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Background: Physicians can receive federal payments for meaning-
ful use of complete certified electronic health records (EHRs). Evi-
dence is limited on how EHR use affects clinical care and outcomes.

Objective: To examine the association between use of a commer-
cially available certified EHR and clinical care processes and disease
control in patients with diabetes.

Design: Quasi-experimental design with outpatient EHR implemen-
tation sequentially across 17 medical centers. Multivariate analyses
adjusted for patient characteristics, medical center, time trends, and
facility-level clustering.

Setting: Kaiser Permanente Northern California, an integrated de-
livery system.

Patients: 169 711 patients with diabetes mellitus.
Intervention: Use of a commercially available certified EHR.

Measurements: Drug treatment intensification and hemoglobin A, .
(HbA, ) and low-density lipoprotein cholesterol (LDL-C) testing and
values.

Results: Use of an EHR was associated with statistically significant
improvements in treatment intensification after HbA, . values of 9%
or greater (odds ratio, 1.10 [95% CI, 1.05 to 1.15]) or LDL-C
values of 2.6 to 3.3 mmol/L (100 to 129 mg/dL) (odds ratio, 1.06

[Cl, 1.00 to 1.12]); increases in 1-year retesting for HbA,. and
LDL-C levels among all patients, with the most dramatic change
among patients with the worst disease control (HbA, levels =9%
or LDL-C levels =3.4 mmol/L [=130 mg/dL]); and decreased 90-
day retesting among patients with HbA,_ levels less than 7% or
LDL-C levels less than 2.6 mmol/L (<100 mg/dL). The EHR was
also associated with statistically significant reductions in HbA,. and
LDL-C levels, with the largest reductions among patients with the
worst control  (0.06-mmol/L [2.19-mg/dL] reduction among
patients with baseline LDL-C levels =3.4 mmol/L [=130 mg/dL];
P < 0.001).

Limitation: The EHR was implemented in a setting with strong
baseline performance on cardiovascular care quality measures.

Conclusion: Use of a commercially available certified EHR was
associated with improved drug treatment intensification, monitor-
ing, and physiologic control among patients with diabetes, with
greater improvements among patients with worse control and less
testing in patients already meeting guideline-recommended glyce-
mic and lipid targets.

Primary Funding Source: National Institute of Diabetes and Diges-
tive and Kidney Diseases.
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he use of electronic clinical information holds promise

for improving the quality and efficiency of medical
care. Federal incentives for meaningful use of certified elec-
tronic health records (EHRs), which total $29 billion, can
be as much as $44 000 per physician, and financial penal-
ties for lack of certified EHR use will begin in 2015 (1).
Before these incentives came into effect, adoption of EHRs
in the United States had been slow (2).

In theory, an EHR increases the availability of clinical
information and facilitates decision making at the point of
care. However, the actual effects on clinical care are con-
troversial, with recent studies and reviews finding mixed
effects of outpatient EHR implementation (3—8). Previous
studies have primarily focused on individual health infor-
mation technology (IT) functions or partial EHR systems.
Rigorously designed, large-scale studies on the longitudinal
effects of a fully integrated, commercially available com-
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plete outpatient EHR system on chronic disease care and
clinical outcomes are lacking.

We studied the association between implementing a
commercially available outpatient EHR and clinical care
pathways and outcomes in patients with diabetes mellitus.
Our study took advantage of a natural experiment created
by the staggered implementation of a certified EHR system
over 17 medical centers in a large integrated delivery sys-
tem (IDS). We hypothesized that the EHR would improve
rates of outpatient monitoring and drug treatment intensi-
fication based on evidence-based guidelines, and we exam-
ined the effect of the EHR on disease control outcomes
linked with these care processes.

MEeTHODS
Setting

This study was conducted at Kaiser Permanente
Northern California, a large, prepaid IDS providing com-
prehensive medical care for more than 3 million members,
including outpatient, inpatient, emergency department,
pharmacy, and laboratory services (9).

Between 2005 and 2008, Kaiser Permanente Northern
California implemented a commercially available outpa-
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tient certified EHR. The implementation was staggered
across 17 medical centers with 45 facilities (Figure), pro-
viding both a quasi-experimental setting to examine the
EHR effects as well as concurrent controls to adjust for
secular trends in diabetes care practice unrelated to the
EHR. Although rollout of the certified EHR was not ran-
dom, the sequence was not systematically designed accord-
ing to the ability of the medical centers to implement the
EHR and did not coincide with any other large systematic
organizational changes. We confirmed that there was no
statistically significant association between the order of
EHR implementation and the mean hemoglobin A,.
(HbA,) level of patients at each medical center before
implementation (P = 0.61) (Appendix Figure, available at
www.annals.org).

