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Background: The EvidenceNOW initiative provided smaller primary care practices with external support
interventions to implement quality improvement strategies focused on cardiovascular disease prevention.
This manuscript reports effectiveness of EvidenceNOW interventions in improving quality metrics.

Methods: Seven regional Cooperatives delivered external support interventions (practice facilitation,
health information technology support to assist with audit and feedback, performance benchmarking, learn-
ing collaboratives, and establishing community linkages) to 1278 smaller primary care practices. Outcomes
included proportion of eligible patients meeting Centers for Medicaid and Medicare Services-specified ABCS
metrics, that is, Aspirin for those at risk of ischemic vascular disease; achieving target Blood pressure
among hypertensives; prescribing statin for those with elevated Cholesterol, diabetes, or increased cardio-
vascular disease risk; and screening for Smoking and providing cessation counseling. An event study com-
pared prepost changes in outcomes among intervention practices and a difference-in-differences design
compared intervention practices to 688 external comparison practices.

Results: Mean baseline outcomes ranged from 61.5% (cholesterol) to 64.9% (aspirin). In the event
study, outcomes improved significantly (aspirin: 13.39 percentage points, 95% CI, 0.61–6.17; blood pres-
sure: 11.59, 95% CI, 0.12–3.06; cholesterol: 14.43, 95% CI, 0.33–8.53; smoking: 17.33, 95% CI, 4.70–
9.96). Difference-in-differences estimates were similar in magnitude but statistically significant for smoking
alone. Preintervention trends were significant for smoking, but parallel-trends tests were not significant.

Conclusions: EvidenceNOW Cooperatives improved cardiovascular prevention quality metrics among
small and medium sized primary care practices across the US. While estimated improvements were
small, they reflected average changes across a large and diverse sample of practices. ( J Am Board Fam
Med 2022;00:000–000.)
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Introduction
More people die from cardiovascular disease in the
United States (US) than any other disease.1 The 2019

American College of Cardiology and American Heart
Association (ACC/AHA) Guideline on the Primary
Prevention of Cardiovascular Disease emphasize
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improving delivery of the ABCS of heart health,
which included prescribing Aspirin for those at
risk for ischemic vascular disease, achieving target
Blood pressures for those with hypertension, pre-
scribing statins to those with diabetes, high
Cholesterol, or at risk for atherosclerotic cardio-
vascular disease, and screening and cessation
counseling for Smoking.2,3 These strategies have
been shown to reduce cardiovascular disease mor-
bidity and mortality.3,4 Despite substantial clinical
evidence, however, national ABCS rates remain
suboptimal.5

To address this, the Centers for Medicare and
Medicaid Services (CMS) and Centers for
Disease Control and Prevention (CDC) launched
the Million Hearts initiative in 2011.6–8 Its goal
is to prevent 1 million heart attacks by 2022.6

Most Americans receive primary and secondary
preventive care for cardiovascular disease in small
to medium-sized primary care practices in their
communities.9 Thus, improving ABCS rates among
smaller practices is crucial to realizing the Million
Hearts initiative.

Quality improvement strategies shown to increase
ABCS adoption in health systems are available but
are often not used widely as standard practice in pri-
mary care. For instance, the CDC’s Best Practices
Guide for Cardiovascular Disease Prevention high-
light that the use of team-based care, clinical decision

support systems, and self-measured blood pressure
monitoring is cost-effective in improving clinical out-
comes.10 However, primary care practices experience
significant barriers to routine use of these strategies
resulting in suboptimal ABCS rates and approaches
to improve care delivery such as the Comprehensive
Primary Care Initiative or Patient-Centered Medial
Home have not consistently shown improvements in
quality of care.11–14

Recognizing this gap in ABCS delivery and lim-
ited quality improvement resources among smaller
practices,15 the Agency for Health care Research and
Quality (AHRQ) funded a national initiative called
EvidenceNOW encouraging health systems and
health professionals to focus on improving the
ABCS and also practice capacity.16,17 EvidenceNOW
funded 7 regional “cooperatives” (the term AHRQ
used to reference grantees) spanning 12 US states to
provide external support interventions at scale to pri-
mary care practices in their region with the goal of
implementing quality improvement strategies target-
ing the ABCS. In this manuscript, we report the
overall effectiveness of EvidenceNOW interventions
on practice-level change in performance on cardio-
vascular disease (ABCS) clinical quality metrics.

