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Background: Electronic health records (EHRs) have
been proposed as a sustainable solution for improving
the quality of medical care. We assessed the association
between EHR use, as implemented, and the quality of am-
bulatory care in a nationally representative survey.

Methods: We performed a retrospective, cross-
sectional analysis of visits in the 2003 and 2004 Na-
tional Ambulatory Medical Care Survey. We examined
EHR use throughout the United States and the associa-
tion of EHR use with 17 ambulatory quality indicators.
Performance on quality indicators was defined as the per-
centage of applicable visits in which patients received rec-
ommended care.

Results: Electronic health records were used in 18% (95%
confidence interval [CI], 15%-22%) of the estimated 1.8
billion ambulatory visits (95% CI, 1.7-2.0 billion) in the
United States in 2003 and 2004. For 14 of the 17 quality
indicators, there was no significant difference in perfor-

mance between visits with vs without EHR use. Catego-
ries of these indicators included medical management of
common diseases, recommended antibiotic prescrib-
ing, preventive counseling, screening tests, and avoid-
ing potentially inappropriate medication prescribing in
elderly patients. For 2 quality indicators, visits to medi-
cal practices using EHRs had significantly better perfor-
mance: avoiding benzodiazepine use for patients with de-
pression (91% vs 84%; P=.01) and avoiding routine
urinalysis during general medical examinations (94% vs
91%; P=.003). For 1 quality indicator, visits to prac-
tices using EHRs had significantly worse quality: statin
prescribing to patients with hypercholesterolemia (33%
vs 47%; P=.01).

Conclusion: As implemented, EHRs were not associ-
ated with better quality ambulatory care.
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ATIENTS IN THE UNITED
States receive about half of
recommended medical care,
and there have been wide-
spread calls to improve health
care quality."? Health information tech-
nology (HIT) and, in particular, elec-
tronic health records (EHRs) have been
touted as cost-effective, sustainable solu-
tions for improving quality in medical
care.”®
Although some computer- and EHR-
based decision support efforts to im-
prove quality have been successful, oth-
ers have not.”!° A recent systematic
review'! conducted for the Agency for
Healthcare Research and Quality found
that HIT systems, including EHRs, can in-
crease the delivery of guideline-adherent
care, improve quality of care through clini-
cal monitoring, and reduce rates of medi-
cal errors. However, much of the re-
search supporting these findings in the

United States comes from 4 “bench-
mark” institutions with largely internally
developed EHR systems. Other settings
using other systems may not have achieved
these quality improvement benefits. We
sought to determine whether the use of
EHRs, as presently implemented, was as-
sociated with higher quality ambulatory
care throughout the United States.

- ST

DATA SOURCE

The National Ambulatory Medical Care Survey
(NAMCS) is administered by the Ambulatory
Care Statistics Branch of the National Center for
Health Statistics (NCHS) of the Centers for Dis-
ease Control and Prevention.'> The NAMCS col-
lects information on patient visits to non—
federally funded, community, office-based
physician practices throughout the United States.
The NAMCS has a 3-stage sampling design with
sampling based on geographic location, physi-
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cian practices within a geographic location (stratified by physi-
cian specialty), and visits within individual physician practices.
Patient, physician, and clinical information is collected at each
selected visit and is recorded on patient record forms by partici-
pating physicians, office staff, or US Census Bureau represen-
tatives. Patient information includes demographics and insur-
ance status.” Race and ethnicity are classified by the person
filling out the patient record form, according to an office’s usual
practice for collecting such information. Physician informa-
tion includes self-identified specialty, geographic region, and
whether the practice is in a rural area. Clinical characteristics
include up to 3 reasons for the visit (coded using the NCHS-
specific Reason for Visit Classification), 3 diagnoses (coded using
the International Classification of Diseases, Ninth Revision, Clini-
cal Modification [ICD-9-CM]), 8 medications, and the corre-
sponding National Drug Code Directory Class** number for each
medicine. Listed medications include prescription and non-
prescription medications, which the physician prescribed or pro-
vided at the visit or prior to the visit and which the physician
expected the patient to continue taking.

The NAMCS collected 25 288 patient records from 1407 phy-
sician practices in 2003 and 25 286 patient records from 1121
practices in 2004." The participation rate of contacted physi-
cian practices in the NAMCS was 67% in 2003 and 65% in 2004.
Quality control was performed using a 2-way independent veri-
fication procedure for 10% of the sample records. Coding er-
rors for various items ranged from 0.0% to 1.1%.

