
Electronic Health Record-Based Patient Identification
and Individualized Mailed Outreach for Primary Cardiovascular
Disease Prevention: A Cluster Randomized Trial

Stephen D. Persell, MD, MPH1,2, Donald M. Lloyd-Jones, MD, ScM3,4, Elisha M. Friesema, BA1,
Andrew J. Cooper, MPH1, and David W. Baker, MD, MPH1,2

1Division of General Internal Medicine and Geriatrics, Feinberg School of Medicine, Northwestern University, Chicago, IL, USA; 2Institute for
Health Care Studies, Feinberg School of Medicine, Northwestern University, Chicago, IL, USA; 3Division of Cardiology, Feinberg School of
Medicine, Northwestern University, Chicago, IL, USA; 4Department of Preventive Medicine, Feinberg School of Medicine, Northwestern
University, Chicago, IL, USA.

BACKGROUND: Many individuals at higher risk for
cardiovascular disease (CVD) do not receive recommen-
ded treatments. Prior interventions using personalized
risk information to promote prevention did not test
clinic-wide effectiveness.
OBJECTIVE AND DESIGN: To perform a 9-month
cluster-randomized trial, comparing a strategy of elec-
tronic health record-based identification of patients
with increased CVD risk and individualized mailed
outreach to usual care.
PARTICIPANTS: Patients of participating physicians
with a Framingham Risk Score of at least 5 %, low-
density lipoprotein (LDL)-cholesterol level above guide-
line threshold for drug treatment, and not prescribed a
lipid-lowering medication were included in the inten-
tion-to-treat analysis.
INTERVENTION: Patients of physicians randomized to
the intervention group were mailed individualized CVD
risk messages that described benefits of using a statin
(and controlling hypertension or quitting smoking when
relevant).
MAIN MEASURES: The primary outcome was occur-
rence of a LDL-cholesterol level, repeated in routine
practice, that was at least 30 mg/dl lower than prior. A
secondary outcome was lipid-lowering drug prescribing.
Clinicaltrials.gov identifier: NCT01286311.
KEY RESULTS: Fourteen physicians with 218
patients were randomized to intervention, and 15
physicians with 217 patients to control. The mean
patient age was 60.7 years and 77% were male. There
was no difference in the primary outcome (11.0 % vs.
11.1 %, OR 0.99, 95 % CI 0.56–1.74, P=0.96), but
intervention group patients were twice as likely to
receive a prescription for lipid-lowering medication
(11.9 %, vs. 6.0 %, OR 2.13, 95 % CI 1.05–4.32,

p=0.038). In post hoc analysis with extended follow-up
to 18 months, the primary outcome occurred more
often in the intervention group (22.5 % vs. 16.1 %, OR
1.59, 95 % CI 1.05–2.41, P=0.029).
CONCLUSIONS: In this effectiveness trial, individual-
ized mailed CVD risk messages increased the frequency
of new lipid-lowering drug prescriptions, but we ob-
served no difference in proportions lowering LDL-cho-
lesterol after 9 months. With longer follow-up, the
intervention’s effect on LDL-cholesterol levels was ap-
parent.
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BACKGROUND

Cardiovascular disease (CVD) risk assessment is an impor-
tant step in determining who will benefit from preventive
treatments like the use of statins. Guidelines1–3 and perfor-
mance measures4 that address primary CVD prevention
recommend using quantitative risk assessment. However,
risk assessment is not often performed in primary care, and
physicians may have inaccurate perceptions of patients’
risk.5,6 As a result, some patients whose risk is high enough
to warrant intervention may go unrecognized. There is some
evidence that primary prevention approaches that use
calculation of CVD risk lead to increased treatment of risk
factors by physicians, and can increase patients’ intent to
start therapies, such as lipid-lowering medication or aspirin,
by about 15 to 30 %.7–13 Data contained in an electronic
health record (EHR) can be used to identify candidates for
risk-reducing interventions.14,15 Automated identification of
these patients makes possible practice-wide quality improve-
ment activities delivered directly to patients, such as the
approach we tested here. We hypothesized that patient-
directed, individualized risk messages delivered outside of
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routine office care would result in improved treatment and
control of low-density lipoprotein (LDL) cholesterol.