The outpatient EHR completely replaced the paper-
based medical record and a limited patchwork of preexist-
ing 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 (Epic Systems,
Verona, Wisconsin) integrated health IT system that in-
creased the amount of information available at the point of
care, presenting integrated clinical information in an elec-
tronic medical record with comprehensive computer-based
provider order entry, diabetes-specific decision support for

Context

Not enough is known about the effect of electronic health
records (EHRs) on outpatient care.

Contribution

While a health care system sequentially introduced an EHR
into multiple outpatient practices, researchers compared
patients with diabetes before and after each introduction
and found improvements in monitoring, treatment, glu-
cose control, and cholesterol levels.

Caution

Observational studies cannot establish cause and effect.

Implication

Use of a commercially available EHR was associated with
better care and better intermediate outcomes for outpa-
tients with diabetes.

—The Editors

laboratory testing and treatment intensification, and secure
messaging between providers and with patients. This sys-
tem has been certified as a complete EHR, thereby quali-
fying for federal “meaningful use” payments.

Figure. Staggered EHR implementation by medical center: quasi-experimental study with concurrent controls.
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This figure shows the schedule of staggered outpatient EHR implementation across all study medical centers during the study period (2004-2009; dark
shade) and the number of study patients at each medical center. After implementation, the EHR completely replaced the paper medical chart and a
limited patchwork of preexisting nonintegrated health information technology tools. Use of those early health information technology tools was limited
because paper-based alternatives were still in use. EHR = electronic health record.
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Study Population and Data

Our study population included all IDS members (aged
>1 year) who were in the diabetes clinical registry of the
health plan as of the last quarter of 2003. Members left the
study cohort when they first disenrolled from the IDS (av-
erage, 4.9% per year) or died (average, 2.6% per year). We
used sensitivity analyses among continuously enrolled pa-
tients to confirm that attrition did not bias our results
(Appendix Tables 1 to 4, available at www.annals.org). All
study data were identified using IDS laboratory test, out-
patient pharmacy, and administrative databases.

HbA,. and Low-Density Lipoprotein Cholesterol Tests
and Treatment Intensification

We focused on 2 clinical measures: glycemic control
(as measured by HbA,_ level) and low-density lipoprotein
cholesterol (LDL-C) level. Using all tests from 2004 to
2009, we defined the time between any given test (“index
test”) and the subsequent test (retest interval) for each
patient.

For all HbA,_ or LDL-C testing intervals, we defined
whether each interval’s index test was followed by a treat-
ment intensification using criteria that have been described
previously (10) and are summarized below. Because adjust-
ments in insulin were difficult to identfy in pharmacy
data, we excluded HbA, _ tests for patients receiving insulin
within 1 year before the test when examining treatment
intensification. For LDL-C tests, we excluded patients
from analyses of treatment intensification once they re-
ceived a high-dose, high-potency statin (for example, sim-
vastatin, 80 mg; atorvastatin, 80 mg; or rosuvastatin, 40
mg) because there is uncertainty about incremental benefit
of further lipid-lowering treatment intensification (11).

To define treatment intensifications, we compared anti-
diabetic or lipid-lowering drugs dispensed within 180 days
before a given index test with those dispensed within 60
days after the test (or until the next test if the interval was
<60 days). We defined patients as having a treatment
change if any of the following occurred in their diabetes or
cholesterol medication treatments between the pre- and
posttest periods: an increase in the number of drug classes,
an increase in daily dosage of an ongoing drug, a switch to
a drug in the same class with increase in bioequivalent dose
category, a switch to another drug from a distinct class
without decrease in number of classes, or the addition of
insulin (for HbA, _ analyses).

HbA,. or LDL-C Value

To determine the effect of the EHR on HbA,_ and
LDL-C values, we examined all HbA,_and LDL-C values
in our study cohort. To examine differences in the effect of
the EHR across different levels of control, we categorized
patients by their baseline value before the beginning of our
study (last value in 2003). Only patients with a baseline
value were included in this analysis of test values (88% had
a baseline HbA,_ value, and 85% had a baseline LDL-C

value).
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Statistical Analysis

We linked each patient to the medical facility where
they sought care and defined each patient’s tests according
to whether the EHR was in use at their facility at the time
of the test. We defined a facility as using the EHR once it
was used for at least 80% of outpatient visits in a given
calendar month. All analyses were implemented using
Stata, release 10 (StataCorp, College Station, Texas) (12).

We used multivariate logistic regression to examine
the association between EHR and treatment intensifica-
tion, with interaction terms for EHR status and test value
to allow for potentially different EHR effects by index
level. We used a 2-level, model-based analysis in which
intensification opportunities were clustered within facilities
using a marginal (population-averaged) approach, and we
corrected the SEs to account for multiple tests per facility
(Stata logistic command, cluster option; see the Supple-
ment, available at www.annals.org, for additional detail).