In 2003 and 2004, the NAMCS included a question in the
intake survey that asked, “Does your practice use electronic
medical records (not including billing records)?” We use the
term electronic health record because it is more widely used
throughout the medical literature and connotes the mainte-
nance of health, not just the treatment of illness."”” The NCHS
has reported that this question was clear to respondents in pre-
testing.'® Responses to this question were blank in 0.25% of es-
timated visits and “don’t know” in 0.45% of estimated visits.
We considered blank responses or “don’t know” as not using
an EHR. Information about specific EHR capabilities (eg, clini-
cal decision support) was not available.

The NCHS weights each visit to allow extrapolation to na-
tional estimates for all aspects of the survey. The visit weight
accounts for selection probability, nonresponse adjustment, and
other adjustments to reflect the universe of ambulatory visits
in the United States."* The NCHS institutional review board ap-
proved the protocols for the NAMCS, including a waiver of the
requirement for informed consent of participating patients.

DATA ANALYSIS

We performed a retrospective, cross-sectional analysis of am-
bulatory visits in the NAMCS from 2003 and 2004. We began
by modifying, expanding, and updating the analyses by Burt
and Sisk'® and Burt and Hing,'” who examined the use of com-
puterized clinical support systems and EHRs in practices
throughout the United States from 2001 to 2003. We mea-
sured the number and percentage of ambulatory visits in which
clinicians used an EHR. We examined the associations be-
tween EHR use and patient demographics, physician spe-
cialty, and office characteristics. We examined patient race and
ethnicity to identify potential differences in access to practices
using EHRs. Information about individual physician demo-
graphic characteristics, such as age and sex, were not available
in the publicly available NAMCS. The NCHS has previously re-
ported that no physician-level characteristics were associated
with EHR use.'

We examined a set of 23 quality indicators, which have been
previously described for use in the NAMCS by Ma and Stafford,'®

modified slightly to more clearly define comorbidities." The qual-
ity indicators were constructed using NAMCS reason for visit
codes, medication codes, and ICD-9-CM codes. Detailed criteria
and methods for the construction of the quality indicators have
been previously described.'® Briefly, the quality indicators were
developed in accordance with the Institute of Medicine’s crite-
ria® of clinical importance, scientific soundness, and feasibility
for indicator selection as well as criteria specific to the limita-
tions of the data source. The 23 indicators fall into 5 categories:
medical management of common diseases (10 indicators), rec-
ommended antibiotic use (3 indicators), preventive counseling
(5 indicators), screening tests (4 indicators), and potentially in-
appropriate prescribing in elderly patients (1 indicator).

The performance on quality indicators was the percentage
of applicable visits receiving recommended care. Visits with ex-
clusionary criteria were excluded from the numerator and de-
nominator. Exclusions were identified using reason for visit
codes, medication codes, and ICD-9-CM codes.

Our primary analysis included visits to physicians of any
specialty. Because many of the quality indicators concern the
practice of primary care physicians and cardiovascular special-
ists, we performed a secondary analysis limited to visits to phy-
sicians with a specialty of family medicine, general medicine,
internal medicine, pediatrics, and cardiovascular diseases.

STATISTICAL ANALYSIS

We calculated standard errors for all results as recommended
by the NCHS using SUDAAN software (Research Triangle In-
stitute International, Research Triangle Park, North Caro-
lina), which accounts for the complex, clustered sampling de-
sign of the NAMCS." The unit of our analysis was the visit.
All statistical tests were based on estimates that had less than
30% relative standard error (ie, the standard error divided by
the estimate expressed as a percentage of the estimate) and were
based on 30 cases or more in the sample data. According to the
NCHS, estimates with greater than a 30% relative standard er-
ror or based on fewer than 30 sample cases may be unreliable.

Five quality indicators had a relative standard error that was
too large or a sample size that was too small to be considered re-
liable. These 5 quality indicators were angiotensin-converting en-
zyme inhibitor use for patients with congestive heart failure, se-
lected antibiotic use for women with urinary tract infections,
avoiding antibiotic use for upper respiratory tract infections, diet
counseling to adolescents, and exercise counseling to adoles-
cents. Inhaled corticosteroid use for children and for adults were
reported separately in a previous article.'® To increase the sample
size, we combined the number of children and adults with asthma
receiving inhaled corticosteroids into a single indicator for this
analysis. This resulted in 17 reportable quality indicators.

