over Time

To estimate the yearly change in EHR adoption, we considered NAMCS survey data from
2005-2009. We evaluated a logistic regression model with “any EHR” as the dependent variable and
year as a continuous independent variable, and reported the coefficient for year as an odds ratio. We
used Rao-Scott statistics to account for complex survey design [29, 30, 38]. We used the same tech-
nique to estimate the yearly change in basic and full EHR adoption from 2007 - 2009.

To assess if the rate of adoption of EHRs over time was different among specialties from 2005 -
2009, we tested for an interaction between year and specialty. We built a logistic regression model
with “any EHR” as the dependent variable, and three groups of independent variables: year as a con-
tinuous variable, specialty as a categorical variable, and an interaction term year x specialty. We then
used a weighted likelihood ratio test modified to account for complex survey design (Rao-Scott stat-
istics) to compare a logistic regression model with the interaction term to one without it [29, 30, 38].
We used the same technique to evaluate for interactions between basic EHR adoption and time, and
between full EHR adoption and time, from 2007 - 2009.

All analyses used physician weights to adjust for complex survey design. We considered p<0.05 to
be statistically significant. We employed multiple testing corrections wherever appropriate.

3.4.7. Statistical Tools

Statistical analysis was performed using the R software package version 2.15.1 (Vienna, Austria),
supplemented by the “survey”, “ggplot2”, and “car” packages [18, 28, 30, 45]. The “survey” package
produces estimates identical to those in commercial software packages, such as Stata, SAS, or SU-

DAAN, though standard errors may be marginally different among these packages [14].

4. Results

4.1. Distribution of specialists and covariates

The weighted proportion of physicians in each specialty remained stable from 2005-2009 (» Table
1). The distribution of otolaryngologists over time had an unadjusted p-value of 0.01, but this was
not significant after Bonferroni correction.

The surveyed physicians’ responses were weighted to represent the half million ambulatory based
physicians throughout the US. Most worked in private practices (89%) owned by physicians (81%),
and many worked as solo practitioners (34%). The majority were MDs (93%). A third (35%) derived
most of their revenue from private insurance, 58% from a fee-for-service payment model. Respon-
dents representing 3.7% of the population did not fully answer questions about revenue sources (i.e.
insurance), and those representing 8.4% did not respond to questions about payment models.
(> Table 2)

4.2. Prevalence of EHR Adoption, by Specialty

EHR adoption prevalence in 2009 varied widely among specialties for three definitions of EHR
adoption. Any EHR adoption ranged from a high of 62% (cardiology) to a low of 33% (psychiatry).
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Basic EHR adoption was highest in cardiology, family medicine, otolaryngology, and urology
(25-27%) and lowest for dermatology and psychiatry (<10%). Full EHR adoption was highest for in-
ternal medicine, family medicine, and pediatrics (9.9 - 11%), and as low as 1% for orthopedics.
(» Figure 1)

Within some specialties, the choice of definition for EHR adoption lead to different impressions
about the prevalence of EHR adoption. For example, in orthopedics, any EHR adoption was above
the mean, whereas full EHR adoption was notably below the mean. Conversely, in pediatrics, any
EHR adoption was below the mean, whereas full EHR adoption was above the mean (» Figure 1).

Of note, the estimates of full EHR adoption were below the statistical threshold for reliability set
by NCHS for five specialties: orthopedics, otolaryngology, general surgery, ophthalmology, and der-
matology.

4.3. Specialty and the odds of EHR adoption

The unadjusted logistic regression analyses demonstrated that EHR adoption was significantly as-
sociated with specialty for all four definitions of EHR adoption (any EHR p = 0.02, basic EHR p =
0.03, full EHR p = 0.02, EHR sophistication p = 0.001) (»Table 3). These associations remained sig-
nificant after adjustment for covariates (any EHR p = 0.004, basic EHR p = 0.008, full EHR p = 0.02,
EHR sophistication p = 0.0001) (»Table 4). In a sensitivity analysis, all eight models remained sig-
nificant after revenue non-responders were removed from the sample (data not shown).

Psychiatrists, dermatologists, and pediatricians were less likely to adopt EHRs in 3 of 4 adjusted
analyses; ophthalmologists and general surgeons in 2 of 4. After adjustment for covariates, these
specialties were 44 — 94% less likely to adopt an EHR, depending on the specialty and definition of
EHR adoption, compared to the reference group of family medicine / general practitioners.

