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Abstract

Context—Electronic health records (EHRs) are increasingly used by U.S. outpatient physicians.

EHRs could improve clinical care via clinical decision support (CDS), electronic guideline-based

reminders and alerts.

Objective—Using nationally representative data, we assessed the relationship of EHR and CDS

use to ambulatory care quality, hypothesizing that higher quality of care would be associated with

EHRs and CDS.

Design—Retrospective, cross-sectional analysis of physician survey data on patient visits.

Setting—Ambulatory care physician practices in non-federal offices and hospitals.

Participants—National estimates were based on 190,314 patient visits from the 2005–07

National Ambulatory Medical Care Survey and 2005–06 National Hospital Ambulatory Medical

Care Survey.

Main Outcome Measures—We used a previously developed set of 20 visit-based quality

indicators to assess the provision of guideline recommended care with a focus on appropriate

pharmacotherapy and preventive counseling.

Results—EHRs were connected with 28% of an estimated 1.0 billion annual U.S. patient visits.

CDS was present in 57% of the visits where an EHR was used (16% of all visits). Use of EHR and

CDS varied with provider and patient characteristics, including significantly increased use in the

West and in multi-physician settings compared with solo practices. For 19 of 20 quality indicators,

visits associated with EHRs had similar quality compared with visits conducted without EHR.

Higher quality was noted only for diet counseling in high risk adults (p=0.002). Among the EHR

visits, 19 of the 20 quality indicators showed no significant difference in quality between visits

with and without CDS. CDS was associated with significantly better performance for only one

indicator, lack of routine ECG ordering in low risk patients (p=0.001).
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Conclusions—Our finding of no consistent association between EHR and CDS use and better

quality raises concern about the ability of EHR, in isolation, to fundamentally alter outpatient care

quality.

American physicians often fail to provide outpatient care that is recommended by clinical

guidelines,1,2 and many stakeholders identify health information technology (HIT) as a

potential solution to low quality care.3 Since 1991, the Institute of Medicine has repeatedly

called for increasing electronic health record (EHR) use to improve healthcare quality.3,4

Clinical practices implementing outpatient EHRs self-report improved clinical decisions and

resulted in easier communication with other providers and patients, faster and more accurate

access to medical records, and avoidance of medication errors. While US physicians have

been slow to adopt outpatient EHRs,5,6 their use is likely to accelerate because of the Health

Information Technology for Economic and Clinical Health (HITECH) provisions of the

American Reinvestment and Recovery Act (ARRA) of 2009. 7,8 Nonetheless, evidence

linking increased national use of outpatient EHRs to improved care quality is lacking. While

past studies within specific institutions have demonstrated better quality from EHR

implementation,9,10 using 2004 national data Linder et al. found no quality difference

between ambulatory care provided with and without EHRs.11 Several recent studies also fail

to observe an association between EHR use and improved care quality.12,13

This lack of association between EHRs and national outpatient care quality may reflect early

patterns of EHR use in past studies and the heterogeneous functionality of EHRs studied.

One EHR function of key relevance to quality is clinical decision support (CDS), a feature

that that alerts, reminds, or directs health care providers according to clinical guidelines.

Past evaluations present conflicting results regarding CDS’s effects on quality, although

most previous studies have had small sample sizes and have focused on specific diseases in

a limited number of institutions.12, 14–20 Broader evaluations of CDS effects on quality

across several institutions and diseases have had variable results.13

Using nationally representative, federally-collected 2005–07 data, we reexamined the impact

of EHRs on outpatient care in the United States. We hypothesized that CDS functionality is

associated with higher-quality outpatient care compared to EHR use without CDS.

METHODS

Focusing on ambulatory care provided in physicians’ offices, hospital outpatient

departments, and emergency deparments, we examined patient and physician characteristics

associated with use of EHRs and CDS. We also determined whether EHR and CDS use

predicted better outpatient quality of care using an existing set of performance indicators,

while accounting for potential confounders.

Data Sources

We used the most recent data available from the National Ambulatory Medical Care Survey

(NAMCS, 2005–2007) and the National Hospital Ambulatory Medical Care Survey

(NHAMCS, 2005–2007), both conducted by the National Center for Health Statistics

(NCHS, Hyattsville, MD). These surveys gather information on ambulatory medical care
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provided by nonfederal, office-based, direct-care physicians (NAMCS)21 and provided in

emergency and outpatient departments affiliated with nonfederal general and short-stay

hospitals (NHAMCS).22 These federally conducted, national surveys are designed to meet

the need for objective, reliable information about US ambulatory medical care services.23

These data sources have been widely used by government and academic research to report

on patterns and trends in outpatient care.

