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    Greater use of electronic medical records (EMRs) has the potential to improve the quality of medical care and has become a goal of the U.S. administration. According to the National Ambulatory Medical Care Survey, only an average of 17.6 percent of physicians reported use of EMRs in their office-based practices. The adoption rate did not increase from 2001 through 2003. Practices with more physicians and those owned by health maintenance organizations (HMOs) were significantly more likely to use this technology, but use varied little by the characteristics of individual physicians, the practice's scope of services, or the practice's sources of revenue.

   Analysts and policymakers have noted the potential for electronic medical record (EMR) systems to improve the quality of care and have called for expanding their use. [n1] Some researchers contend that the U.S. health care system's adoption of information technology (IT) has not kept pace with that of other industries or countries. [n2] Other researchers contend that the diffusion of health IT (HIT) is progressing at a pace comparable to similar technologies, such as large-scale relational databases. [n3] They note, however, that initial use of IT in health care has lagged behind other IT applications.

   In 2004 the federal government announced a framework to accelerate the adoption of HIT, with the goal of having EMRs for most Americans within the next decade. [n4] The framework calls for bringing EMRs into clinical practice through financial and nonfinancial incentives and support; interconnecting clinicians through regional and national networks; improving consumers' access to information and consumer-centric care; and improving population health through public health surveillance, quality-of-care monitoring, and research and dissemination of knowledge.

   According to national surveys, the use of EMRs ranged from 17 percent in physicians' office-based practices in 2003 to 29 percent in hospital outpatient departments and 31 percent in hospital emergency departments in 2002. [n5] This study builds on these analyses to examine the situation in physicians' offices over a three-year period (2001-2003) and to analyze in greater depth the relationship between the use of this technology and physician and practice characteristics.

    Study Data And Methods

   Data source. We combined and analyzed data from the questionnaire used to induct physicians into the National Ambulatory Medical Care Survey (NAMCS) for 2001, 2002, and 2003. The National Center for Health Statistics (NCHS) of the Centers for Disease Control and Prevention (CDC) annually surveys a probability sample of physicians classified by the American Medical Association or the American Osteopathic Association as engaged primarily in office-based patient care. The survey excludes physicians who are federally employed or specialize in anesthesiology, radiology, or pathology. The NAMCS multistage probability sample involves geographic primary sampling units, physicians within those sampling units, and patient visits within those physicians' practices. Among 6,012 eligible physicians sampled over the three-year period, 13 percent were not available during the reporting period, 30 percent refused to participate, and 56 percent provided complete survey information, including information on practice arrangements and patient visits. This study included responses from this latter group (n = 3,360). To produce un- biased national estimates, the NCHS adjusts the physician sampling weight for physician nonresponse and physicians who were not available during their randomly assigned reporting week. The nonresponse adjustment takes into account geographic region, location in a metropolitan statistical area (MSA), and specialty. Physicians in the Northeast, MSAs, or medical or surgical specialties are slightly less likely than other physicians to participate. The final sampling weights are inflated for physicians with these characteristics of nonresponders, to produce unbiased estimates. [n6] Details on the sampling and estimation process are available elsewhere. [n7]

   Measures. Physicians' responses to the question, "Does your practice use electronic medical records (not including billing records)" (answers: yes, no, or unknown) constituted the measure of the use of this technology. Information on use was missing for about 2.6 percent of physicians. During pretesting of the questionnaire, respondents were asked whether it was clear that "electronic medical rec-ords" meant keeping documentation of the patient's condition and treatment information in a computer file rather than a paper file. All respondents said yes.

   We explored the influence of practice, individual physician, and geographic factors on EMR use. Practice size (as measured by number of physicians) might be expected to affect EMR use because larger practices could spread the sizeable fixed cost of purchase and implementation over more physicians. The NAMCS does not collect information on the number of patients seen in the practice, which might also be related to EMR use.

   Scope of services may also influence adoption, to the extent that EMRs offer the potential for practices with a wider range of services to achieve greater efficiencies. From the questions, "Do you have a solo practice" and "Is this a single- or multispecialty group practice," we grouped the responses of solo and single specialty to represent the low end of scope and the response of multispecialty group to represent the high end.