We examined the association between EHR use and
retesting intervals of 90 days and 1 year by using multivar-
iate logistic regression with interaction terms to allow for
potentially different EHR effects by index level and cor-
rected all SEs to account for multiple tests per facility
(Stata logistic command, cluster option) (13). We chose
these time intervals because the American Diabetes Associ-
ation recommends quarterly retesting of patients who do
not meet treatment goals (14) and because Healthcare Ef-
fectiveness Data and Information Set quality measures in-
clude annual HbA,_and LDL-C tests. We also used a Cox
proportional hazards survival analysis stratified by the in-
dex test level to examine overall time to retest.

All models were adjusted for patient age, sex, race or
ethnicity, neighborhood socioeconomic status (low socio-
economic status was defined as 20% of residents having
household incomes below the federal poverty level or 25%
of residents aged =25 years having less than a high school
education, based on U.S. census block group data from the
2000 census), comorbid conditions (based on IDS clinical
registries for asthma, coronary artery disease, hypertension,
and congestive heart failure), medical center, and back-
ground temporal trends (indicators for year and month).
Models examining treatment intensification were also ad-
justed for drug adherence history (having enough medica-
tion to cover =80% of the year before the test).

To examine the association between EHR use and
follow-up HbA, . and LDL-C values, we used linear regres-
sion models with fixed effects at the patient level, an ap-
proach commonly used in the econometrics literature (15)
(see the Supplement for additional detail), while adjusting
for calendar quarter and calendar year (Stata xtreg com-
mand, fe option). We examined the effect of the EHR
separately for patients with different levels of baseline
HbA, . or LDL-C control. For each patient, we classified
the first test after EHR implementation as having been
done during the process of transition to the EHR because
it probably captured effects of treatment decisions that

www.annals.org
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Table 1. Baseline Patient Characteristics

Characteristic Patients, n (%)

Age*
1-17y 1189 (0.7)
18-29 y 3020 (1.8)
3049y 32 115 (18.9)
50-64 y 63914 (37.7)
65-75y 40 074 (23.6)
=75y 29399 (17.3)

Male 88523 (52.2)

Race/ethnicity

White/European 82 314 (48.5)
Black 17 249 (10.2)
Hispanict 22 946 (13.5)
Asian/Pacific Islander 24709 (14.6)
Other 6719 (4.0)
Unknown 15774 (9.3)
Neighborhood socioeconomic status
High 120 116 (70.8)
Low 45 543 (26.8)
Unknown 4052 (2.4)

Existing chronic diseases+
Asthma
Coronary artery disease
Chronic heart failure
Hypertension

23229 (13.7)

28533 (16.8)

13 470 (7.9)
108 100 (63.7)

* As of 1 January 2004.

1 All members with Hispanic ethnicity are categorized as having Hispanic race/
ethnicity.

¥ Assessed using integrated delivery system disease care registries at the end of
2003.

were based on the previous test value obtained before EHR
implementation. We defined each patient’s second and
subsequent values after EHR implementation as being
post-EHR follow-up values. This allowed for the patient to
be fully exposed to the EHR and its potential effect on
treatment and follow-up pathways (for example, index
test; potential treatment intensification, if needed; and
follow-up test).

The Kaiser Foundation Research Institute Institu-
tional Review Board reviewed and approved the study pro-
tocol. Waiver of informed consent was obtained because of
the nature of the study.

Role of the Funding Source

This study was funded by the National Institute of
Diabetes and Digestive and Kidney Diseases. The funding
source had no role in the design, conduct, or reporting of
this analysis or in the decision to submit the manuscript for
publication.

REesuLTS

Our study included 169 711 patients in the health plan’s
clinical diabetes registry at the end of 2003 (Table 1). During
the study period (2004-2009), these patients had a total of
1372735 HbA,_ and 1268 086 LDL-C tests (Appendix
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Table 5, available at www.annals.org); 47.3% of HbA,_
and 45.3% of LDL-C tests were done after implementa-
tion of the certified EHR.

Treatment Intensification

There were 972 115 HbA, . tests among 129 433 pa-
tients not receiving insulin and 1095991 LDL-C tests
among 151 838 patients not already receiving a high-dose,
high-potency statin. Before EHR implementation, 24.0%
of HbA,_ tests with results between 7% and 8.9% and
42.9% of HbA,_ tests with results of 9% or greater were
followed by treatment intensification within 60 days,
whereas 20.2% of LDL-C tests with results of 2.6 to 3.3
mmol/L (100 to 129 mg/dL) and 29.5% of LDL-C tests
with results of 3.4 mmol/L or greater (=130 mg/dL) were
followed by treatment intensification within 60 days (Ap-
pendix Table 6, available at www.annals.org).