We evaluated categorical variables with the x? test. We also
performed multivariable logistic regression modeling includ-
ing variables associated with EHR use at P<.10 and variables
previously hypothesized to be associated with the ambulatory
quality indicators (age, sex, and race'®). All analyses were per-
formed with SAS statistical software (version 9.1; SAS Insti-
tute, Cary, North Carolina), and SAS-callable SUDAAN soft-
ware (version 9.0.1; Research Triangle Institute). All P values
are 2-tailed, and P<<.05 was considered significant.

BN RESULTS e

EHR USE

During 2003 and 2004, there were 1.8 billion ambula-
tory visits (95% confidence interval [CI], 1.7-2.0 billion
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Table 1. Characteristics of Visits and Association
With Electronic Health Record (EHR) Use?
P
Characteristic Visits, % EHRs, % Value
Sex 42
Female 59 18
Male 41 19
Age, y .88
<18 19 18
18-44 27 18
45-64 29 18
=65 25 19
Race 14
White 85 18
Black 10 17
Other 5 26
Ethnicity .36
Latino 11 16
Non-Latino 89 18
Insurance .23
Private insurance 56 18
Medicare 23 19
Medicaid 10 14
Other 1 19
Physician specialty 44
Family practice 24 19
Internal medicine 18 18
Pediatrics 12 17
Surgery 17 20
Obstetrics and gynecology 8 13
Other 22 18
Region A7
Northeast 20 14
Midwest 21 25
South 38 16
West 21 20
Setting .25
Urban 87 19
Rural 13 14
Office type .20
Private solo or group 90 18
Free-standing clinic 6 17
Other 4 33
Solo practice .01
Yes 37 13
No 63 21
Physician employment status .003
Owner 76 16
Other (employee, contractor, other) 24 25
Practice ownership .003
Physician or physician group 87 17
HMO 2 60
Other health care corporation 4 36
Other 7 19
Electronic claim submission .08
Yes 79 19
No or unknown 21 14

Abbreviation: HMO, health maintenance organization.
aN=50574 health records.

visits) in the United States to non—federally funded, com-
munity, office-based physician practices. Electronic health
records were used in 18% of visits (95% CI, 15%-22%).
They were used in 16% of visits (95% CI, 13%-21%) in
2003 and 20% of visits (95% CI, 17%-24%) in 2004
(P=.14).

Electronic health record use was not associated with
patient age, sex, race, ethnicity, or insurance status
(Table 1) and did not differ by physician specialty or
office type. The use of EHRs was less common at visits
to solo practices (13%) vs nonsolo practices (21%; P=.01)
and in practices in which the physicians were the own-
ers (16%) vs those at which the physician was an em-
ployee, contractor, or had another employment status
(25%; P=.003). Similarly, EHR use was less common in
visits to practices owned by a physician or physician group
(17%) or other practice ownership (19%) vs those owned
by health maintenance organizations (60%) and other
health care corporations (36%; P=.003).

EHR USE AND AMBULATORY QUALITY

Among the 17 quality indicators, EHR use was associ-
ated with better performance on 2, similar performance
on 14, and worse performance on 1 (Table 2). Physi-
cians avoided prescribing benzodiazepines to patients with
depression at higher rates at visits associated with EHR
use (91%) vs without EHR use (84%; P=.01). Physi-
cians avoided routine urinalyses at routine general medi-
cal visits more commonly at visits with EHR use (94%)
than those without EHR use (91%; P=.003). Physicians
prescribed hydroxymethyl glutaryl coenzyme A reduc-
tase inhibitors (statins) less frequently to patients with
hyperlipidemia at visits associated with EHR use (33%)
vs without EHR use (47%; P=.01). In multivariable mod-
eling, the results were unchanged except that EHR use
was no longer associated with significantly less benzo-
diazepine prescribing to patients with depression (odds
ratio, 0.63; 95% CI, 0.33-1.18).