   Practice ownership may also affect adoption. We grouped responses to the question, "Who owns the practice?" into three ownership categories: physician or physician group; health maintenance organization (HMO); and all other health care organizations, including academic medical centers, other hospitals, and other health care delivery organizations. HMOs, which both insure their enrollees and provide or arrange comprehensive care for them, receive revenue from capitation payments, based on their number of enrollees. Capitation payment may give HMOs a stronger financial incentive than the owners of other practices have to minimize the cost of providing care, because the revenue of HMOs is fixed in any given period. In addition, HMOs' responsibility for comprehensive care may involve their providing and bearing the costs of a greater scope of services than in practices in the other ownership categories.

   We also examined the association between use of EMRs and the practice's reported sources of revenue (percentage from Medicare, Medicaid, private insurance, other) and involvement with managed care (number of contracts), although neither public nor private payers had historically mounted notable initiatives to encourage adoption of the technology. Because of the substantial missing data for the percentage of revenue from managed care, we did not use that measure. We also explored associations between use and the practice's location, measured by region (Northeast, Midwest, South, West) and whether it was in an MSA.

   For characteristics of individual physicians, we examined the respondent's age, specialty, and sex. Younger physicians might be more likely than their older peers to use EMRs if they have had more experience and feel more comfortable with computerized applications. Since the question about use related to the overall practice, however, not the individual physician-respondent, physicians' age might not have been associated with use in the practice.

   Analysis. We conducted unadjusted (bivariate) analyses and adjusted analysis based on logistic regression. For the unadjusted analyses, we used chi-square tests to evaluate the percentages of physicians using EMRs for categorical variables, and student's t-test for continuous variables, such as percentages of revenue.

   Using logistic regression modeling, we examined the association between the dependent variable (use of EMRs or not) and characteristics of the physician and the practice as independent variables, including the physician's age and the practice's size, scope of services, ownership, and managed care contracts. We used the Wald F test to assess the significance of those associations. Odds ratios are presented to describe the size of the effects.

   Because these estimates are based on complex sample surveys rather than the universe of office-based physicians, they are subject to sampling variability. To calculate standard errors and significance tests, we used Taylor series approximations in SUDAAN (version 9.0), which take into account the complex design. [n8] Tests of statistical significance were evaluated at the .05 level.

   Study Results

   From 2001 through 2003, 17.6 percent of physicians in office-based practices reported using EMRs, a figure that did not change greatly during the study period (18.2 percent in 2001, 17.3 percent in 2002, 17.3 percent in 2003). Use uniformly increased with the number of physicians in the practice (Exhibit 1). Compared with solo practices, practices with ten to nineteen physicians were more than twice as likely to use EMRs (p .001), and practices with twenty or more physicians were three times as likely to use them (p .001).

   The categories of ownership that combined organizational and financial characteristics were significantly associated with use. Compared with practices owned by a physician or physician group, those owned by an HMO were more than three times as likely and practices owned by other health care organizations were almost twice as likely to use EMRs (p .001). Neither the scope of services, as measured by single versus multispecialty practice, nor broadly defined categories of specialty, as measured by primary care, medical, or surgical, were significantly associated with use (Exhibit 1). Use varied by specific physician specialty, however, with psychiatrists and dermatologists least likely and orthopedic surgeons and cardiovascular disease specialists most likely to use EMRs (p .01) (Exhibit 2).

   Use did not vary with the percentage of revenue that a practice received from different payers (Exhibit 3). Nor was use associated with the practice's number of managed care contracts (Exhibit 1). The number of a physician's weekly consults in the office and other locations, the alternative measure of size that did not encompass services provided by others in the practice, also showed no association with the type of records used (Exhibit 3). Nor were telephone or e-mail consults associated with the type of record.

   In Exhibit 4, the results of the logistic regression analysis indicate that practices with ten to nineteen and twenty or more physicians and those owned by HMOs or organizations other than the physician or physician group continued to have significantly greater odds of using the technology (Wald F = 34.2, p .01). Compared with solo practices, practices with twenty or more physicians had more than three times greater odds of using EMRs. Compared with physician-owned practices, practices owned by HMOs had more than four times greater odds, and other health care organizations almost twice the odds, of using the technology. An alternative model examined interaction effects between practice size and ownership, but the interaction effects were not significant. This finding implied that the greater use of EMRs observed with greater practice size was equivalent for each ownership category. Physicians' age, the practice's scope of services, and the number of managed care contracts did not have significant effects.