The unit of analysis derived from NAMCS/NHAMCS is the patient visit. Patient visit data

are collected using a 3-stage (NAMCS) or 4-stage (NHAMCS) sampling procedure,

selecting geographic primary sampling units, hospitals or physicians within each primary

sampling unit, clinics within each hospital (NHAMCS only), and patient visits for each

provider or clinic. Response rates were 59% to 62% among physicians invited to participate

in NAMCS (2005–2007) and 80% to 88% among hospital emergency departments and

outpatient departments invited to participate in NHAMCS (2005–2007).21,22 In 2005, there

were 24 627 visit records available from NAMCS, 26 806 from the NHAMCS outpatient

department component, and 29 747 from the NHAMCS emergency department component.

To each patient visit, NCHS assigns a statistical weight derived from the sampling

procedure and independent national annual estimates of outpatient visits. These weights

allow extrapolation to a national level. Data from NHAMCS and NAMCS were combined,

consistent with NCHS guidelines. The combination of these data sets widened the scope of

practices covered, increased the study’s generalizability, and more than tripled the sample

sizes availability compared with NAMCS alone, thereby increasing statistical power. We

included visits to emergency departments because they are a key source of care and a setting

in which EHRs have been more widely adopted. We excluded visits resulting in

hospitalization.

The NCHS Research Ethics Review Board annually approves NAMCS and NHAMCS and

has waived informed consent requirements and authorization for medical record release.21,22

Because no identifiers are publically available, this study was conducted under an exemption

from the institutional review board of Stanford University, Stanford, California.

Survey Data Elements

Information is available regarding the clinical setting as well as about individual visits.

NCHS conducts a 35- to 60- minute induction interview with each participating physician or

hospital to gather information on practice characteristics (e.g., specialty, scope and size of

practice, physician specialty/clinic type, geographic region, and ownership). The in-person

induction interviews precede visit record data collection and have been refined since the

surveys began in the 1970s. We defined primary care visits as those involving the specialties

of family medicine, internal medicine, geriatrics, pediatrics, and general practice (NAMCS)

or as those taking place in the “general medical clinic,” “internal medicine,” and “pediatrics”

(NHAMCS).

The induction surveys since 2005 ask “Does your practice use electronic MEDICAL

RECORDS (not including billing records)?” We coded as EHR responses of “yes, all

electronic” and “yes, part paper and part electronic.” Information collected about EHR
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characteristics includes whether the EHR provides CDS: “reminders for guideline-based

interventions and/or screening tests.”24 Practices that had CDS, but had turned off these

functions were considered not to have CDS. We excluded patient visits at which answers to

the EHR or CDS questions were missing or “don’t know.” We use the term EHR, rather

than electronic medical record, because EHR is rapidly becoming standard terminology.8

Each visit record requires 5 to 10 minutes to complete and include information on the reason

for the patient’s visit, physician diagnoses, new and continued medications, and

demographic data. Reasons for visits are coded using NCHS’s own classification system.

Diagnostic information is coded according to the International Classification of Diseases,

9th Revision, CM (ICD-9).25 In 2005, medications were coded using NCHS’s own system,

but since 2006 Lexicon Plus (Cerner Multum, Denver, Colorado) has been used. For each

visit, health care providers or their staff members manually enter text fields on paper surveys

for each visit, which are subsequently coded by trained medical coders.

Nonresponse rates for most questions on both surveys were generally below 5% with the

exception of race and ethnicity. For records lacking age, race, ethnicity, and sex data, NCHS

imputed values based on multiple imputation using physician specialty, geographic region,

and 3-digit International Classification of Diseases, Ninth Revision, Clinical Modification

codes for primary diagnosis. National Center for Health Statistics quality control for medical

and drug coding involved a 2-way independent verification procedure for 10% of records in

each survey year. For records with coding discrepancies, records were reviewed and

adjudicated by both reviewers. Coding error rates for various items ranged from 0.3% to

4.5% in 2005, from 0.2% to 1.4% in 2006, and from 0.0% to 1.7% in 2007.