Table 2 shows the predicted probability of treatment
intensification within 60 days by index HbA,_ or LDL-C
level, both before and after the EHR was implemented. In
multivariate analyses, the EHR was associated with a sta-
tistically significant (2 < 0.001) increase in treatment in-
tensification for HbA,_ test results of 9% or greater (odds
ratio [OR], 1.10 [95% CI, 1.05 to 1.15]) and results of
7% to 8.9% (OR, 1.12 [CI, 1.06 to 1.18]). The EHR did
not statistically significantly affect treatment intensification
likelihood for HbA,_ values less than 7% (OR, 0.98 [CI,
0.94 to 1.02]; P = 0.29). Similarly, the EHR was associ-
ated with a statistically significant increase in treatment
intensification for LDL-C test values of 2.6 to 3.3 mmol/L
(100 to 129 mg/dL) (OR, 1.06 [CI, 1.00 to 1.12]; P =

Table 2. Association Between EHR and Treatment
Intensification Within 60 Days, by Index HbA,_ or LDL-C
Level*

Predicted Treatment
Probability of Intensification,

Index Test Level

Treatment EHR vs. No EHR:
Intensification OR (95% Cl)
Within
60d, %
No EHR EHR
HbA,,
<7% 4.8 4.7 0.98 (0.94 to 1.02)
7%—-8.9% 243 264 1.12(1.06 to 1.18)
=9% 43.4 45.6 1.10(1.05 to 1.15)
LDL-C
<2.6 mmol/L (<100 mg/dL) 4.8 4.2 0.88(0.821t00.94)
2.6-3.3 mmol/L (100-129 mg/dL) 19.4 204 1.06 (1.00to 1.12)
=3.4 mmol/L (=130 mg/dL) 28.6 28.0 0.97(0.91to 1.04)

EHR = electronic health record; HbA, = hemoglobin A,; LDL-C = low-
density lipoprotein cholesterol; OR = odds ratio.

* Logistic regression with an interaction between EHR status and index HbA, _ or
LDL-C level, adjusted for calendar month and year; medical center; and patient
characteristics, including drug adherence history, age, sex, neighborhood socioeco-
nomic status, race or ethnicity, and other chronic conditions and with SEs adjusted
for clustering at the facility level by using the Stata logistic command with the
cluster option.
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Table 3. Association Between EHR and Time to HbA,. and LDL-C Follow-up Retesting, by Index HbA, . or LDL-C Level

Index Test Level Predicted Probability of Retest, %* Overall Time to Retest:

HR (95% Cht

Within 1y Within 90 d

No EHR EHR OR (95% ClI) No EHR EHR OR (95% ClI)

HbA,,
<7% 85.2 867  118(1.05t01.34)  16.0 146  090(0.85t00.90)  1.01(0.97 to 1.04)
7%-8.9% 87.0 889  134(117t0154) 246 25.2 1.04 (0.96t01.04)  1.08 (1.04t01.13)
=9% 835 867  140(1.19t01.66)  27.5 283  1.04(0.97t01.04)  1.13 (1.08 to 1.20)
LDL-C
<2.6 mmol/L (<100 mg/dL) 86.1 879  114(1.01t0129) 166 150  0.88(0.83t00.88)  0.99 (0.95 to 1.03)
2.6-3.3 mmol/L (100-129 mg/dL)  90.6 9228  121(1.07t0137) 249 256  1.04(0.97t01.04)  1.07 (1.03 to 1.11)
=3.4 mmol/L (=130 mg/dL) 86.2 89.7  130(1.15t01.48)  26.0 270  1.05(0.99t01.05)  1.10(1.06 to 1.16)

EHR = electronic health record; HbA, = hemoglobin A, ; HR = hazard ratio; LDL-C = low-density lipoprotein cholesterol; OR = odds ratio.

* Retests within 1y and 90 d were analyzed using logistic regression with an interaction between EHR status and index HbA,_ or LDL-C level, adjusted for calendar month
and year; medical center; and patient characteristics, including treatment intensification, age, sex, neighborhood socioeconomic status, race or ethnicity, and other chronic
conditions and with SEs adjusted for clustering at the facility level by using the Stata logistic command with the cluster option.

T Overall time to retest was analyzed using the time between any given test (index test) and the subsequent test (retest). We used a Cox model stratified by index HbA, _ or
LDL-C level, with an interaction between EHR status and index HbA|_ or LDL-C level, adjusted for calendar month and year; medical center; and patient characteristics,
including treatment intensification, age, sex, neighborhood socioeconomic status, race or ethnicity, and other chronic conditions and with SEs adjusted for clustering at the

facility level.

0.036), but there was no statistically significant change in
treatment intensification for values of 3.4 mmol/L or
greater (=130 mg/dL) (OR, 0.97 [CI, 0.91 to 1.04]; P =
0.46). With the EHR, the likelihood of treatment intensi-
fication after LDL-C values less than 2.6 mmol/L (<100
mg/dL) decreased significantly (OR, 0.88 [CI, 0.82 to
0.94]; P < 0.001).

Time to HbA,. or LDL-C Retest

Before EHR implementation, 20.7% of HbA,_ tests
were followed by another test within 90 days and 87.9%
were followed by another test within 1 year, whereas
21.0% of LDL-C tests were followed by another test
within 90 days and 86.3% were followed by another test
within 1 year (Appendix Table 6).