   Using the results from the logistic regression, Exhibit 5 illustrates the effects of the two significant factors, practice size and ownership, on the use of EMRs. It presents the predicted probability by practice size and ownership, adjusted by the physicians' age, the practice's scope of services, and the number of managed care contracts. The highest predicted probability of use in practices owned by physicians (Pr = .30) does not reach the lowest level for practices owned by HMOs (Pr = .42). The probabilities of use for practices owned by other health care organizations fall closer to the physician-owned than the HMO-owned ones. Physician-owned practices have low probabilities of using EMRs no matter what the size; only about 15.6 percent of practices owned by physicians or physician partnerships, which represent 86.1 percent of office-based physicians, use EMRs. Although about half of the physicians working in HMOs use EMRs, HMO-owned practices account for less than 2 percent of physicians.

   Discussion

   According to national probability surveys, the use of EMRs among physicians' office-based practices did not change from 2001 through 2003. This finding is consistent with the sizable investment required and the absence of major initiatives in the past to promote IT.

    Factors related to organizational and financial characteristics of the practice rather than characteristics of individual physicians were associated with differential use of EMRs. This pattern is consistent with the ability of larger practices to spread the sizable investment required to purchase and implement the technology over more physicians and services. Supporting the importance of organizational factors, physicians who were employees or contractors were significantly more likely than those who owned their practices to report that their practices used EMRs. These financial and organizational factors may partly explain the variation by specific specialty. For example, the two specialties with the highest use were three times more likely to have ten or more physicians in their practices than the specialty with the lowest use.

   Since payers and others have only recently begun to promote EMRs, the absence of an association between use and source of revenue is not surprising. [n9] Limitations of the data preclude identifying which dimension of HMO ownership--including capitation payment, comprehensive care, or insurance function--and associated financial incentives accounted for these findings. Multispecialty practices accounted for 19.6 percent of practices owned by physicians, 42.8 percent owned by other health care organizations, and 69.7 percent of the practices owned by HMOs. The approximation of scope of services available from the data set, single-specialty versus multispecialty practice, might not have adequately captured the effects of differential scope of services, such as laboratory, imaging, ambulatory surgery, and other diagnostic and therapeutic services.

   Our findings are consistent with those of other surveys in major respects. In 2003 the Commonwealth Fund sampled physicians from a list provided by the American Medical Association, excluding radiologists, anesthesiologists, pathologists, and dermatologists. Physicians in this survey who were salaried or in larger practices reported significantly higher rates of use. Unlike our findings, primary care physicians reported higher use than specialists, perhaps a reflection of the Commonwealth Fund's exclusion of certain specialties that we included in our survey. As major barriers to adoption, solo practitioners were more likely than other physicians to cite lack of evidence of effectiveness, confidentiality concerns, lack of training, start-up costs, lack of uniform standards, lack of time, and maintenance costs. [n10]

   In recent multivariate analysis of the Commonwealth Fund data, physicians using EMRs had significantly higher odds of reporting that they received data from internal sources on the quality of the care they provided to patients. [n11] Physicians' use of EMRs, however, was not associated with the ease of receiving practice-level or quality-of-care data or with physicians' involvement in quality improvement efforts. The authors emphasized that having an EMR does not mean that a physician can fully reap the benefits of using it to improve quality.

   A 2001 survey of U.S. physicians by the Center for Studying Health System Change also found that practices with more physicians--in this case, with fifty or more--were more likely than other practices to contain IT. [n12] This study also reported that staff- or group-model HMOs were more likely than other types of practices to have IT to support patient care.

   A possible limitation of our study is the 56 percent survey response to the phase with the question on use of EMRs. Bias in the national estimate of use is unlikely, however, because the nonresponse adjustment for the sample weights took into account the characteristics of nonparticipants. Response rates did not differ for the sampling frame characteristic most closely associated with differential use: practice ownership. Another limitation was that for the survey years reported here, NAMCS did not contain functions of the EMR other than documenting and storing patients' conditions and treatments. The 2005 NAMCS is asking about other functions, including computerized orders for prescriptions and tests, test results, clinical notes, reminders for guideline-based interventions or screening tests, and public health reporting.

   Our findings suggest opportunities for initiatives to target organizational and financial incentives to foster EMRs. As outlined by the U.S. administration's framework, public policies, such as financial incentives from public insurance programs, may reward practices that adopt the technology and improve the business case for their use. [n13] The level of use in 2001-2003 will provide a valuable baseline by which to measure the effects of the federal initiative.

   The authors acknowledge Paul Hebert for providing helpful comments on previous versions of the manuscript.
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