Quality of Care Indicators

Our analysis of quality of care used a selected set of 20 quality indicators that had

previously been used to assess quality using NAMCS/NHAMCS26 but that had been

updated to reflect changes in clinical guidelines. Each indicator represents a care guideline

whose adherence can be measured using the visit-based information available from

NAMCS/NHAMCS visit records. The indicators were developed using broad criteria

established by the Institute of Medicine (clinical importance, scientific soundness, and

feasibility for indicator selection) and specific criteria based on the NAMCS/NHAMCS data

sources. The indicators fall into 5 categories: (1) pharmacological management of common

chronic diseases, including atrial fibrillation, coronary artery disease, heart failure,

hyperlipidemia, asthma, and hypertension (9 indicators); (2) appropriate antibiotic use in

urinary tract infection and viral upper respiratory infections (2 indicators); (3) preventive

counseling regarding diet, exercise, and smoking cessation (5 indicators); (4) appropriate use

of screening tests for blood pressure measurement, urinalysis, and electrocardiography (3

indicators); and (5) inappropriate prescribing in elderly patients (1 indicator).

Performance on each quality indicator was defined as the proportion of eligible patients

receiving guideline-congruent care so that a higher proportion represents greater

concordance with care guidelines. Attention was paid to excluding those patients with

comorbidities that would complicate guideline adherence (e.g., asthma in assessing beta-

blockers use in coronary artery disease). Also, in some instances, care was adherent to the
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quality indicator if a similar therapy was provided (e.g., warfarin rather than aspirin in

coronary artery disease).

Data and Statistical Analysis

We performed a retrospective, cross-sectional analysis of ambulatory care visits from the

NAMCS (2005–2007) and NHAMCS (2005–2007) data sets using weighted visits. Based on

each clinical practice’s induction information, visits were categorized into three mutually

exclusive groups for the comparison: 1) EHR and CDS use in the clinical practice, 2) use of

an EHR, but without CDS, and 3) no use of an EHR. We developed 2 hierarchical statistical

models to examine the likelihood of EHR among all visits and of CDS among EHR visits.

We developed a series of hierarchical statistical models of identical form applied to each

quality indicator that evaluated the likelihood of quality performance for the 2 EHR groups

together compared with visits not associated with an EHR. We also developed a series of

hierarchical statistical models comparing the likelihood of favorable quality in CDS visits

with that in visits without CDS, measured among EHR visits, for each indicator. We

conducted an additional, planned analysis of quality and EHR/CDS separately for NAMCS

(private offices) and NHAMCS (hospital outpatient and emergency departments).

Statistical analyses were performed using SAS ® 9.3 (SAS Institute, Cary NC). We used the

SURVEYLOGISTIC procedure to statistically control for potentially confounding variables

via logistic regression modeling. 27 Control variables for all models included patient sex,

patient age group, patient race/ethnicity, specialty/clinic type, clinic scope, geographical

region, and dataset of origin. Clinical characteristics were not included in these models

under the argument that quality indicators should be applicable to all patients, except where

specific complicating diagnoses are defined. All hypothesis testing was 2-tailed, and P<0.05

were considered statistically significant. We did not adjust statistical significance for

multiple comparisons, but interpretation of the findings reflects recognition of this issue.

Our statistical power to detect differences in quality associated with EHR and CDS varied

widely across indicators and was largely dependent on visit sample size. In comparing EHR

vs. no EHR, statistical power to detect a 5% absolute increase in indicator performance (eg,

66% vs 71%) at a statistical significance level of P = .05 (2-tailed) was 90% or greater for 11

indicators, 75% to 89.9% for 3 indicators, 50% to 74.9% for 5 indicators, and less than 50%

for 1 indicator. Similarly, for CDS vs no CDS among EHR visits, the statistical power was

90% or greater for 7 indicators, 75% to 89.9% for 2 indicators, 50% to 74.9% for 3

indicators, and less than 50% for 8 indicators.

RESULTS

EHR and CDS Use

Between 2005 and 2007, the NAMCS and the NHAMCS contained data on 243 478

unweighted patient visits not resulting in a hospital admission with EHR status available.

These data represented a projected 3.18 billion patient visits nationwide, or 1.06 billion

annually. The EHRs were used in 29.6% of all patient visits, and the CDS was used in

56.3% of these EHR visits (16.7% of all patient visits). The use of both EHR and CDS

increased over time.
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The use of EHRs and CDS in ambulatory visits varied significantly across patient and

provider characteristics (Table 1). The EHRs were used in 41% of patient visits in the West,

a rate much higher than that of other regions (25%–30%). The use of EHRs also was higher

in group practices/community health centers (28%) and hospital-affiliated practices (48%)

compared with solo practice offices (16%). Compared with primary care (29%), EHR use

was higher for emergency medicine (56%) and lower among other specialties (20%). These

same characteristics were statistically significant as predictors of ambulatory visit EHR use

in multivariable logistic regression models of EHR use (Table 1).