In multivariate analyses, the EHR was associated with
a statistically significantly increased probability of having a

follow-up test within 1 year across all levels of HbA,_ and
LDL-C (P < 0.050) (Table 3). In analyses specifically ex-
amining retesting within 90 days (Table 3), the EHR was
associated with a statistically significantly decreased likeli-
hood of retesting within 90 days if the index result already
showed good control (P < 0.005). Also, the EHR was
associated with a statistically significantly overall faster rate
of retesting after elevated HbA, . or LDL-C levels (P <
0.001), with larger increases in the rate of testing with
higher index test values (Table 3).

HbA,. and LDL-C Values

Table 4 shows the association between EHR use and
follow-up HbA,. and LDL-C values. Across all baseline
HbA,_ and LDL-C levels, the EHR was associated with
statistically significantly reduced follow-up values (P <
0.001), with greater reductions among patients with higher

Table 4. Association Between EHR and Follow-up HbA,  and LDL-C Values

Baseline Test Value* EHR Status
HbA,
<7% EHR vs. no EHR
7%-8.9% EHR vs. no EHR
=9% EHR vs. no EHR
LDL-C

<2.6 mmol/L
[<100 mg/dL]

2.6-3.3 mmol/L
[100-129 mg/dL]

=3.4 mmol/L
[=130 mg/dL]

EHR vs. no EHR

EHR vs. no EHR

EHR vs. no EHR

Average Change (95% CI)

—0.045% (—0.054% to —0.036%)
—0.079% (—0.092% to —0.065%)
—0.143% (—0.180% to —0.106%)

—0.019 mmol/L (—=0.025 to —0.012 mmol/L)
[-0.721 mg/dL (—0.986 to —0.456 mg/dL)]
—0.037 mmol/L (—0.046 to —0.028 mmol/L)
[—1.435 mg/dL (=1.770 to —1.100 mg/dL)]
—0.057 mmol/L (—=0.071 to —0.042 mmol/L)
[-2.189 mg/dL (—2.741 to —1.637 mg/dL)]

EHR = electronic health record; HbA, . = hemoglobin A, ; LDL-C = low-density lipoprotein cholesterol.

* Baseline test value was defined as the last measure in 2003 (before the study period). These analyses excluded patients with no baseline measurement. EHR is defined after
the second post-EHR test for each patient because the post-EHR treatment patterns would probably not be experienced by the patient until after his or her first post-EHR
measurement is available. The models are separate multivariate linear regressions based on baseline HbA|_ or LDL-C value with a fixed effect at the patient level (using the
Stata xtreg command with the fe option), adjusted for calendar quarter and calendar year.
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baseline values. Among patients with a baseline HbA, .
value of 9% or greater, the EHR was associated with a
decrease of 0.14% in the HbA,_. value (CI, 0.11% to
0.18%). Reductions were 0.08% (CI, 0.07% to 0.09%) for
patients with baseline HbA,_ values of 7% to 8.9% and
0.05% (CI, 0.04% to 0.05%) for those with baseline val-
ues less than 7%.

Among patients with an LDL-C value of 3.4 mmol/L
or greater (=130 mg/dL), use of the EHR was associated
with a decrease of 0.06 mmol/L (2.19 mg/dL) (CI, 0.04 to
0.07 mmol/L [1.64 to 2.74 mg/dL]). Among those with an
LDL-C value of 2.6 to 3.3 mmol/L (100 to 129 mg/dL),
there was a reduction of 0.04 mmol/L (1.44 mg/dL) (CI,
0.03 to 0.05 mmol/L [1.10 to 1.77 mg/dL]). For those
with an LDL-C value less than 2.6 mmol/L (<100 mg/
dL), there was a reduction of 0.02 mmol/L (0.72 mg/dL)
(CL, 0.01 to 0.03 mmol/L [0.46 to 0.99 mg/dL]).

DiscussioN

In a study of the natural experiment involving the
staggered implementation of an outpatient certified EHR,
we found that EHR use was associated with improved rates
of medication treatment intensification, follow-up moni-
toring, and glycemic and lipid control in patients with
diabetes. We found that the EHR-associated improve-
ments were greater among patients with worse disease con-
trol than among those already with good control, which is
consistent with thoughtful clinical decision making. For
example, patients with diabetes who were in poorer control
received follow-up HbA,. and LDL-C tests faster, and
these values showed a statistically significant improvement.
For patients already meeting recommended glycemic and
lipid control targets, EHR use was associated with lower
rates of testing, as defined by reductions in repeated testing
within 90 days.

