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IMPORTANCE The US federal government is spending billions of dollars in physician incentives
to encourage the meaningful use of electronic health records (EHRs). Although the use of
EHRs has potential to improve patient health outcomes, the existing evidence has been
limited and inconsistent.

OBJECTIVE To examine the association between implementing a commercially available
outpatient EHR and emergency department (ED) visits, hospitalizations, and office visits for
patients with diabetes mellitus.

DESIGN, SETTING, AND POPULATION Staggered EHR implementation across outpatient clinics
in an integrated delivery system (Kaiser Permanente Northern California) between 2005 and
2008 created an opportunity for studying changes associated with EHR use. Among a
population-based sample of 169 711 patients with diabetes between 2004 and 2009, we
analyzed 4 997 585 person-months before EHR implementation and 4 648 572
person-months after an EHR was being used by patients’ physicians.

MAIN OUTCOMES AND MEASURES We examined the association between EHR use and
unfavorable clinical events (ED visits and hospitalizations) and office visit use among patients
with diabetes, using multivariable regression with patient-level fixed-effect analyses and
adjustment for trends over time.

RESULTS In multivariable analyses, use of the EHR was associated with a statistically
significantly decreased number of ED visits, 28.80 fewer visits per 1000 patients annually
(95% CI, 20.28 to 37.32), from a mean of 519.12 visits per 1000 patients annually without
using the EHR to 490.32 per 1000 patients when using the EHR. The EHR was also
associated with 13.10 fewer hospitalizations per 1000 patients annually (95% CI, 7.37 to
18.82), from a mean of 251.60 hospitalizations per 1000 patients annually with no EHR to
238.50 per 1000 patients annually when using the EHR. There were similar statistically
significant reductions in nonelective hospitalizations (10.92 fewer per 1000 patients
annually) and hospitalizations for ambulatory care–sensitive conditions (7.08 fewer per 1000
patients annually). There was no statistically significant association between EHR use and
office visit rates.

CONCLUSIONS AND RELEVANCE Among patients with diabetes, use of an outpatient EHR in an
integrated delivery system was associated with modest reductions in ED visits and
hospitalizations but not office visit rates. Further studies are needed to quantify the
association of EHR use with changes in costs.
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T he Health Information Technology for Economic and
Clinical Health Act authorizes up to $27 billion during
10 years to promote meaningful use of electronic health

records (EHRs),1 with penalties for lack of EHR use beginning
in 2015. With these substantial incentives, it is not surprising
that EHR adoption in the United States appears to be
increasing.2,3

Electronic health records increase access to timely and
complete patient information at the point of care, with poten-
tial to improve the quality and efficiency of care delivered, in-
cluding improved care coordination. Although EHRs have

also been proposed as a
mechanism for control-
ling health care costs,
these benefits have yet to
be consistently shown.4,5

With medical care for pa-
tients with chronic diseases representing 75% of US health care
costs6 and hospitalizations representing one-third of all US
health care expenditures,7 better management of chronic medi-
cal conditions such as diabetes represents one clinical area in
which improved care theoretically could reduce spending.

There is, however, limited and mixed evidence on the ef-
fect of EHRs on health outcomes or clinical events.8-14 Previ-
ous studies have not reported the effect of outpatient EHR use
on use of health care services, including downstream unfa-
vorable clinical events represented by emergency depart-
ment (ED) visits and hospitalizations. Studies of EHR effects
with rigorous design and controls are limited, and many stud-
ies have examined use of individual health information tech-
nology (IT) tools instead of the comprehensive functionality
required in current federally certified complete EHRs or meet-
ing minimum criteria for meaningful use.15

In this study, we examined the association between EHR
implementation and ED visits, hospitalizations, and office vis-
its among patients with diabetes. We took advantage of the
stepwise implementation of a commercially available and fed-
erally certified complete outpatient EHR across multiple prac-
tice sites within a large integrated health care delivery sys-
tem (IDS).

Methods
Setting
This study was conducted at Kaiser Permanente Northern Cali-
fornia, a large prepaid IDS, which provides comprehensive
medical care for more than 3 million members, including out-
patient, inpatient, ED, pharmacy, and laboratory services.16

The Kaiser Foundation Research Institute institutional re-
view board reviewed and approved the study protocol, waiv-
ing the requirement for informed consent.

