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BACKGROUND: Implementation of new practice guide-
lines for statin use was very poor.
OBJECTIVE: To test a multi-component quality improve-
ment intervention to encourage use of new guidelines for
statin use.
DESIGN: Cluster-randomized, usual-care controlled
trial.
PARTICIPANTS: The study population was primary care
visits for patients who were recommended statins by the
2013 guidelines, but were not receiving them. We exclud-
ed patients who were over 75 years old, or had an ICD9 or
ICD10 code for end-stage renal disease, muscle pain,
pregnancy, or in vitro fertilization in the 2 years prior to
the study visit.
INTERVENTIONS: A novel quality improvement inter-
vention consisting of a personalized decision support
tool, an educational program, a performance measure,
and an audit and feedback system. Randomization
was at the level of the primary care team.
MAIN MEASURES: Our primary outcome was pre-
scription of a medium- or high-strength statin. We
studied how receiving the intervention changed care
during the quality improvement intervention com-
pared to before it and if that change continued after
the intervention.
KEY RESULTS: Among 3787 visits to 43 primary care
providers, being in the intervention arm tripled the odds
of patients being prescribed anappropriate statin (OR3.0,
95% CI 1.8–4.9), though the effect resolved after the per-
sonalized decision support ended (OR 1.7, 95% CI 0.99–
2.77).
CONCLUSIONS: A simple, personalized quality improve-
ment intervention is promising for enabling the adoption
of new guidelines.
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INTRODUCTION

In 2013 and 2014, new clinical practice guidelines by major
clinical organizations changed the recommended use of
cholesterol-lowering statin drugs to be based on estimates of
a patient’s chance of developing atherosclerotic cardiovascular
disease (ASCVD), rather than cholesterol level.1–5 Compared
to the prior guidelines, this was a major shift. The new guide-
lines substantially changed which people and how many were
recommended statins. They changed the purpose of prescrib-
ing statins, away from lowering cholesterol levels to decreas-
ing cardiovascular events.3, 6, 7 They changed how providers
are supposed to think about prescribing statins, from a biolog-
ical perspective of lowering cholesterol to a data-driven per-
spective of treating patients based on risk. They also changed
the recommended process for deciding who should receive
statins. In the new guidelines, providers should prescribe
statins if a patient has ASCVD (representing a history of
having had a heart attack or stroke), a diabetes diagnosis, or
an elevated calculated 10-year risk of developing ASCVD
(over 7.5% in the guidelines by the American College of
Cardiology and American Heart Association, over 12% in
the Veterans Affairs/Department of Defense guidelines). Cal-
culating the 10-year risk requires data entry and trust in a risk
prediction calculation, neither of which is standard in current
medical practice.
Providers’ adoption of the guidelines into practice has been

limited.8, 9 Any one of these changes in perspective could
create barriers that would prevent providers from effectively
following the new guidelines. Developing ways to recognize,
address, and correct the gaps to implementation of the new
guidelines is necessary to improve care.
We developed a multi-component guideline implementa-

tion intervention based on implementation theory and user-
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centered design to improve statin prescribing.10, 11 Our inter-
vention included an individualized decision support tool, an
educational session, reminder cards that summarized the
guidelines, and a provider-level performance measurement
and audit and feedback system. We then performed a cluster-
randomized quality improvement (QI) trial to learn the effects
of the intervention. Our primary aim was to examine the
impact of the intervention on guideline-concordant statin pre-
scribing. Our secondary aims were to examine the retention of
the intervention’s effects after it was completed and to deter-
mine in whom the intervention had the largest effect.

METHODS

Context

We performed a single-site clustered randomized controlled
trial of a quality improvement intervention on meeting the
2014 Veterans Affairs/Department of Defense (VA/DoD)
guidelines Clinical Practice Guidelines for the Management
of Dyslipidemia for Cardiovascular Risk Reduction.

Settings

This was a quality improvement intervention at a medium-
sized academic clinic. This work occurred in partnership with
the primary care clinic. The primary care clinic is organized
into five Patient-Aligned Care Teams, each with up to ten
attending physicians.