Among ambulatory visits at which EHRs were used, CDS was more likely to be present in

the West (66% of EHR visits) compared with other regions (47%–56%). Surgeons (46%)

and other specialists (35%) had the lowest CDS use compared with other physicians (51%–

67%). Electronic health record visits by male patients had lower rates of CDS use than those

by female patients (54% vs 58%). These same characteristics were statistically significant

predictors of CDS use among EHR visits in multivariable logistic regression (Table 1).

EHR Use and Ambulatory Quality

Ambulatory quality of care was suboptimal for many indicators (Table 2). The use of EHRs

was not consistently associated with higher-quality care. Among all outpatient visits, those

where an EHR was present showed significantly better performance in only 1 of 20 quality

indicators based on unadjusted data (diet counseling in high-risk adults, 28% vs 20%;

adjusted odds ratio [OR] 1.65; 95% confidence interval [CI], 1.21–2.26; P = .002). In the

other 19 indicators, there was no statistically significant difference in quality based on the

presence or absence of an EHR. These patterns were present both in bivariate analysis and in

multivariate logistic regression models. Nonstatistically significant differences of greater

than 5% favored EHR use in 3 instances and lack of EHR use in 2 instances. In the context

of multiple comparisons across quality indicators, these findings suggest no association

between EHR use and quality.

CDS Use and Ambulatory Quality

Clinical decision support also was not associated with higher-quality care. Among EHR

visits, CDS was associated with better performance on only 1 of 20 ambulatory care quality

indicators, avoidance of unnecessary electrocardiograms during routine exams (98% vs

93%; adjusted OR, 2.88; 95% CI, 1.69–4.90; P = .001). In the other 19 indicators, there were

no significant differences in quality. Non-statistically significant differences of greater than

5% favored CDS in 1 instance and EHRs without CDS in 3 instances. Given the multiple

comparisons, our findings indicate no association between CDS and quality.

Separate analysis of office-based (NAMCS) and hospital-based (NHAMCS) patient visits

showed similar results. Among EHR office-based visits, CDS use was associated with

higher quality for 1 indicator: fewer inappropriate electrocardiograms (OR, 3.78; 95% CI,

1.72–8.31). The remaining 19 quality indicators showed no variation in quality by CDS

status. Among hospital-based visits, CDS use was favorably associated with smoking

cessation counseling (OR, 3.09; 95% CI, 1.57–6.09) and unfavorably associated with lower

use of inhaled corticosteroids in adults with asthma (OR, 0.62; 95% CI, 0.43–0.87) and
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lower routine blood pressure monitoring (OR, 0.57; 95% CI, 0.35–0.90). Given the finding

of greater EHR and CDS use in the West, we examined post hoc the independent association

of Western region with care quality and found no consistent relationship. Western visits had

higher quality than other regions for 2 indicators (antibiotic use in respiratory infection and

inappropriate electrocardiography ordering), worse quality for 3 indicators (urinary tract

infection antibiotic selection, diet counseling, and exercise counseling), and similar quality

for the remaining 15 indicators.

COMMENT

In a nationally representative survey of physician visits, neither EHR nor CDS were

associated with ambulatory care quality, which was suboptimal for many indicators. We

noted no association between EHR use and care quality for 19 indicators and a positive

relationship for only 1 indicator. We also found CDS use associated with better quality for

only 1 of 20 quality indicators, refuting our hypothesis that CDS would be associated with

improved care quality. Some studies suggest that certain guidelines and clinical areas lend

themselves well to CDS intervention, while others do not. However, the lack of association

between EHR and CDS and care quality in our study fails to support such conclusions.28–31

The breadth of data from ambulatory practices across the United States sets this study apart

from past CDS literature. The NAMCS/NHAMCS data provide a superior source of

information for resolving discrepancies arising between institution-specific studies. Clinical

decision support is an often-cited EHR mechanism of quality improvement, yet this study

failed to detect significant improvements in health care quality among all US practices using

CDS systems. While our findings do not rule out the possibility that the use of CDS may

improve quality in some settings, they cast doubt on the argument that the use of EHRs is a

“magic bullet” for health care quality improvement, as some advocates imply.