Between 2005 and 2008, Kaiser Permanente Northern Cali-
fornia implemented a commercially available complete out-
patient EHR. The implementation schedule was staggered step-
wise across outpatient clinics at facilities within medical
centers.14 This provided the opportunity for a study design ex-
amining EHR use with adjustment for secular trends in dia-

betes care practice unrelated to the EHR. Although rollout of
the certified EHR was not randomly ordered, the sequence was
determined a priori and not systematically designed accord-
ing to the medical centers’ diabetes care quality or their abil-
ity to implement the EHR and did not coincide with any other
large systematic organizational changes.14

The outpatient EHR completely replaced the paper-
based medical record and a limited patchwork of preexisting
nonintegrated health IT tools. Use of those early health IT tools
was limited because paper-based alternatives were still in use.
The EHR is an EpicCare-based integrated health IT system that
increased the amount of information available at the point of
care, presenting integrated clinical information in an elec-
tronic medical record, with computer-based physician order
entry, diabetes-specific decision support for laboratory test-
ing and treatment intensification, and secure messaging ca-
pability. This system has been certified as a complete outpa-
tient EHR, thereby qualifying users who demonstrate
meaningful use of the EHR for federal payments.

Study Population and EHR Status
Our study population included all IDS members (>1 year old)
who were in the health plan diabetes clinical registry in the last
quarter of 2003. Our study period extended from 2004 to 2009,
spanning the EHR implementation timeline, and patients re-
mained in the study cohort unless they disenrolled from the
IDS or died.

We linked each patient in the study population to the medi-
cal facility where they sought care and defined a facility as using
the EHR once it was used for at least 80% of outpatient visits
in a given calendar month (generally within 1 month from ini-
tial implementation).

ED Visits, Hospitalizations, and Office Visits
We identified all ED visits, hospital stays, and office visits for
patients in the study population and constructed monthly
counts for each patient for each type of care throughout the
study period from 2004 to 2009. The study included office vis-
its with physicians, nurse practitioners, or physician assis-
tants of any specialty.

Among all hospitalizations, we categorized those that were
emergency or urgent as nonelective. We also categorized the
subset of all hospitalizations that were for ambulatory care–
sensitive conditions,17 including those specifically for a dia-
betes-related or cardiovascular condition,18 according to the
primary diagnosis for the hospitalization. We were not able to
categorize ED visits because there were changes in the diag-
nostic coding system used for them during our study obser-
vation period.

Statistical Analysis
We examined the change in the mean number of events (ED
visits, hospitalizations, or office visits) per patient in each
month after the EHR was implemented at the patient’s facil-
ity compared with before the EHR was implemented. A 2-tailed
significance level of .05 was used in all hypothesis tests.

As a guard against possible omission of unmeasured time-
stable confounders, we used a fixed-effect estimation strat-

EHR electronic health record

IDS integrated health care delivery
system

IT information technology
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egy (Stata xtreg, fe option), which is widely used in
econometrics19 and is an extension of change score analysis
that can be applied when there are repeated measurements per
patient. We applied a linear regression model with fixed ef-
fects at the patient level to analyze repeated monthly event
counts adjusting for seasonality with 11 indicator variables for
calendar month, and secular trend with a quadratic form for
the month (1-72) in the study period. Medical centers may vary
in their diabetes care practices or policies over time unre-
lated to the EHR. Therefore, we allowed medical center–
specific secular trends by including interaction terms be-
tween the medical center and trend. We calculated predicted
event rates for periods with and without the EHR, using the
coefficients from the regression model and treating all pa-
tients as if they were in the period with or without EHR, re-
spectively. We multiplied monthly per-patient findings by 12
to estimate annual effects.

We then repeated these analyses in the subset of hospi-
talizations that were nonelective, for ambulatory care–
sensitive conditions, or for cardiovascular- and diabetes-
related complications.

As a sensitivity analysis (results shown in the eAppendix
in the Supplement), we also used random-effect analyses (Stata
xtreg, re option), clustered at the patient level, adjusting for
the patient’s age, sex, race/ethnicity, neighborhood socioeco-
nomic status, baseline Diagnostic Cost Group risk score20 (with
interaction by Medicare insurance status), medical center, sea-
sonality (calendar month), and medical center–specific secu-
lar trend. We also repeated all the analyses only among the sub-
set of continuously enrolled patients (eAppendix). We found
similar results across the analytical approaches. All analyses
were implemented with Stata version 10.21

Results
Across the 45 facilities in the 17 medical centers, the study in-
cluded all 169 711 patients in the health plan’s clinical diabe-
tes registry at the beginning of our study period. Between 2004
and 2009, we analyzed 4 997 585 person-months before the
implementation of the outpatient EHR and 4 648 572 after-
ward. Late in the study period, the IDS also began to imple-
ment an ED and inpatient EHR at some study hospitals in medi-
cal centers that had already implemented the outpatient EHR.
However, in this study, only 2.3% of the outpatient EHR ob-
servation time was from patients who had also been hospital-
ized at a hospital that was using an inpatient EHR.