The EHR helped alignment with quality measures and
clinical guidelines for treatment. Increases in information
availability, decision support, and order entry functionality
helped clinicians to better target retesting. When we exam-
ined yearly retesting, the threshold measured by the
Healthcare Effectiveness Data and Information Set (13) for
all patients with diabetes, we found that the EHR was
associated with increased testing across all baseline HbA, .
and LDL-C levels. The EHR was associated with a de-
crease in 90-day retesting among patients already under
control, which may represent a decrease in potential over-
testing. A study in the same IDS showed that treatment
intensification is an important process measure of care
quality (13). Our study shows that the EHR was associated
with treatment intensification among patients with ele-
vated HbA, _ levels and LDL-C levels of 2.6 to 3.3 mmol/L
(100 to 129 mg/dL) and that their laboratory values im-
proved accordingly. Of interest, however, although the
EHR did not change treatment intensification rates among
patients with the highest LDL-C levels, it was statistically
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significantly associated with reductions in follow-up
LDL-C values. It is possible that the EHR had other ef-
fects, including helping to improve patient adherence to
existing medications.

Our findings, which are consistent across many steps
in the care pathway and are proportional to clinical risk
levels, suggest actual improvements in the clinical care of
patients with diabetes. These early effects on linked care
processes and patient outcomes also suggest the potential
for future downstream improvements in major clinical
event rates and health. The lack of any measurable unin-
tended harm in the outcomes for this study is also impor-
tant because implementation of an EHR could worsen as
well as improve care (3). Further monitoring is important
to identify other potential unintended consequences of any
EHR implementation. The introduction of federal finan-
cial penalties in 2015 underscores the importance of dem-
onstrating whether the initial EHR effects are positive.

Our findings provide an important contribution to
previous evidence by examining targeted, clinically relevant
process measures associated with the implementation of a
complete certified EHR in a large patient population by
taking advantage of a rigorous quasi-experimental design.
Many previous studies involving health IT interventions
and diabetes management were limited by small sample
sizes or use of only specific health IT features rather than
evaluation of a complete EHR system (as required by def-
initions of “meaningful use”) or were cross-sectional and
did not adequately adjust for secular trends in diabetes care
(3, 5, 8 11, 16-19). Results from these studies were
mixed, with some showing improvements in LDL-C and
HbA,. screening and outcomes (8) and others showing
mixed or even negative results (16—21). To our knowledge,
no studies have examined the effect of EHR use on treat-
ment intensification or the targeted effect by disease sever-
ity (3, 5, 8, 11, 16-19). This is a critical policy area that
needs more and better evidence.

Although our finding of the targeted effect of the EHR
among patients with the greatest clinical need is important,
the magnitude of the improvement itself may seem mod-
est. Our analysis focused specifically on the incremental
benefit associated with the direct clinical use of the com-
plete outpatient EHR system and was designed to exclude
the secular trend of any other ongoing programs or im-
provements in diabetes management. Although the IDS in
this study already had high levels of baseline diabetes care
quality and there was an overall trend toward improvement
in quality during our study period, we isolated only those
improvements specifically associated with EHR use.

There are several limitations to the generalizability of
our findings. In studies of the effect of EHRs on clinical
care, the baseline level of care quality and clinical informa-
tion availability are important. Because this study was con-
ducted within a large IDS with a clinical diabetes registry
and sophisticated and systematic disease management pro-
grams at baseline, our findings may not necessarily gener-
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alize directly to EHR use in other health care settings. The
overall EHR effects were favorable and statistically signifi-
cant, but as expected, their magnitude was not identical
across medical centers. Still, a recent review did not find
differences between the effects of EHRs among single-
institution studies at health IT leaders and EHRs imple-
mented in other settings (3). It is likely that EHR imple-
mentation could bring more dramatic improvements in
other settings, where baseline rates of control are lower or
disease management capabilities are more limited. Provid-
ers already had access to a patchwork of nonintegrated
health IT applications at baseline, with separate logins and
lack of information sharing between applications. These
applications would not qualify for EHR certification.
Again, in another care setting without baseline availability
of limited health IT, it is possible that an even greater
improvement in diabetes care quality might follow imple-
mentation of an integrated EHR. Also, although we used a
rigorous quasi-experimental study design with concurrent
controls, we cannot rule out unmeasured confounding be-
cause this is an observational study. Finally, although the
outcomes examined in this study are widely used popula-
tion measures of diabetes quality, individualized goals of
patient treatment may vary. Future studies should continue
to examine the effect of EHRs on downstream clinical
events.