Study Population

Details of the derivation of the study population are described
in the Online Supplementary Appendix A. For the primary
analysis, inclusion criteria were patients seen in primary care
during the period of analysis who were under 75 and who
would be recommended a moderate- or high-strength statin
according to the VA/DoD guidelines, but were not on one at
the time of the visit according to the electronic health record.
We had also planned to analyze patients who were on statins
but according to the guidelines should not be. This proved to
be too small a sample to examine.
Exclusion criteria included patients over the age of 75 or

those who had an International Classification of Diseases-9 or
-10 codes for end-stage renal disease, muscle pain, pregnancy,
or in vitro fertilization in the 2 years prior to the study visit. All
visits that were scheduled to occur after the Friday of the week
before the visit were also excluded. (This was because visits
that are scheduled soon before an appointment are more likely
to be for urgent issues and because of our staffing limitations.)
For purposes of analysis, participant visits were divided into

six groups. Each visit was either in the intervention arm or in the
control arm. Theywere also in one of three time periods: a pre-QI
period from December 12, 2015, to March 20, 2016; a three-
month QI period from March 29, 2016, to June 30, 2016; and a
post-QI period from July 1, 2016, until September 30, 2016. In

addition, a pilot period, during which the intervention was im-
plemented, took place fromMarch 21, 2016, to March 28, 2016.
For a secondary analysis, we also examined a Bnegative

control.^ This analysis included patients who were not recom-
mended statins according to the VA/DoD guidelines. These
patients all had 12% or lower 10-year calculated probability of
developing ASCVD. This population otherwise met the inclu-
sion and exclusion criteria.
We have placed the details of the cohort construction and

definitions in Online Supplementary Appendix A.

Risk Assessment

All patients were divided into six hierarchical, mutually ex-
clusive risk groups, as defined by the VA/DoD guidelines,
defined in detail in the Appendix. The groups for whom
treatment is recommended were those with a history of
ASCVD, diabetes, severe hyperlipidemia, or 10-year ASCVD
risk ≥ 12%. The groups for whom treatment is not actively
recommended by the guidelines are those with risk 6–12% (for
whom shared decision-making is recommended) and those
with risk < 6%. The differences between the VA/DoD guide-
lines and the American College of Cardiology and American
Heart Association guidelines are summarized in Online Sup-
plementary Appendix B.
ASCVD was defined by diagnostic or procedural codes,

diabetes was defined by medicine use or diagnostic codes, and
hyperlipidemia by having a low-density lipoprotein (LDL)
cholesterol > 190 mg/dl documented in the VA electronic
medical record in the prior 2 years. Ten-year ASCVD risk
was calculated from the VA electronic medical record. Blood
pressure and cholesterol values were only included if they
were measured in the 3 years prior to the study.
When there was missing data, we still attempted to catego-

rize patients. Patients with a history of ASCVD, with diabetes,
or with measured LDL > 190 mg/dl are classifiable regardless
of other missing data. When patients did not have a recent
value for blood pressure or cholesterol, we tested the likeli-
hood that the missing value would change their risk category.
To do this, we took extreme measures of blood pressure and
cholesterol derived empirically from the 95% range of values
seen in our dataset. If a patient was in the same risk category
for a high and low value for the missing variable, we would
include them in that risk category. For example, a 70-year-old
man who smokes will have a 10-year ASCVD risk ≥ 12%
regardless of his blood pressure or cholesterol value.

Intervention

The design of the intervention has been described in depth.12

In short, we created a prototype multi-component intervention
based on existing interventions.We then conducted qualitative
interviewswith 15 primary care providers to assess the barriers
and facilitators to use of the clinical practice guidelines and
tools designed to support their use. This was based on Ca-
bana’s Clinical Practice Guidelines Framework for
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Improvement, which initially divides adoption into knowl-
edge, acceptance, and behavior. In these interviews, we also
solicited feedback used to hone the prototype intervention
using Neilsen’s Usability Heuristics. Cabana’s Framework
for Improvement helped guide what interventions we should
consider and our understanding of the outcomes, whereas
Neilsen’s Usability Heuristics helped make the interventions

themselves effective and user-centered. The most striking
finding of this work was that providers’ knowledge and ac-
ceptance of the guidelines were fairly high, but their behavior
did not align. This was in large part due to difficulties in
following the guidelines. We also found that providers cared
greatly about the usability of the tools themselves, which led to
many small changes to the intervention.