Baseline characteristics of the patient population are shown
in Table 1. Patients left the study cohort when they first dis-
enrolled from the IDS (mean, 4.9% per year) or died (mean,
2.6% per year). We used sensitivity analyses among patients
continuously enrolled in the study to confirm that attrition did
not significantly bias our results (eTable 1 in the Supple-
ment).

The study included 100 510 hospitalizations, 211 623 ED vis-
its, and 2 574 472 office visits before EHR implementation; our
study included 96 684 hospitalizations, 194 486 ED visits, and
2 412 882 office visits after the EHR was in use. Before EHR

implementation, there were 241 hospitalizations, 508 ED vis-
its, and 6182 hospitalizations per 1000 patients per year; after
the EHR was implemented, there were 250 hospitalizations,
502 ED visits, and 6229 office visits per 1000 patients per year.

In multivariable analyses, shown in Table 2, use of the EHR
was associated with a statistically significantly decreased rate
of ED visits. After use of the EHR, there were 28.80 fewer ED
visits (95% CI, 20.28 to 37.32) per 1000 patients per year. This
decline represents a 5.54% difference from a mean predicted
baseline rate of 519.12 ED visits per 1000 patients annually with-
out the EHR to 490.32 ED visits per 1000 patients with an EHR.

Use of the EHR was also associated with a significantly de-
creased overall rate of hospitalizations (eFigures 2-16 in the
Supplement). After use of the EHR, there were 13.10 fewer hos-
pitalizations (95% CI, 7.37 to 18.82) per 1000 patients annu-
ally, which was a 5.21% difference from a predicted baseline
mean rate of 251.60 hospitalizations per 1000 patients annu-
ally with no EHR to 238.50 hospitalizations per 1000 patients
annually with an EHR.

Table 1. Baseline Patient Characteristics of 169711 Adults With Diabetes
Mellitus as of December 2003 Within Kaiser Permanente Northern
California

Characteristica
No. (%) of Patients

(N = 169 711)

Age group, y

1-17 1189 (0.7)

18-29 3020 (1.8)

30-49 32 115 (18.9)

50-64 63 914 (37.7)

65-74 40 074 (23.6)

≥75 29 399 (17.3)

Male sex 88 523 (52.2)

Race/ethnicity

White/European 82 314 (48.5)

Black/African American 17 249 (10.2)

Hispanic 22 946 (13.5)

Asian/Pacific Islander 24 709 (14.6)

Other 6719 (4.0)

Unknown 15 774 (9.3)

Neighborhood SESb

Higher 120 116 (70.8)

Low 45 543 (26.8)

Unknown 4052 (2.4)

Existing chronic diseases

Hypertension 108 100 (63.7)

Coronary artery disease 28 533 (16.8)

Asthma 23 229 (13.7)

Chronic heart failure 13 470 (7.9)

Abbreviation: SES, socioeconomic status.
aAge calculated as of January 1, 2004, and chronic disease status assessed using
delivery system disease care registries at the end of 2003. All members with
Hispanic ethnicity are categorized as having Hispanic race/ethnicity.
bLow SES is defined with US 2000 census block groups, with 20% of residents
having household incomes below the federal poverty level or 25% of residents
aged 25 years without a high school diploma.
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There were 10.92 fewer nonelective hospitalizations (95%
CI, 6.48 to 15.48) per 1000 patients annually when the EHR was
in use. This was a 6.14% difference from a predicted baseline
mean rate of 177.84 hospitalizations per 1000 patients annu-
ally with no EHR to 166.80 hospitalizations per 1000 patients
annually with an EHR.

Hospitalizations specifically for ambulatory care–
sensitive conditions also declined significantly with EHR use,
a 10.50% difference from a mean of 67.44 hospitalizations per
1000 patients annually to 60.36 (difference of 7.08 visits per
1000 patients per year; 95% CI, 4.44 to 9.60). The EHR was not
associated with statistically significant differences in hospi-
talizations specifically for diabetes exacerbations, long-term
diabetes complications, or cardiovascular conditions. How-
ever, these events were rare, even in our large cohort (eTable
3 in the Supplement).