Methods
EvidenceNOW Cooperatives enrolled over 1500
practices across 7 regions. Appendix Figure 1 shows
the geographic distribution of EvidenceNOW
Cooperatives. AHRQ also funded an external

Figure 1. EvidenceNOW consort diagram.
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evaluation, Evaluating System Change and Learning
to Take Evidence to Scale (ESCALATES), led by
our team (Cohen, PI).

Interventions

In its Request for Applications, AHRQ sought
applications that proposed multi-component inter-
ventions providing quality improvement support to
small and medium-sized primary care practices. It
strongly encouraged practice facilitation as a central
and unifying intervention. Thus, EvidenceNOW
Cooperatives established infrastructure to deliver
external support to practices recruited in their
regions. They all implemented practice facilitation.
In addition, each cooperative implemented a dis-
tinct package of interventions focused on improving
the ABCS of heart health, including providing
health information technology support to assist
practices with audit and feedback, performance
benchmarking, creating learning collaboratives,
and establishing community linkages. While
Cooperatives targeted interventions at improv-
ing ABCS outcomes, practices varied in the extent
to which they implemented these interventions based
on their motivations, priority, and resources. Each
Cooperative evaluated implementation and effective-
ness of its own intervention.18–24 We (ESCALATES)
evaluated the effectiveness of the overall initiative.17

Study Designs

Because Cooperatives lacked internal practice con-
trols, we used 2 quasi-experimental designs to eval-
uate the overall effectiveness of interventions: (1) an
event study including only intervention practices and
(2) a difference-in-differences approach comparing
intervention practices with an external comparison
group. The study period for both approaches ranged
from the last quarter of 2015 (baseline) to the second
quarter of 2018.

The event study assessed changes in ABCS
relative to intervention start (the event) among
all EvidenceNOW practices. The baseline period
was the quarter just before the start of interven-
tion for each practice cohort (fourth quarter of
2015 for the first cohort to the fourth quarter of
2016 for the fifth cohort). Across Cooperatives,
interventions started in 5 cohorts between the
first quarter of 2016 and the first quarter of 2017
and ended on a rolling basis over the next
12 months.

The difference-in-differences design evaluated
change in outcomes for the years 2015 (preinterven-
tion), 2016 (during intervention) and 2017 (postinter-
vention), comparing EvidenceNOW practices to an
external comparison group of primary care practices
provided by the DARTNet institute.25 The baseline
period for this analysis was the fourth quarter of
2015. Appendix Figure A2 depicts the outcome mea-
surement time periods.

The difference-in-differences design is generally
preferred over other types of pre-post designs (such
as the event study) because it does not rely on the
assumption that outcomes would not have changed
in the absence of the intervention. However, the
design requires outcome trends of comparison
practices (ie, Dartnet) to accurately reflect those of
intervention practices (ie, EvidenceNOW) in the
absence of any intervention.26,27 Because of poten-
tial data quality issues for some measures in the
Dartnet data, we compared findings across both
designs to facilitate interpretation.

Data Sources and Practice Samples

We specified practice samples from 2 data sources:
(1) EvidenceNOW (intervention practices), and (2)
DARTNet (external comparison group).

Intervention Practices
Cooperatives initially assessed 7773 practices for
eligibility and randomized 1795 for interventions
(Figure 1). While eligibility criteria varied some-
what, most Cooperatives excluded larger practices
(defined by AHRQ as ≥10 FTE clinicians) and
those that did not have an electronic health record.
However, 2 cooperatives that were experiencing
challenges recruiting included a few practices with
11 to 15 FTE clinicians. Additional exclusion crite-
ria were specific to Cooperatives’ regional context
(eg, using a specific electronic health record (EHR)
system) and recruitment strategy (eg, from specific
practice networks) and described in detail else-
where.18–24 In addition, for our sensitivity analyses
described below, we further excluded federally
qualified health center (FQHC) practices from the
EvidenceNOW sample for comparability with the
external comparison group.