METHODS

Objectives and Design

We performed a pragmatic clinical trial,16 to test the
effectiveness of a clinical care strategy that included EHR-
based identification of patients with increased CVD risk and
mailed outreach with individualized CVD risk information
delivered at the level of a physicians’ practice. To do this,
we performed a 9-month cluster randomized effectiveness
study, with clusters determined at the level of the primary
care physician. The study took place between February 3rd
and November 3rd, 2011.

Participants

Northwestern University’s Institutional Review Board (IRB)
approved the study. Internal medicine primary care physi-
cians at a large practice affiliated with an academic medical
center and their patients were eligible for inclusion. Charac-
teristics of all patients seen at the practice during 2011 are
provided in the Appendix available on line. The practice had
used the same EHR for over 13 years. Physicians routinely
received reports about quality of care measures. Patients
rarely were sent mailings other than for test results.
Physicians provided written informed consent to be

randomized, and to have study staff mail risk messages
directly to patients on their behalf if they were randomized
to the intervention. Patients were included with a waiver of
consent.
Patients who met the following eligibility criteria were

included. Their primary care physician was enrolled in the
study, age was 40 to 79 years, the EHR medication list did
not include a lipid-lowering medication, there was no
diagnosis of coronary heart disease, heart failure, stroke,
diabetes mellitus, or peripheral arterial disease in the EHR,
and two or more visits to any provider in the clinic occurred
in the preceding 24 months. Patients also had to have a
LDL cholesterol test performed in the past 5 years; in
addition, their most recent LDL cholesterol was ≥ 100 mg/
dl and the Framingham Risk Score (FRS)—risk of nonfatal
myocardial infarction or coronary death during the next
10 years17—was > 20 %, LDL cholesterol was ≥ 130 mg/dl
and the FRS was 10 to 20 %, or LDL cholesterol was ≥
160 mg/dl and the FRS was 5 to < 10 %. The FRS was
calculated from EHR data retrieved through an electronic
query of Northwestern University’s enterprise data ware-
house. We had previously shown that the FRS could be
reliably determined from searchable EHR data.15 FRS was
calculated using the continuous equations employed by the

National Heart, Lung and Blood’s National Cholesterol
Education Program’s online risk calculator.17 This study did
not include patients with diabetes or established CVD,
because ongoing quality improvement activity already
addressed these conditions.18

Intervention

The intervention took a population approach to uncontrolled
cholesterol in a primary care. We used EHR data to identify
the target population, and alerted intervention physicians to
their patients who were not meeting guideline goals for
LDL cholesterol control based on their CVD risk level, and
who were not treated with a lipid-lowering drug. Interven-
tion development was informed by theoretical work on
health behavior change, such as the Integrated Behavioral
Model.19 The written risk information was designed to: 1)
increase a patient’s sense of susceptibility to CVD; 2)
provide normative information from a trusted source (the
primary care doctor) about health behaviors (e.g. taking
medication) that a patient can adopt to lower his or her risk;
and 3) promote the notion that taking action to lower risk is
feasible. Content was presented to two focus groups
comprised of nine primary care physicians. The groups
reviewed the content and intervention procedures and
provided feedback. Messages were pilot-tested with several
non-clinician volunteers and one patient (using his actual
risk information). Pilot testers identified areas requiring
clarification. We incorporated feedback from focus groups
and pilot tests into the final design.
Physicians randomized to the intervention received a

secure email within the EHR with a list of their eligible
patients, along with the FRS and Global Cardiovascular
Risk Score.20 Physicians were also told when patients had
uncontrolled hypertension or were smokers. A sample
physician message is provided in the Appendix (available
online). Physicians could indicate patients they did not wish
to receive outreach. All other patients were mailed a
message containing their personal CVD information,
depicted in written and graphic format and estimating the
risk reduction that could be obtained using a statin (see
Online Appendix). For patients who had uncontrolled
hypertension or were smokers, the benefits of modifying
these risk factors were also shown. The mailing, addressed
from their primary care physician, encouraged patients to
discuss risk-lowering options with them. After 9 months,
control group physicians were provided with lists of their
eligible patients and their risk scores.