22,207 patients from 5 

Patient-Aligned Care Teams 

(PACTs) and 43 physicians 

were screened

Control arm: 2,073 patient 

visits among 3 PACTs and 28 

Physicians 

Intervention arm: 1,714 patient 

visits among 2 PACTs and 15 

Physicians 

538 visits in the pre-QI 

phase

672 visits in the pre-QI 

phase

573 visits in the QI phase

65 did not receive decision 

support

508 received receive

decision support

673 visits in the QI phase

603 patients in the post-QI 

phase

728 patients in the post-QI 

phase

Exclusions

5,078 scheduling too close to 

time of visit

2,994 age <40 or >75

154 end-stage renal disease

552 with muscle pain

4 pregnant 

1016 cancel appointment

6,233 on statin at baseline

5 teams 

randomized

1,294 low risk* 1,065 low risk *

*Patients with cardiac risk <12% did not meet the guidelines for statin 

prescription and were not included in the primary analyses. 

Figure 1 Flow diagram of participation in the QI intervention.
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Ultimately, the intervention had four components: a decision
support tool, aneducational program, aperformancemeasure, and
anauditandfeedbacksystem.12Thedecisionsupporttoolprovided
feedback that was tailored to the patient’s risk, current treatment,
andguideline recommendation.Data for the toolwasderived from
the VA electronic health record. The decision support tool was a
paper prototype, which was relatively easy to implement for this
time-limited project. Examples of the decision support tool are
provided inOnline SupplementaryAppendix F.
The educational program was a single 15-min session that

described the clinical practice guideline, described the ratio-
nale for the changes that the guideline recommended, and
included three clinical vignettes designed to exemplify the
changes. The session was delivered at a regular providers’
meeting. The performance measure credited physicians for
the percentage of patients who are eligible for statins per the
VA guidelines who met them. In an attempt to influence
treatment of high-value care, the performance measure also
weighted patients with a history of heart attack or stroke more
highly in assigning quality credit than those whose eligibility
depended on having a very high LDL cholesterol (> 190) or
high calculated risk (≥ 12%). The audit and feedback form
summarized the results of the performance measure. Providers
received a personalized audit and feedback at weeks 6 and 10
during the 13-week quality improvement period. Neither the
performance measure nor the audit and feedback report was
linked to pay-for-performance bonuses.

Trial Design and Randomization

We performed a parallel-design, cluster-randomized, usual
care-controlled trial. Randomization was done at the level of
primary care team. The five Patient-Aligned Care Teams
(PACTs) were randomized with two teams receiving the inter-
vention. Randomization was developed with a research assis-
tant choosing a number that was used as a seed in Stata14.

Analysis

The population for the primary analysis was patients who
would be recommended moderate- or high-strength statins
by the 2014 VA/DoD statin guidelines, but were not on
them at the time of their visit. Our analysis used hierar-
chical logistic regression with patient visits clustered with-
in providers (n = 43) clustered within clinical teams (n =
5). The unit of analysis was the patient visit, and the
dependent variable was Bpatient on statin, yes/no.^ Inter-
vention period (before, during, after) and intervention arm
were categorical variables. Our primary outcome was the
interaction of intervention period and intervention arm, to
see if those who received the intervention were different
from those who did not during the intervention, compared
to before it. Details of the analysis are provided in Online
Supplementary Appendix C.
Secondary analyses included examination of statin prescrib-

ing for pre-specified clinical subgroups and statin prescribing

in patients who were meeting the recommendations of the
prior clinical guidelines (the Advanced Treatment Panel III,
or ATP III).6 Regarding the latter analysis, our hypothesis was
that patients who were meeting prior guidelines would be less
likely to have their care changed to meet the new guidelines.
All analyses were based on intention to treat.