A certified complete EHR system increases the
amount and timeliness of clinical information available at
the point of care with embedded decision support and
order entry. Even with federal incentive payments to offset
the costs, implementing a complete EHR system requires a
large up-front investment of money and time, with careful
coordination across stakeholders and end users. We found
that EHR use in an IDS was associated with improved care
quality and clinical outcomes in patients with diabetes. Of
note, we found that the effect of the EHR varied across
specific patient subgroups, resulting in increased testing,
treatment, and physiologic improvement for those with the
greatest needs and appropriately decreased testing and
treatment intensification for those already achieving
guideline-recommended glycemic and lipid targets. Over-
all, our study suggests that the EHR may be a powerful
tool to help clinicians deliver well-targeted, high-quality
care of chronic disease and improve patient outcomes.
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Appendix Figure. EHR implementation order: relationship between mean HbA,_ value in preimplementation period and order of

EHR implementation, by medical center.
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Mean HbA, _ values for the 17 medical centers, ordered by the date of their EHR implementation. A linear regression analysis with the mean HbA, _ level
among all patients in the diabetes registry in 2004 as the dependent variable and order of EHR implementation as the predictor yields a coefficient of
0.00006371 (P = 0.61), indicating that the order of implementation of EHR was not associated with preimplementation diabetes care quality. EHR =

electronic health record; HbA, . = hemoglobin A, .
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Appendix Table 1. Association Between EHR and Treatment Intensification, by Test Level: Continuously Enrolled Patients*

Index Test Value EHR Status OR (95% CI)

All Study Patients Subset of Patients Continuously

Enrolled During Study Period

HbA,
<7% EHR vs. no EHR 0.98 (0.94 to 1.02) 1.00 (0.95 to 1.05)
7%—-8.9% EHR vs. no EHR 1.12 (1.06 to 1.18) 1.12 (1.06 to 1.19)
=9% EHR vs. no EHR 1.10 (1.05 to 1.15) 1.11 (1.05 to 1.16)
LDL-C
<2.6 mmol/L (<100 mg/dL) EHR vs. no EHR 0.88 (0.82 to 0.94) 0.88 (0.82 to 0.94)
2.6-3.3 mmol/L (100-129 mg/dL) EHR vs. no EHR 1.06 (1.00 to 1.12) 1.05 (0.99 to 1.12)
=3.4 mmol/L (=130 mg/dL) EHR vs. no EHR 0.97 (0.91 to 1.04) 0.99 (0.92 to 1.05)

EHR = electronic health record; HbA, . = hemoglobin A

16

LDL-C = low-density lipoprotein cholesterol; OR = odds ratio.

* Logistic regression with an interaction between EHR status and index HbA, . or LDL-C level, adjusted for calendar month and year; medical center; and patient characteristics,
including drug adherence history, age, sex, neighborhood socioeconomic status, race or ethnicity, and other chronic conditions and with SEs adjusted for clustering at the facility level
by using the Stata logistic command with the cluster option.

Appendix Table 2. Association Between EHR and Retest Within 90 Days, by Test Level: Continuously Enrolled Patients*

Index Test Value EHR Status OR (95% ClI)

All Study Patients Subset of Patients Continuously

Enrolled During Study Period

HbA,.
<7% EHR vs. no EHR 0.90 (0.85 to 0.96) 0.91 (0.85 to 0.96)
7%-8.9% EHR vs. no EHR 1.04 (0.96 to 1.12) 1.02 (0.94 to 1.10)
=9% EHR vs. no EHR 1.04 (0.97 to 1.12) 1.04 (0.96 to 1.12)
LDL-C
<2.6 mmol/L (<100 mg/dL) EHR vs. no EHR 0.88 (0.83 to 0.94) 0.88 (0.83 t0 0.93)
2.6-3.3 mmol/L (100-129 mg/dL) EHR vs. no EHR 1.04 (0.97 to 1.11) 1.04 (0.97 to 1.11)
=3.4 mmol/L (=130 mg/dL) EHR vs. no EHR 1.05 (0.99 to 1.12) 1.05(0.98 to 1.11)

EHR = electronic health record; HbA, . = hemoglobin A, ; LDL-C = low-density lipoprotein cholesterol; OR = odds ratio.

* Logistic regression with an interaction between EHR status and index HbA,_ or LDL-C level, adjusted for calendar month and year; medical center; and patient
characteristics, including treatment intensification, age, sex, neighborhood socioeconomic status, race or ethnicity, and other chronic conditions and with SEs adjusted for
clustering at the facility level by using the Stata logistic command with the cluster option.

Appendix Table 3. Association Between EHR and Retest Within 1 Year, by Test Level: Continuously Enrolled Patients*

Index Test Value EHR Status OR (95% CI)

All Study Patients Subset of Patients Continuously

Enrolled During Study Period

HbA,,
<7% EHR vs. no EHR 1.18 (1.05 to 1.34) 1.19 (1.05 to 1.36)
7%-8.9% EHR vs. no EHR 1.34 (1.17 to 1.54) 1.33 (1.15 to 1.54)
=9% EHR vs. no EHR 1.40 (1.19 to 1.66) 1.41 (1.20 to 1.66)
LDL-C
<2.6 mmol/L (<100 mg/dL) EHR vs. no EHR 1.14 (1.01 to 1.29) 1.11 (0.98 to 1.27)
2.6-3.3 mmol/L (100-129 mg/dL) EHR vs. no EHR 1.21 (1.07 to 1.37) 1.19 (1.04 to 1.36)
=3.4 mmol/L (=130 mg/dL) EHR vs. no EHR 1.30 (1.15 t0 1.48) 1.30 (1.14 to 1.49)

EHR = electronic health record; HbA,. = hemoglobin A, ; LDL-C = low-density lipoprotein cholesterol; OR = odds ratio.