In a secondary analysis, limiting the analysis to visits
to physicians with a specialty of primary care or cardio-
vascular disease (n=18 798 patient records represent-
ing 1.0 billion visits [95% CI, 0.9-1.1 billion visits]), there
were no changes in the results except for the smoking
cessation counseling indicator. Primary care and cardio-
vascular disease physicians provided smoking cessation
counseling to adult smokers at general medical exami-
nation visits (n=1252 patient records representing 64 mil-
lion estimated visits) more frequently at visits associ-
ated with EHR use (39%; 95% CI, 29-49) vs without EHR
use (25%; 95% CI, 21-30; P=.03).

B COMMENT Sy

In a nationally representative survey, we found no con-
sistent association between EHR use and the quality of
ambulatory care. Our analysis updated and expanded the
analyses by Burt and Sisk'® and Burt and Hing'” who ex-
amined the use of computerized clinical support sys-
tems and EHRs in office practices throughout the United
States from 2001 to 2003, but they did not examine the
association between EHR use and the quality of ambu-
latory care. In our primary analysis, we found an asso-
ciation between EHR use and better quality for 2 of 17
quality indicators: avoiding benzodiazepine prescribing
to patients with depression and avoiding urinalysis test-
ing during general medical examinations. In a second-
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Table 2. Indicator Performance by Use of Electronic Health Records (EHRs)

Patient Estimated % (95% CI)
Records, Visits, No. in T ] P

Indicator No. Thousands EHR No EHR Value
Medical management of common diseases

Antithrombotic therapy for AF 368 10394 54 (36-71) 60 (52-68) .54

Aspirin use for CAD 1383 39438 45 (33-58) 40 (34-46) 46

-Blocker use for CAD 1308 37198 40 (28-52) 38 (32-44) .79

Diuretic and -blocker use for HTN 1512 76 330 64 (55-72) 60 (57-64) 48

Statin use 1274 66 081 33 (25-42) 47 (42-52) .01

IC use for asthma 716 39866 44 (30-60) 44 (37-50) 95

Treatment of depression 2491 67207 82 (71-89) 86 (83-88) 37

No benzodiazepine use for depression 1862 54018 91 (85-95) 84 (81-87) .01
Recommended antibiotic use

Selected antibiotic use for AOM 687 27376 68 (57-77) 67 (60-74) 92
Preventive counseling

Smoking 2310 96 350 30 (23-37) 23 (20-27) 12

Diet in high-risk adults 5044 220183 28 (22-37) 33 (29-37) .33

Exercise in high-risk adults 5044 220183 20 (15-27) 21 (18-25) .73
Screening tests

Blood pressure check 22770 956 167 68 (61-74) 71 (68-74) .35

No routine ECG 15414 622916 97 (95-98) 96 (95-97) .33

No routine urinalysis 16669 683113 94 (92-96) 91 (89-92) .003

No routine Hgb/Hct 17269 700434 86 (81-89) 86 (84-87) .95
Avoiding potentially inappropriate prescribing in elderly patients 8771 312395 93 (91-95) 93 (92-94) .89

Abbreviations: AF, atrial fibrillation; AOM, acute otitis media; CAD, coronary artery disease; CHF, congestive heart failure; Cl, confidence interval;
ECG, electrocardiogram; Hgb/Hct, hemoglobin/hematocrit; HTN, hypertension; IC, inhaled corticosteroids.

ary analysis, limited to primary care and cardiovascular
physicians, we found that smoking cessation counsel-
ing rates were higher at visits associated with EHR use.

Surprisingly, for 1 indicator, statin prescribing to pa-
tients with hyperlipidemia, we found that EHR use was
associated with worse quality. This contradicts the find-
ings of a previous study.*' The difference we found per-
sisted in multivariable modeling and, in supplementary
analyses, was not explained by differential coding of
hyperlipidemia or contraindications to statins in prac-
tices using EHRs. This finding, which is a cause for con-
cern, may be a result of statistical chance or unmea-
sured confounding and should certainly be evaluated in
future studies.

Electronic health records that include clinical deci-
sion support have been efficacious in improving quality
in previous studies, as supported by the recent Agency
for Healthcare Research and Quality systematic re-
view.”*!! There are several possible explanations why the
efficacy of EHRs has not translated into practice. First,
unlike the EHRs at benchmark institutions, the types of
EHRs that have been widely disseminated may be more
rudimentary, lacking clinical decision support, and not
focused on quality improvement. A recent report from
the NCHS found that only about 40% of physicians who
reported using an EHR in 2005 had all 4 of the mini-
mally necessary features of a “complete” EHR system (elec-
tronic prescription ordering, test ordering, results, and
physician clinical notes*?). Second, physicians may not
be using decision support even if it is available within
their EHR; in most US settings today there are few in-
centives to do so. Third, institutions involved in devel-
oping and evaluating EHRs might have other attributes

that allowed EHRs to be successful in changing quality,
such as improved implementation and support prac-
tices. Fourth, studies of the efficacy of HIT and EHRs may
have involved intensive focus on a restricted set of out-
comes that do not easily translate into real-world clini-
cal practice with its competing priorities.