Ethical Considerations

Veterans Health Administration (VHA) Handbook 1058_05
provides guidance about authorization of manuscripts that
have been developed through nonresearch activities (i.e., with-
out institutional review board approval under the authority of
VHA operations).13 All VHA authors of this manuscript attest
that the activities that resulted in producing this manuscript
were not conducted as part of a research project but as part of
the nonresearch evaluation conducted under the authority of
the VA’s Quality Enhancement Research Initiative. This eval-
uation follows the SQUIRE 2.0 reporting guidelines.14

RESULTS

Description

The intervention arm consisted of 15 primary care physicians
among 2 PACTs; the control arm had 28 primary care physi-
cians among 3 PACTs (Fig. 1). There were 22,207 patients
seen by the participating physicians during the period of the
study. Three thousand seven hundred eighty-seven met the
inclusion criteria. Of these, 673 were control group patients in
the QI phase and 573 were intervention group visits in the QI
phase. Of the intervention group visits in the QI phase, 508
received the decision support tool.
Over 96% of participating patients were men (Table 1). The

average age was 65.3 in the control group and 64.2 in the

Table 1 Description of the Population

Control
(n = 2073)

Intervention
(n = 1714)

Patient-Aligned Care Teams 2 3
Attending physician providers 15 28
Woman, No. (%) 67 (3.2) 62 (3.6)
Age (SD) 65.3 (7.7) 64.2 (8.5)**
African-American, No. (%) 189 (9.1%) 158 (9.2%)
Tobacco use, No. (%) 496 (23.9) 493 (28.8)***
Meeting ATP III guidelines, No.
(%)

1156
(55.8%)

800 (46.7%)***

LDL, mean (SD), mg/dl 109 (37) 116 (41)***
Period
Pre-QI, No. (%) 672 (32.4) 538 (31.4)
During QI, No. (%) 673 (32.5) 573 (33.4)
Post-QI, No. (%) 728 (35.1) 603 (35.2)
Risk group
ASCVD, No. (%) 601 (29.0) 483 (28.2)
Diabetes, No. (%) 400 (19.3) 386 (22.5)
≥ 12% 10-year risk, No. (%) 1051 (50.7) 821 (47.9)
LDL > 190, No. (%) 21 (1.0%) 24 (1.4%)

* p ≤ 0.05
** p ≤ 0.05
*** p ≤ 0.05
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intervention group. In the control group, 10.5% were African-
American. In the intervention group, 11.1% were. Average
LDL was 112. Twenty-nine percent of participating patients
had a history of ASCVD, 21% had diabetes, and 50% had a
10-year risk ≥ 12%.
In the pre-QI period, patients in the intervention group had

lower rate of medication intensification than those in the control
group (Table 2). This was not the case in the other time periods.

Primary Analyses

Visits in the intervention arm during the QI intervention had an
odds ratio of 3.00 (95% CI 1.84–4.89) of prescribing a
moderate- or high-strength statin to high-risk patients who
were not previously on one after controlling for the provider’s
pre-QI statin prescription rate (Fig. 1 and Table 3). After the QI
intervention ended, that rate declined to an odds ratio of 1.65
(0.99–2.77) (Fig. 2).

Secondary Analyses

There were no clear differences in the effects of the interven-
tion in any risk groups who are recommended treatment. This
included no significant difference in rates of intensification in
patients who were meeting vs. not meeting the prior choles-
terol guidelines (ATP III). Risk eligibility also did not seem to
play a role, in that the intervention had the same apparent
impact on those with a history of ASCVD vs. those with
diabetes vs. those with a calculated high risk.
In a further secondary analysis, in patients who meet none

of those criteria and therefore are low ASCVD risk, for whom
the guidelines recommend shared decision-making or no
statins, and did not receive a decision support reminder, rates

of prescribing went down by a nearly significant amount
during the intervention (Online Supplementary Appendix D).
We reframe the results in terms of the RE-AIM framework

in Online Supplementary Appendix E.15

DISCUSSION

We found that a multi-faceted intervention could help guide
the transition to new, risk-based clinical practice guidelines for
the use of statin drugs. The intervention increased guideline-
appropriate prescribing; the effect substantially declined when
the clinical decision support was discontinued. Patients’ risk
groupings, such as those who are eligible for statins due to
having a history of ASCVD vs. elevated calculated risk, did
not seem to alter the influence of the QI intervention.
Our results aligned with Cabana’s conceptual framework,

which divides guideline use into knowledge, acceptance, and
factors that influence behavior. The impact of the intervention
together with the decline in its use once we stopped providing
decision support shows that one major limiting step is simply