Outcomes

We measured outcomes from data collected through routine
care. We collected data using automated searches of
standardized portions of the EHR. The primary study
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outcome was the occurrence of a repeat LDL Cholesterol
that was at least 30 mg/dl lower than the baseline LDL
cholesterol. We chose this as the primary outcome, because
a decline of this magnitude would likely indicate that either
drug therapy was begun or substantial dietary changes were
undertaken. Secondary outcomes included: whether a lipid-
lowering drug was prescribed; whether aspirin or another
antiplatelet drug was prescribed (among the subgroup not
prescribed this treatment at baseline); change in systolic and
diastolic blood pressures, and the difference in the number
of antihypertensive drug classes prescribed (among patients
who had uncontrolled hypertension at baseline); and
documentation of quitting smoking (among patients who
were smokers at baseline). Other processes examined were
the number of in-person office visits, telephone and email
contacts during the 9-month observation period. All out-
comes were assessed by applying the outcome criteria to
patient data automatically collected from EHRs using
automated searches. No human judgment was involved in
outcome assessments.
Exploratory analyses examined the frequency and timing

of LDL-cholesterol testing with respect to the timing of
prescribing a new lipid-lowering drug. We also conducted
additional post hoc analyses using data collected within the
18 months after the start of the intervention.

Sample Size

The size of the study was constrained by being limited to
one large group practice. Although the proportion of
patients achieving the primary outcome over a 9-month
period was not known a priori, we anticipated it would be
low (≤ 5 %). On clinical grounds, we decided that this
intervention would be potentially worthwhile if it raised the
primary outcome by 10 %. With an independent sample,
159 patients per group would provide 80 % power to detect
a 10 % difference with an alpha error rate of 5 %. We
anticipated 25 to 35 clusters with approximately 15 patients
per cluster, but the intra-cluster correlation of the outcome
was not known a priori. If the intra-cluster correlation for
the outcome were 0.02, the estimated design effect would
be approximately 1.28, and an approximate sample size of
203 patients per arm would be needed to provide the power
above.

Randomization

All physicians were enrolled prior to randomization.
Physicians with no eligible patients were excluded. To help
balance the number of eligible patients in the intervention
and control groups, physicians were placed in blocks of
four by number of eligible patients. Randomization was
performed using a random number generator (SAS 9.2, SAS

Institute Inc., Cary, NC) by a researcher who was not aware
of the physicians’ order in the blocks. Allocation to
intervention or control groups was not revealed until after
randomization was completed. To prevent the two partici-
pating physicians with the largest number of eligible patients
from being assigned to the same group, the first block of four
were grouped in two groups of two (first and fourth largest
comprised one group and second and third largest another),
and these two groups were randomly assigned.

Statistical Analysis

Baseline characteristics of intervention and control group
patients and physicians were compared using simple descrip-
tive statistics as appropriate. All eligible patients of enrolled
physicians were included in the analyses of binary outcomes
according to the intention-to-treat principle. Because physi-
cians rather than patients were randomized, we used general-
ized linear models with intervention group as the fixed effect
and physician as random effects (PROC GLIMMIX, SAS
version 9.2, SAS Institute Inc., Cary, NC). We used the logit
link for binary outcomes, log link for count outcomes and
identity link for normally distributed continuous outcomes.
Models of blood pressure outcomes included patients’ baseline
values. All tests of significance were two-tailed.

RESULTS

Recruitment. Flow of study participants is depicted in
Figure 1. Thirty-one of 37 physicians enrolled. Two had no
eligible patients. The remaining 29 physicians had 435
eligible patients (218 were randomized to the intervention
arm and 217 to the control arm). Five physicians in the
intervention group indicated that they did not want the
mailed outreach message to be sent to 14 (6.4 %) patients.