* Logistic regression with an interaction between EHR status and index HbA,_ or LDL-C level, adjusted for calendar month and year; medical center; and patient
characteristics, including treatment intensification, age, sex, neighborhood socioeconomic status, race or ethnicity, and other chronic conditions and with SEs adjusted for
clustering at the facility level by using the Stata logistic command with the cluster option.
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Appendix Table 4. Association Between EHR and HbA,_and LDL-C Values, by Baseline Value: Continuously Enrolled Patients

Baseline Test Value*

HbA,
<7%
7%—-8.9%
=9%

LDL-C
<2.6 mmol/L
[<100 mg/dL]
2.6-3.3 mmol/L
[100-129 mg/dL]
=3.4 mmol/L
[=130 mg/dL]

EHR Status

EHR vs.

EHR vs.

EHR vs.

EHR vs.

EHR vs.

EHR vs.

no EHR

no EHR

no EHR

no EHR

no EHR

no EHR

Average Change (95% ClI)

All Study Patients

—0.045% (—0.054% to —0.036%)
—0.079% (—0.092% to —0.065%)
—0.143% (—0.180% to —0.106%)

—0.019 mmol/L (-=0.025 to —0.012 mmol/L)
[-0.721 mg/dL (—0.986 to —0.456 mg/dL)]
—0.037 mmol/L (—0.046 to —0.028 mmol/L)
[—1.435 mg/dL (=1.770 to —1.100 mg/dL)]
—0.057 mmol/L (=0.071 to —0.042 mmol/L)
[—2.189 mg/dL (—2.741 to —1.637 mg/dL)]

Subset of Patients Continuously Enrolled
During Study Period

—0.050% (—0.059% to —0.040%)
—0.090% (—0.104% to —0.075%)
—0.187% (—0.227% to —0.146%)

—0.019 mmol/L (—0.026 to —0.012 mmol/L)
[-0.732 mg/dL (—1.018 to —0.446 mg/dL)]
—0.039 mmol/L (—0.049 to —0.030 mmol/L)
[=1.519 mg/dL (=1.879 to —1.159 mg/dL)]
—0.057 mmol/L (—0.073 to —0.042 mmol/L)
[-2.218 mg/dL (—2.813 to —1.624 mg/dL)]

EHR = electronic health record; HbA, = hemoglobin A, ; LDL-C = low-density lipoprotein cholesterol.
* Baseline test value was defined as the last measure in 2003 (before the study period). These analyses excluded patients with no baseline measurement. EHR is defined after
the second post-EHR test for each patient because the post-EHR treatment patterns would probably not be experienced by the patient until after his or her first post-EHR
measurement is available. The models are separate multivariate linear regressions based on baseline HbA|_ or LDL-C value with a fixed effect at the patient level (using the
Stata xtreg command with the fe option), adjusted for calendar quarter and calendar year.

Appendix Table 5. Distribution of Number of Tests per
Patient During Study Period (2004 to 2009)

Variable Mean Tests
per Patient,
n

HbA, 8.74

LDL-C 8.10

Percentile
10th 25th 50th 75th 90th
2 5 9 12 15
2 4 8 1 14

HbA,_ = hemoglobin A, ; LDL-C = low-density lipoprotein cholesterol.

Appendix Table 6. Unadjusted Proportion of Tests Followed by Treatment Intensification and Time to Retest, by EHR Status*

Index Test Value

HbA,
<7%
7%-8.9%
=9%

LDL-C
<2.6 mmol/L (<100 mg/dL)

2.6-3.3 mmol/L (100-129 mg/dL)

=3.4 mmol/L (=130 mg/dL)

Treatment Intensification

Within 60 d, %

No EHR

4.7
24.0
42.9

5.2
20.2
29.5

Retest Within 90 d, %

EHR No EHR
4.8 15.8
26.9 24.6
46.3 275
3.9 17.6
19.2 25.7
26.6 269

EHR

14.7
25.2
283

14.0
24.0
253

Retest Within 1y, %

No EHR

86.1
90.7
86.3

86.2
87.7
84.2

EHR

89.6
93.9
915

875
89.6
87.9

EHR = electronic health record; HbA,. = hemoglobin A, ; LDL-C = low-density lipoprotein cholesterol.
* Treatment intensification was defined as a treatment change within 60 d of a given index test. For test intervals, we calculated the time between any given test (index test)
and the subsequent test (retest). For retests within 90 d, we excluded tests less than 90 d before the end of the study (31 December 2009). For retests within 1y, we excluded
tests less than 1 y before the end of the study.
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