Table 2 Statin Initiation for Primary Sample

Control Intervention

Pre-QI 110/672 (16%) 42/538 (8%)***
QI 95/ 673 (14%) 102/573 (18%)
Post-QI 95/728 (13%) 57/603 (9%)

***p< 0.001

Figure 2 Primary outcomes. Of the people who are recommended
moderate- or high-strength statin but not on one at the time of the
visit, the percent of patients who are started on that treatment.

Table 3 Effect of Being in Intervention Group on Odds of Treatment Correction

During QI Post-QI

Observations in analysis Odds ratio (95% CI) p value Odds ratio (95% CI) p value

All patients recommended treatment 3787 3.00 (1.84–4.89) < 0.001 1.65 (0.99–2.77) 0.06
Not meeting ATP III guidelines at baseline 705 4.94 (1.60–15.3) 0.006 3.61 (1.12–11.6) 0.03
Meeting ATP III guidelines at baseline** 1956 2.34 (1.15–4.77) 0.02 0.89 (0.41–1.96) 0.78
History of ASCVD 1984 2.58 (0.97–6.9) 0.06 1.80 (0.65–5.0) 0.26
Diabetes 786 2.48 (0.85–7.2) 0.10 0.94 (0.31–2.8) 0.91
Calculated risk ≥ 12% 1872 3.73 (1.77–7.4) < 0.001 2.11 (1.0–4.5) 0.05
Not recommended treatment*** 2359 0.59 (0.18–1.91) 0.38 2.95 (0.85–10.3) 0.09

*Figures of These Results Are Included in Online Supplementary Appendix D
**There are 1126 patients for whom we could not determine if they met ATP III guidelines due to missing data
***These are patients who are not explicitly recommended statins by the VA guidelines, primarily patients whose 10-year cardiac risk is < 12%. They
are not in the primary study population and did not receive clinical decision support
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providers’ ability to follow the guidelines. If knowledge or
acceptance had been key, the intervention would not have
changed their behavior at all. In fact, every provider did provide
statins to patients who were eligible by according to the new
guidelines, and not the old ones, at some point in the study.
The generalizability of our results is unknown. Our quality

improvement project occurred at a single site at a Veterans
Affairs clinic; other sites may respond differently. Our popula-
tion was over 90%men and all US veterans, as is standard at US
VA clinics. As a multi-component intervention, we cannot de-
termine which aspect of the intervention had the greatest impact.
Limitations in data quality, such as possible errors in smoking
status and the assessed race, limit the reliability of our results,
though randomization should haveminimized the impact of that.
Finally, our results are dependent on our finding that in the
3 months before the intervention began, the control group had
higher rates of statin prescription than the intervention group.
While we appropriately controlled for that difference, since
groups were chosen randomly, this is a surprising finding.
Our findings are consistent with those of previous literature.

Other multi-component computer-guided cardiovascular risk
management programs have found small changes in overall
care.16–19 Provision of risk scores has not been shown on their
own to consistently change care.20, 21 A well-designed deci-
sion aid improved disease understanding, but did not change
care choices.20, 22 Decision support tools often have
measureable, but not tremendously large, effects.17

Because we have designed the complete multi-component
intervention and have developed the decision support tool, the
program likely could be scaled up and spread beyond a single
site. However, integrating the tool into the EHR would greatly
facilitate dissemination and adoption.
We are entering a new clinical era in which risk prediction,

guided by big data, will become a key part of clinical practice.
The transition to this era, however, will not always be straight-
forward. Developing clinically relevant, effective risk predic-
tion tools must become a major focus of decision science, but
this will only be a first step. Once clinically relevant risk
prediction exists, we will need to understand patients’ and
providers’ barriers to accurately using these tools and develop
interventions that address them.
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