Participant Characteristics. The mean age of eligible
patients was 60.7 years and 77 % were male. Physicians
and patient characteristics were similar in both groups
(Table 1). Baseline diastolic blood pressure was 2 mmHg
greater among controls.

Intention-to-Treat Analysis. The primary outcome at
9 months occurred for 11.0 % of intervention group
patients and 11.1 % of controls (odds ratio [OR] 0.99,
95 % confidence interval [CI] 0.56–1.74, P=0.96). At
9 months, 11.9 % of the intervention group and 6.0 % of
controls had received a lipid-lowering medication
prescription (OR 2.13 [CI] 1.22–3.72). Intra-cluster
correlation coefficients were 0.029 for the primary
outcome and 0.011 for the prescription outcome. There
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were no differences between groups for in-person visits,
telephone calls or email contacts during the study (Table 2). Prespecified Subgroups. Among the 161 patients with

uncontrolled hypertension at baseline, there were no
significant differences in the characteristics listed in
Table 1. Patients in the intervention group were more than
twice as likely to have an increase in the number of
antihypertensive drug classes prescribed, but this was not
statistically significant (Table 3). Repeat office blood pressures
were obtained for 63 %. Systolic and diastolic blood pressures
were nonsignificantly lower in the intervention group
(adjusted mean difference −4.7/−1.9 mmHg) (Table 3).
Among the 347 patients who did not did not have aspirin on
their medication list at baseline, rates at 9 months were 3.9 %
and 1.8 % in the intervention and control groups, respectively
(OR 2.18, 95 % CI 0.50–9.5, p=0.30). Among smokers,
documentation of non-smoking during follow-up was rare and
did not vary by group.

Post Hoc Analyses. Few patients had LDL testing within
9 months (38.1 % intervention, 33.6 % control, P=0.34).
We examined timing of new lipid-lowering drug
prescription with respect to repeat lab testing. In the
control group, 0 of 13 (0 %) of individuals with a new
medication had a LDL-cholesterol test after the new
prescription was written. In the intervention group, 7 of
26 with a new lipid-lowering medication prescribed had
LDL-cholesterol done afterwards. Of these, 6 of 7 had at
least a 30 mg/dl reduction in LDL-cholesterol.
After 18 months of follow-up, 56.4 % of the intervention

group and 47.5 % of controls had a repeat LDL test. The
primary outcome at 18 months occurred for 22.5 % of
intervention group patients and 16.1 % of controls (OR

Figure 1. Flow diagram.

Table 1. Characteristics of Patients and Physicians

Characteristic Intervention Control P

Patients N=218 N=217
Male, % 77.5 77.0 0.89
Age, y (SD) 61.3 (9.4) 60.1 (9.2) 0.20
Race/ethnicity,% 0.43
White 52.8 48.4
African-American 16.1 14.3
Asian 0.9 1.8
Hispanic 4.6 3.7
Other 10.6 9.2
Unknown 15.1 22.6
Framingham risk
score, % (SD)

14.2 (6.7) 13.8 (6.3) 0.49

Global cardiovascular
risk score, % (SD)a

24.4 (11.3) 23.9 (10.6) 0.64

Total cholesterol, mg/dl (SD) 228.1 (32.7) 225.9 (29.4) 0.46
LDL cholesterol, mg/dl (SD) 156.5 (26.4) 156.3 (24.6) 0.92
HDL cholesterol, mg/dl (SD) 44.2 (13.5) 43.5 (12.1) 0.58
Triglycerides, mg/dl (SD) 137.4 (70.2) 132.5 (75.7) 0.49
Systolic blood
pressure, mm Hg (SD)

135.2 (16.1) 137.2 (16.6) 0.20

Diastolic blood
pressure, mm Hg (SD)