Beyond the lack of association between EHR use and
quality, it is worth noting that the performance on most
indicators was suboptimal regardless of whether an EHR
was used. There was substantial room for improvement,
which increases the expectation that EHRs should be as-
sociated with better quality. Indeed, advanced EHRs with
integrated clinical decision support almost certainly rep-
resent part of the solution.’ Tools within EHRs that pro-
vide registry functions and support team care are also
needed. Financial incentives also may be useful. In the
United Kingdom, where EHR use in general practices is
nearly universal and approximately 20% of general prac-
tice income is based on quality performance, there was
dramatic improvement in quality across a large number
of measures.” Further improvement in health care qual-
ity will likely require a broader reinvention of health care,
including organizational change, a focus on disease pre-
vention, and the greater involvement of patients in their
own care.***

This analysis has several limitations that should be con-
sidered. First, despite the large total number of patient
records and estimated visits, the sample size was actu-
ally small for some of the quality indicators. This pre-
vented us from reporting on several quality indicators and
limited our ability to detect potential differences for other
quality indicators that had wide Cls. Despite this, there
does not seem to be a consistent trend even in the point
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estimates of the nonsignificant quality indicators. Sec-
ond, the NAMCS is dependent on physicians, office staff,
and census workers for the accurate coding of medica-
tions, diagnoses, and other components of the survey.

Third, the NAMCS is a cross-sectional survey, so one
cannot assume causality. For example, it is possible that
clinics with poorer quality have recently implemented
EHRs in an effort to improve quality. Also, because the
NAMCS s cross-sectional, it may be more difficult to dem-
onstrate improvements in quality, especially in regard to
screening and prevention. A longitudinal data source may
be better for showing an association between EHR use
and improved ambulatory quality for these types of mea-
sures. Fourth, although the results were unchanged using
multivariable modeling, the NAMCS may not include im-
portant negative confounders that obscured a true rela-
tionship between EHR use and improved ambulatory qual-
ity. However, in considering unmeasured confounding,
it seems more likely that there would have been unmea-
sured positive confounders (eg, clinics with adequate re-
sources to implement EHRs and quality improvement
strategies to keep quality high), yet we found no consis-
tent association between EHR use and ambulatory qual-
ity. Fifth, the definition of an EHR itself is a potential
limitation. Although the NCHS tested this term for un-
derstandability, clinics could report they are using an
EHR simply for prescribing functionality or simply as a
note-keeping function. Even though about 80% of EHRs
in medical group practices have drug interaction warn-
ings and about 65% contain clinical guidelines and pro-
tocols,*® we have no information on how many EHRs in
the present analysis had clinical decision support that
would be applicable to the quality indicators we exam-
ined. In the coming years, analysis of additional NAMCS
data, which should contain more granular information
about EHR capabilities, may shed light on associations
between specific EHR capabilities and ambulatory qual-
ity. Despite these limitations, the NAMCS is nationally
representative and is the best source of data to determine
if the use of EHRs, as presently implemented in the
United States, is associated with higher quality ambula-
tory care.

In summary, although HIT and EHRs can improve
quality, we found that EHR use was generally not asso-
ciated with improved quality of ambulatory care. Our find-
ings are not a refutation of previous studies. Rather, they
suggest that as EHR use broadens, one should not as-
sume an automatic diffusion of improved quality of care.
In selecting an EHR, physician practices should care-
fully consider the inclusion of clinical decision support
to facilitate quality care for individuals as well as the avail-
ability of tools, like quality reporting and registry func-
tions, to facilitate quality care for populations. Policy mak-
ers should consider steps to increase the likelihood that
further diffusion of EHR has the desired effect of im-
proving quality of care. Clinicians, health system lead-
ers, and researchers should continuously measure the
quality of medical care as EHR use expands.
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