Political, economic, and clinical interest in health information technology has come much

later to the United States compared with other nations. A large majority (often more than

90%) of primary care physicians in 10 other Western industrialized countries use EHRs in

their practices. We report the use of EHRs in only 29% of primary care visits, although

recent federal actions and incentives will no doubt increase EHR use.5,7,32

The American Reinvestment and Recovery Act stimulus bill set aside $19.2 billion to

promote HIT use in the United States, with the underlying assumption that more HIT is

better. The majority of HITECH funding goes to raising reimbursement rates for Medicare

and Medicaid services delivered with the “meaningful EHR use.” Qualifying EHRs must

have a minimum number of CDS guidelines.33,34

While our study cannot predict the broad impacts of a government HIT incentive program, 2

interpretations are available. Given that we observed no difference in quality between visits

with and without CDS, our findings raise doubts about the ability of the broad CDS adoption

promoted by HITECH to unilaterally improve outpatient care quality. Several anecdotal

articles describe how CDS can disrupt care and decrease care quality, although further

empirical research is needed.35,36 In the absence of broad evidence supporting existing CDS
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systems, planned investment should be monitored carefully and its impact evaluated

rigorously.

At the same time, our findings may suggest a need for greater attention to quality control

and coordinated implementation to realize the potential of EHR and CDS to improve health

care. In the absence of governmental impetus and standards, current adoption patterns may

have fostered incomplete implementation and use of less effective technologies. Systematic

federal intervention by the federal government through HITECH may be needed to realize

the potential of these technological advances.

Our analysis extends Linder and colleagues’9 finding of no significant association between

EHR use and national ambulatory care quality. Electronic health records can vary

enormously in their functionality, so Linder and coauthors hypothesized that examination of

overall EHR use may have been too broad. To remedy this overly inclusive categorization,

we compared a subset of advanced-function EHRs with more basic, limited-function EHRs

but still noted no difference in quality. Furthermore, the present analysis assesses the

predictors of EHR and CDS use and considers statistical power in assessing outpatient

quality.

We observed variations in the use of EHR and CDS according to patient and physician

characteristics. Being located in the West was a prominent predictor of EHR and CDS

uptake, as was receiving services in larger care settings. These findings suggest the

substantial economies of scale faced in HIT implementation. Lack of disparities by patient

race may be attributable to adoption of EHRs and CDS in emergency departments and

hospital outpatient departments, settings in which minority patients are more likely to

receive care than white patients.37,38

Limitations

This study has several limitations. The use of NAMCS/NHAMCS data examines only a

sample of patients and excludes those receiving care in federal facilities and

nonparticipating practices. The most recently available data from 2005 through 2007 may

not reflect current practice patterns. Use of cross-sectional, visit-level data does not allow

assessment of longitudinal care, which may be more important than process- and visit-based

quality indicators. We used multivariate analyses to control for variables that are

independently associated with CDS adoption and care quality, but other factors that are not

available in NAMCS/NHAMCS may be confounders. The quality targets of CDS were not

reported, and the relationship of these targets to the selected quality indicators is not known.

The report of an EHR or a CDS being used in a clinical practice does not translate into use at

every visit, although we did account for CDS functionality being turned off. There are many

steps between the availability of CDS and its effective use to improve quality, and our

assessment is not able to pinpoint specific barriers within this complex process. Although

cultural and technical factors are likely involved, distinct barriers may apply to different

institutional settings.

For several quality measures, we lacked sufficient statistical power to detect moderate-sized

differences in quality. Among nonstatistically significant comparisons for which quality
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indicator differences were greater than 5%, however, there was no tendency to favor EHRs

or CDS. Despite these limitations, these data remain the best source of information available

to examine the connection between EHR/CDS use and national outpatient quality of care.

Future research should investigate why the CDS benefits in randomized controlled trials

have not translated into national quality improvement. Research also is needed to elucidate

the factors influencing HIT adoption. This information will be vital to federal decisions

about HIT implementation in the coming years. As in this assessment, further research

should continue to evaluate the role EHR and CDS outside of academic medical centers in

the smaller scale settings where most Americans receive outpatient health services.

Conclusions

In conclusion, despite the promise of better quality, the clinical benefits of EHRs and CDS

are not evident in our quality indicators. Given the growing institution-specific evidence that

CDS use increases the quality of health care services, our results raise doubts about past

implementation of costly EHR technologies nationally. While EHRs offer substantial

administrative efficiency over paper records, current patterns of EHR and CDS use do not

appear to translate into better outpatient quality of care.
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