Obstetricians and gynecologists, otolaryngologists, and orthopedic surgeons were each less likely
in 1 of 4 adjusted analyses. EHR adoption was not significantly different than family medicine / gen-
eral practitioners in any adjusted analysis for internal medicine, urology, cardiology, neurology, and
“other specialties”

In a sensitivity analysis pooling data from 2007-2009, the same five specialties (psychiatry, der-
matology, pediatrics, ophthalmology, and general surgery) were significantly less likely to adopt an
EHR compared to the reference group in at least two of the four regression analyses (data not
shown). The sensitivity analysis also found orthopedic surgery was less likely to adopt a basic and
full EHR, although the odds of adopting any EHR was not different than for the reference group (ad-
justed odds ratio 1.01 [95%CI 0.7 — 1.45]). Thus these sensitivity analyses were consistent with our
main findings.

4.4. Rate of EHR adoption over time

EHR adoption increased over time for all specialties, by all definitions (P Figure 2). The odds that a
physician adopted any EHR increased on average by 35% [95%CI 29 - 42] per year (2005 - 2009).
Similarly, the odds of adoption of a basic or a full EHR increased each year on average by 43% [95%
CI 26 - 63] and 41% [95% CI 11 - 79], respectively (2007 — 2009). No evidence suggested different
specialties adopted EHRs at different rates over time (significance of interaction between specialty
and year: any EHR, 2005-2009, p = 0.5; basic EHR, 2007-2009, p = 0.66; full EHR, 2007-2009, p =
0.43).

5. Discussion

5.1 Summary of Findings

We found the odds of adoption of an EHR by an ambulatory based physician depended on the phys-
ician’s specialty. This association persisted across four definitions of EHR adoption, after adjusting
for potential confounders, and after accounting for missing data. We consistently found that psy-
chiatrists, dermatologists, pediatricians, ophthalmologists, and general surgeons were less likely to
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adopt EHRs (compared with family medicine / general practitioners). No specialties were more
likely to adopt. Finally, we found that there was no significant difference in the rate of EHR adoption
among specialties over time; the odds increased in all specialties, by about 40% per year. These re-
sults demonstrate that EHR adoption varies among specialties, but the rate of adoption of EHRs
over time is roughly uniform throughout all fields of medicine.

Our analysis agrees with previous work showing psychiatrists [12, 26], ophthalmologists [13],
dermatologists [12], and pediatricians [23, 26] each have a relatively low prevalence of EHR adop-
tion, compared with generalists. Our findings build on this work by examining all specialties simul-
taneously, add robustness via analysis of four measures of EHR adoption, and illustrate the gains
made in all specialties over time.

5.2 Potential explanations for EHR adoption variability among phys-
ician specialties

The theory of diffusion of innovation [40] suggests that different physicians will adopt new technol-
ogies at different rates. Understanding specialty specific facilitators and barriers to adoption may
provide important insight into future strategies to further encourage EHR adoption. Although
NAMCS did not contain items exploring the reasons for EHR adoption, there are several possibil-
ities that might explain why certain specialties adopted early, while others have lagged.

There may have been facilitating factors to explain increased adoption among some generalists
(family medicine, internal medicine) and some specific specialties (urology, cardiology, and neurol-
ogy). Though the research on EHRs in the ambulatory setting has largely focused on generalists
[20], several publications describe financial benefits for urologists [34] and cardiologists [27], sug-
gesting some physicians adopted an EHR based on evidence of benefit. Cardiologists and neurol-
ogists regularly use digital analysis of physiologic signals (EKG and EEG) in patient care, suggesting
they may be more comfortable integrating computers into their practices compared with other
specialists.

For specialists with lower prevalence of EHR adoption (psychiatrists, ophthalmologists, derma-
tologists, pediatricians, and general surgeons), there may be specialty-specific barriers preventing
adoption. These specialties have specific privacy, workflow, and information needs that may set
them apart from other specialists. Psychiatrists, for example, are particularly sensitive to preserving
patient confidentiality; the Health Insurance Portability and Accountability Act places additional
protections on both the “process note” and any substance abuse information [35, 41]. Psychiatrists
also worry that patients may adjust what they discuss during psychiatric visits based on the perceiv-
ed privacy of the record [41]. Ophthalmology and dermatology both have high patient volume,
require the integration of specialized images and hand written drawings, and typically include both
a busy outpatient practice and surgical procedures [13, 19, 22, 44]. Pediatricians have many specific
information needs that differ from those of physicians who care for adults, including immunization
management, documentation of growth, and weight and age based dosing [43].