80.8 (10.1) 82.8 (9.1) 0.03

Drug treated hypertension,% 56.0 55.8 0.97
Current smoking,% 14.7 20.3 0.12
Aspirin treated, % 17.4 23.0 0.15
Previously prescribed
lipid-lowering drug, %

14.7 13.4 0.69

Physicians N=14 N=15
Male, % 50 40 0.59
Number of eligible
patients, median (IQR)

9 (5–20) 6 (4–21) 0.88

HDL high-density lipoprotein; IQR interquartile range; LDL low-
density lipoprotein; SD standard deviation
aThe Global Cardiovascular Risk Score is described in reference 17

Table 2. Outcomes at 9 Months

Intervention Control OR and 95
% CI

P

N=218 N=217

Primary endpoint
LDL-C repeated
and ≤ 30 mg/dl
lower than
baseline, %

11.0 11.1 0.99
(0.56–1.74)

0.96

Secondary endpoints
Lipid-lowering
medication
prescribed, %

11.9 6.0 2.13
(1.22–3.72)

0.008

LDL-C
repeated,%

38.1 33.6 1.22
(0.81–1.86)

0.34

Any office
visit during
follow-up, %

61.9 56.7 1.19
(0.87–1.63)

0.28

Number of
office visits,
median (IQR)

1 (0–2) 1 (0–1) 0.14

Number of
telephone
contacts,
median (IQR)

0 (0–2) 0 (0–2) 0.75

Emails to office,
median (IQR)

0 (0–1) 0 (0–0) 0.96

CI confidence interval; IQR interquartile range; LDL-C low-density
lipoprotein cholesterol; OR odds ratio
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1.59, 95 % CI 1.05–2.41, P=0.029); 17.4 % of patients in
the intervention group and 11.1 % of controls had received
a lipid-lowering medication prescription (OR 1.67, 95 % CI
0.83–3.38, P=0.15).

DISCUSSION

In this physician-randomized effectiveness study, mailed
individualized CVD risk messages to patients with uncon-
trolled LDL cholesterol resulted in a doubling in the
proportion of patients who received a new lipid-lowering
drug prescription. Among the subgroup with uncontrolled
hypertension and the subgroup not using aspirin at baseline,
prescribing additional antihypertensive medication and
prescribing aspirin, respectively, were more common in
the intervention group. Blood pressure was lower in the
intervention group. However, subgroups eligible for these
interventions were small, and these results did not achieve
statistical significance. This intervention showed no effect
on the primary outcome at the prespecified study end point
(having a repeat LDL-cholesterol level obtained within
9 months that was ≥ 30 mg/dl lower than baseline); but after
18 months, there was a significant effect of the intervention
on this outcome.
Our primary outcome, which relied on lab testing during

routine care, hindered our ability to detect differences in LDL
cholesterol lowering, because most patients did not have a
repeat LDL-cholesterol test during the study period. Unlike
studies with patient-level enrollment and measurement of
outcomes performed as part of the study design,10,11,13,21 we
used a pragmatic design to test the effects of this intervention
on the entire population of eligible patients cared for by study
physicians. Physicians, but not patients, were enrolled, and
outcomes were obtained from routine clinical care. Most
patients who received a new prescription did not have a repeat
LDL-cholesterol test performed during the study period, and
many who had the test received it prior to starting treatment. If
pharmacy dispensing information were routinely available,
examining drug initiation and persistence would be valuable
ways to explore the effects of this intervention.
Even though the physician-randomized design that does

not include patient enrollment limits the outcomes that can

be assessed, this design is an important way to study this
kind of intervention for two reasons. First, it shows the
effects for the entire clinical population to which this kind
of intervention may be applied. Studies with patient-level
enrollment may not be readily generalizable to overall
patient populations. Second, the acts of enrollment and
follow-up may exert a strong effect on the control groups,
thereby diminishing the perceived benefits of interventions.
One study of CVD risk messages showed a small favorable
effect on LDL cholesterol, but this intervention may have
yielded more dramatic findings had there not been such a
large cholesterol reduction among the control group.10