There was no statistically significant difference in office
visit rates with the implementation of an EHR (5.4 fewer of-
fice visits; 95% CI, −40.80 to 30.00) (Table 2). This represents
a 0.09% difference from a predicted baseline mean rate of
6207.12 office visits per 1000 patients annually with no EHR
to 6201.72 office visits per 1000 patients annually with an EHR.

Discussion
Across the staggered implementation of a commercially avail-
able certified outpatient EHR, we examined the association be-
tween EHR use and unfavorable clinical events and office visit
use in patients with diabetes. We found that use of the EHR
was associated with modestly lower rates of several unfavor-
able downstream clinical events that should be affected by bet-
ter initial care. Specifically, use of the EHR was associated with
statistically significantly fewer ED visits, hospitalizations for
any condition, nonelective hospitalizations, and hospitaliza-
tions for ambulatory care–sensitive conditions. In contrast, we
did not find that use of the EHR was associated with any sta-
tistically significant change in the rate of office visits among
our population of patients with diabetes.

Although the magnitude of the EHR-related associations
that we identified was modest, the association between EHR
use and hospitalizations was consistent when we examined
nonelective hospitalizations or the subset classified as non-
elective or as ambulatory care–sensitive conditions, indicat-
ing that EHR use may have widespread effect across condi-
tions. The rates of ED visits and hospitalizations in our study
population were comparable with national estimates among
patients with diabetes.22 Although we did not find statisti-
cally significant differences in event rates for diabetes or car-
diovascular-specific diagnoses, the adjusted association be-
tween EHR use and events in each of these subgroups was in
the same direction as in the main analysis across all diagno-
ses (eAppendix). Our ability to identify statistically signifi-
cant changes in these specific diagnosis groups was limited be-
cause these events were rare, even in our large cohort. None
of our analyses identified any significant adverse outcomes as-
sociated with EHR use, which contrasts with results of early
studies in different care settings that reported negative or
mixed effects of health IT use.10,11,23 Future studies should con-
tinue to carefully examine the potential for unintended con-
sequences of EHR implementation and should describe the lon-
ger-term effects of EHR use.

With ongoing federal incentive payments for meaningful use
of EHRs and financial penalties for lack of use beginning in 2015,
there has been an increase in adoption of EHRs in the United
States.3 These programs encourage EHR use with the goal of
gaining improved health care efficiency and care quality. Al-
though several previous studies have found improvements in
care processes for patients with diabetes associated with EHR
use,9-13,23 few have found EHR-related improvements in physi-
ologic outcomes such as glycemic or lipid control,24 and to our
knowledge no studies have reported effects of outpatient EHR
use on adverse health outcomes such as ED visits or hospital-
izations. Although the literature capturing care process im-
provements is important in understanding the pathways for EHR
effects, ultimately improvements in process measures matter
most to the extent that they lead to improvements in health out-
comes and reductions in unfavorable clinical events. Another
study14 in the same health care setting and patient population
as the current study found that EHR use was associated with
improvements in medication treatment intensification after el-
evated glycosylated hemoglobin or low-density lipoprotein lev-
els, rates of follow-up laboratory testing, and reductions in gly-
cosylated hemoglobin and low-density lipoprotein levels. That
study found that patients with poorer disease control experi-
enced greater benefit from EHR use. In this article, we extend
the evidence for EHR-related improvements in care delivery by
further describing statistically significant modest reductions in
downstream adverse health outcomes measured by ED visits
and hospitalizations.

EHR adoption has broad-reaching potential to affect health
care delivery across many conditions and clinical pathways.9,25

Beyond the specific set of improved diabetes care processes
examined in the earlier study,14 we hypothesize that EHR use
may also act through many other pathways for other condi-
tions to produce the overall reductions in ED visits and hos-
pitalizations that we found. These additional changes in care

Table 2. Association Between Electronic Health Record Use and Clinical
Events and Office Visits

Event

Predicted No. of Events
per 1000 Patients per Year

Adjusted Change in Events
per 1000 Patients per Yeara

No EHR EHR EHR vs No EHR (95% CI)

ED visit 519.12 490.32 −28.80 (−37.32 to −20.28)

Hospitalization 251.60 238.50 −13.10 (−18.82 to −7.37)

Nonelective
hospitalization 177.84 166.80 −10.92 (−15.48 to −6.48)

Hospitalization
for an ACSC 67.44 60.36 −7.08 (−9.60 to −4.44)

Office visit 6207.12 6201.72 −5.40 (−40.80 to 30.00)