For general surgeons, however, it is unclear how to interpret the lower odds of EHR adoption in
the ambulatory setting, as they spend significant time in hospitals and operating rooms. Full under-
standing of general surgeons’ adoption of EHRs would require an assessment of preoperative, peri-
operative, operative, and postoperative settings [43].

The inconsistent findings for obstetricians and gynecologists, otolaryngologists, and orthopedic
surgeons are of unclear significance. If these specialties are truly behind in EHR adoption, the gap is
small.

5.3 Implications for clinical practice and public health

From a clinical perspective, effective communication with specialists is fundamental to good clinical
care, especially given the complexity of care coordination in a busy primary care practice [36]. Fed-
eral incentive programs explicitly encourage physicians to share clinical data electronically with one
another to insure all have a full understanding of a patient’s medical history - this cannot occur as
easily if specialists are not using EHRs.
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From a public health perspective, adoption and use of EHRs by these specialties will improve
measurement of quality. In order to qualify for EHR incentives, physicians must choose and report
clinical quality measures from a list provided by The Center for Medicare and Medicaid Services
(CMS). These measures include quality assessments by specialties with lower prevalence of EHR
adoption, such as: rates of substance abuse treatment (psychiatry), eye exams in patients with dia-
betes (ophthalmology), continuity of care for patients with melanoma (dermatology), and immuni-
zation and obesity in children (pediatrics) [25]. The ability to measure these quality assessments will
be greatly enhanced if specialists adopt EHRs and work to meet the criteria for meaningful use in-
centives.

In order for EHR adoption to increase across all specialties, some specialists may need additional
encouragement. Collaboration among regional extension centers, vendors, and professional so-
cieties has already occurred in some specialties [37], and should be encouraged.

5.4 Limitations

We were unable to control for some factors known to associate with EHR use, such as physician age
or comfort with technology. Cross-sectional study designs limit causal inference. Our working defi-
nition of “basic EHR” differs slightly from the original 2008 definition [15]. Further work is needed
to extend our 2005 - 2009 analysis to include subsequent rounds of the NAMCS data, particularly to
understand the effect of the federal meaningful use program on the adoption of EHRs by different
specialties.

6. Conclusions

Our results emphasize that EHR adoption varies widely by specialty. Although EHR adoption is in-
creasing in all specialties, the prevalence of adoption for ophthalmologists, dermatologists, psychia-
trists, pediatricians, and general surgeons is significantly lower than for family medicine and general
practice physicians. In order to insure each individual’s network of providers can electronically share
data, widespread adoption of EHRs is needed across all specialties.

Clinical Relevance

Achieving the expected benefits of EHRs to the U.S. Health system depends on EHR adoption by
physicians from all specialties. We found that EHR adoption varies significantly by physician
specialty. Although all specialties are making gains, the prevalence of adoption for ophthalmol-
ogists, dermatologists, psychiatrists, pediatricians, and general surgeons is significantly lower than
for family medicine and general practice physicians. In order to insure each individual’s network of
providers can electronically share data, widespread adoption of EHRs is needed across all special-
ties.
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tical lines illustrate average adoption for any EHR (dashed), basic EHR (dotted), and full EHR (dot-dash). Percentages
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Covariate n in sample Table 2
(representing this % of Sample Size and Prevalence of
US ambulatory based physicians) Covariates Used in Adjusted Re-

Region gression Analyses

NorthEast 237 (18.9%)

MidWest 311 (21.9%)

South 435 (35.2%)

West 308 (23.9%)

Office Setting

Private solo or group practice 1064 (88.7%)

Community health center 142 (3.8%)

HMO or other prepaid practice 26 (2.2%)

Other 9(1.9%)

Solo Practice
Solo Practice 406 (34.3%)
Practice Owner

Physician or Physician Group 972 (80.6%)
HMO 26 (2.1%)
Community health center 142 (4.2%)
Medical or Academic Center 29 (2.7%)
Other 122 (10.4%)
MD or DO

MD 1187 (93.4%)
DO 104 (6.6%)
More Than 50% Of Revenue From These Insurers
Private insurance 398 (34.9%)
Medicare 191 (15.1%)
Medicaid 98 (6.7%)
Other 24 (1%)
Non Responder 50 (3.7%)
More Than 50% Of Revenue From These Payment Models
Fee for service 717 (57.5%)
Discounted fee for service 238 (18.5%)
Capitation 49 (4%)
Case rates 8 (1.2%)
Other 29 (1.6%)
Non Responder 108 (8.4%)
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