Even though we eventually observed differences in
cholesterol lowering, the intervention effect was small. In
the intervention group, 83 % did not receive prescription
lipid-lowering therapy after 18 months. However, this small
effect size should be viewed in the context of the low
resources required. Data from the EHR were prepared into a
mailed intervention by a non-clinician staff member. Other
CVD primary prevention studies achieved larger effects but
required greater resources, and many included multiple
contacts with clinicians.8,10,11,21–24 If a measurable positive
effect of a more limited intervention like ours can be
accomplished at a sufficiently low cost, it may be a
worthwhile approach to adopt. If the process of delivering
these messages can be fully automated (such as using a
patient portal connected to the electronic health record), this
may reduce the cost of providing this service further.
One potential reason for the small effect was that patients

had only a single exposure to the messages. Prior studies
with repeated exposure to risk messages and counseling
have shown the most favorable results.8,10,11,22,23 An
additional study is needed to examine whether repeated
delivery increases efficacy.
Another reason that more intervention patients did not

achieve the LDL control goal may have been that patients
did not think their risk was particularly high. The mean 10-
year risk for any CVD event was 24 %. A prior study in
patients with diabetes showed that a decision aid for statin
use made risk perception more accurate, but statin adher-
ence was not changed.25 Having more than a three in four
chance of not having a CVD event over 10 years may have
made medication use not seem worthwhile. It is possible

Table 3. Blood Pressure Related Outcomes at 9 Months Among Patients With Uncontrolled Hypertension at Baseline

Intervention
N=76

Control N=85 OR (95 % CI) P

Antihypertensive drug classes, median (IQR) 1 (1–2) 1 (0–2) 0.45
Increase in number of antihypertensive drug classes, % 11.8 % 4.7 % 2.89 (0.70–11.9) 0.14

Adjusted mean difference (95 % CI)b

Systolic blood pressure, mm Hg (SD) a 137.2 (16.8) 51/76 142.5 (16.7) 51/85 −4.7 (1.8 to −11.3) 0.15
Diastolic blood pressure, mm Hg (SD)a 80.3 (9.7) 51/76 81.9 (10.5) 51/85 −1.9 (1.6 to −5.4) 0.28

CI confidence interval; IQR interquartile range; OR odds ratio
aThe number of patients with follow-up data available is indicated
bAdjusted mean difference represents the intervention effect derived from models that include baseline blood pressure and physician-level random
effects
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that placing more emphasis on CVD risk over a longer time
horizon (i.e. lifetime risk) or making other changes to the
framing of the risk could increase the impact.
It is possible that combining this approach with other

physician-directed interventions, such as reminders, perfor-
mance audit and feedback, or financial incentives, could
produce additive effects. Computerized clinical decision
support has been used successfully to promote guideline-
based treatment of dyslipidemia in primary care.26 Future
studies should aim to determine the optimal combination of
quality improvement techniques.
These findings should be viewed with several additional

limitations in mind. This study was performed at a single
site, and as a result we do not know how the findings would
differ in other settings. Intervention group physicians could
have interacted with control group physicians, leading to
alterations in their behavior, but since this was predomi-
nantly a patient-directed intervention, it is unlikely that
there was a large contamination effect. The study size was
adequate to safely exclude the 10 % increase in the primary
outcome we sought to detect, but power was limited for
outcomes that apply to the subgroups (uncontrolled hyper-
tension, aspirin non-users, and current smokers). Lastly, the
smoking outcome, which is based on patients’ self-report at
the time of an office visit, may not be reliable.
This study demonstrated that practice-wide delivery of

individualized CVD risk messages derived from EHR data
to moderately-high and high-risk patients is feasible, and
resulted in a modest increase in lipid-lowering drug
prescribing. Ultimately, however, the absolute effects were
small and most patients remained untreated. More powerful
approaches are needed to address the burden of uncon-
trolled risk factors among individuals at increased risk for
CVD. Providing patients with repeated individualized
cardiovascular risk assessments with treatment recommen-
dations may prove to be more effective than a single
exposure.
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