Abbreviations: ACSC, ambulatory care–sensitive condition; ED, emergency
department; EHR, electronic health record.
aModel: linear regression with patient-level fixed effect, adjusted for seasonality
and medical specific secular trend. We calculated predicted event rates for the
period with and without the EHR, using the coefficients from the regression
model and treating all subjects as if they were in the period with and without
EHR, respectively. We multiplied monthly per-patient findings by 12 to estimate
annual effects.
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delivery may come through mechanisms similar to those that
led to improvements in glycemic and lipid control, such as
through other types of laboratory tests and prescribing. There
are also likely many additional ways that EHRs help physi-
cians and patients avoid clinical events, including improving
access to accurate clinical information at the point of care, elec-
tronic order entry, or electronic communication between mem-
bers of the health care team and with patients.10,26 Because a
complete EHR system like the one we studied can be used in
numerous ways to manage patients with diabetes, including
many with multiple conditions, we believe that our finding of
reduced ED visits and hospitalizations may represent not just
improvements in diabetes care but also the cumulative effect
of the EHR across many different care pathways and condi-
tions. Also, our study found EHR-related improvement in care
quality and outcomes without changes in office visit rates,
which may reflect greater efficiency during visits or care de-
livery between visits. Future studies should continue to ex-
amine the detailed workflow and communication changes as-
sociated with EHR use to better understand the many ways the
EHRs affect health care delivery.

Although a complete analysis of the cost influence of EHR
use was beyond the scope of our study, we provide a simple
translation of event rates to dollars by using standard unit costs.
Nationally, the mean cost of a hospitalization in 2009 was
$9200,27 and the mean cost of an ED visit was $1318.28 We ap-
plied the predicted change in these events identified in our
study, multiplying the mean costs with 13.10 fewer hospital-
izations per 1000 patients and 28.80 fewer ED visits per 1000
patients. Together, these amount to a reduction in ED and in-
patient care costs for patients with diabetes of $158 478 an-
nually per 1000 patients. This translation of event rates into
dollars is not an analysis of the effect of EHR use on health care
costs and does not include improvements in guideline-
recommended laboratory monitoring and prescription drug
treatment identified in our previous study, the cost implica-
tions of any other EHR-related changes in care delivery, or the
resources needed to purchase, implement, and maintain an
EHR across a practice, including for patients without diabe-
tes. Still, the estimated reductions in ED visits and hospital-
izations that we identified for patients with diabetes may have
potential to affect ED and hospitalization costs.

In studying associations with EHR use through an obser-
vational study, it is important to disentangle any changes as-
sociated with the EHR itself from ongoing noise of secular

changes in clinical practice or operational policy. Our analy-
sis was designed to isolate differences in event rates attribut-
able specifically to the outpatient EHR implementation from
the influence of any baseline tools or programs and from the
many ongoing changes in practice patterns and event rates dur-
ing our study that were unrelated to EHR implementation. Al-
though our study was designed to capture the association be-
tween EHR use and event rates across the IDS as a whole,
specific experiences varied across the 17 medical centers in-
cluded in our study and not all centers experienced a decline
in their event rates after the EHR implementation (eFigures 2-16
in the Supplement). This study design allowed for rigorous con-
trols and adjustment for background secular time trends in
event rates during the study period. However, because this is
an observational study and the magnitude of our findings is
modest, we cannot rule out unmeasured confounding. Still,
our analytic approach focusing on comparisons of within-
patient event rates helps to minimize confounding from time-
stable characteristics, and our findings were robust across sen-
sitivity analyses using different analytic models.

Although our study identified statistically significant re-
ductions in hospitalizations and ED visits associated with EHR
use, the magnitude of these reductions may be limited by sev-
eral characteristics of the study setting. A limited set of non-
integrated health IT tools was available to physicians along with
traditional paper-based systems before EHR implementa-
tion; these baseline tools collectively would not have met fed-
eral EHR certification criteria. At baseline the study delivery
system also already used chronic disease registries to de-
velop programs to manage diabetes and other chronic condi-
tions. It is possible that EHR-associated effects are different
in other settings, including different delivery systems and prac-
tices that do not use any health IT before EHR implementa-
tion or depend on EHR-generated data to develop these ef-
forts to improve care quality.

Conclusion
Overall, we found that among patients with diabetes, use of
an outpatient EHR in an integrated delivery system was asso-
ciated with modest reductions in ED visits and hospitaliza-
tions but was not associated with a statistically significant
change in office visit rates. Further studies are needed to quan-
tify the association of EHR use with changes in costs.
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