ABCS outcome metrics were collected from all
practices. We excluded practices with unreliable
outcome data, which included practices that (1)
did not provide outcomes for at least 1 quarter
before the intervention, (2) did not provide
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outcomes following the intervention, and (3) had
low denominator values during one or more study
quarters, defined as fewer than 10 patients in the
denominator for the aspirin measure and fewer
than 30 patients in the denominator for other meas-
ures. Of the 1795 practices randomized to interven-
tions, 1278 (71%) were retained in the final sample.
Specific to each outcome, the final sample had
between 872 (cholesterol) and 1244 (blood pres-
sure) EvidenceNOW practices.
External Comparison Practices. Because Evidence-

NOW Cooperatives’ study designs did not include
internal control practices, we assembled a group of
practices external to EvidenceNOW to serve as a
comparison group. These were derived from the
DARTNet Institute, a real-time EHR data reposi-
tory. The institute provides secure, deidentified
datasets of clinical quality metrics from 12 distinct
practice-based research networks that includes over
1000 primary care practices. We applied the same
exclusion criteria to DartNet practices.25 The final
sample had between 377 (blood pressure) and 688
(smoking) DartNet practices.

As a sensitivity analysis, we defined a subsam-
ple of DARTNet practices located in states rep-
resented within EvidenceNOW because they
might more accurately reflect regional outcome
trends. For this sensitivity analysis (but not the main
analysis), we excluded federally qualified health cen-
ter (FQHC) practices from the EvidenceNOW sub-
sample, because DARTNet did not include FQHC
practices located in EvidenceNOW states. The
EvidenceNOW subsample had between 580 (cho-
lesterol) to 776 (aspirin) practices; the DARTNet
subsample had between 75 (blood pressure) to 117
(smoking) practices.

Measures

The ESCALATES team, in collaboration with
Cooperatives, harmonized ABCS measure defini-
tions and practice characteristics. Details about data
collection are described in previous studies.28,29

Outcomes
We used the Centers for Medicaid and Medicare
Services (CMS) specifications for the ABCS out-
comes in use in 2015 (Table 1). Each outcome
measured the proportion of eligible patients pre-
scribed the recommended treatment in each
practice. Cooperatives obtained practice-level
performance on ABCS outcomes from practices’

electronic health records (EHRs) through qual-
ity reports, health information exchange reports,
or, in some cases, chart audits, and shared with
the ESCALATES team.

Covariates
Practice characteristics were obtained through
surveys administered to participating practices
by Cooperatives; these included: practice size
(solo, 2 to 5, 6 to 10, 11 to 15); practice owner-
ship (clinician-owned, hospital/health system-
owned, FQHC, and other); practice location (ru-
ral, large town, suburban, urban); whether a
practice participated in demonstration programs;
whether a practice was in a medically underserved
area; health insurance distribution (percent of
patients with commercial insurance, uninsured, on
Medicaid, on Medicare, dually eligible for Medicaid
and Medicare, or on other insurance) and race/eth-
nicity distribution (percent of white, black, Hispanic
patients) of practice patient panel. DARTNet data
included practice ownership, race and ethnicity and
practice characteristics.

Statistical Analysis

We used multivariable linear regression models for
both designs. The event study included binary indi-
cators for quarters relative to the last quarter before
start of intervention, ranging from -4 to 9, with 0
indicating the quarter intervention began. These
indicators measured change in the outcome relative
to the last preintervention quarter. We, then
adjusted for practice characteristics and included
binary indicators for Cooperatives, intervention
cohorts and the quarter of first data submission in
the regression. After model estimation, we averaged
coefficients for the fifth to eighth postintervention
quarter, representing changes in the second year of
the intervention.

The difference-in-differences approach included
indicator variables for postintervention calendar
quarters (first quarter of 2016 to second quarter of
2018), a binary indicator for the intervention group
(EvidenceNOW compared with DARTNet), and
interaction terms between time indicators and the
intervention group indicator. Interaction terms
measured changes in outcomes of EvidenceNOW
practices compared with DARTNet practices. We
adjusted for practice characteristics and included bi-
nary indicators for intervention cohorts and the
quarter of first data submission in the regression.
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We then averaged coefficients for the year 2017,
which approximated the second intervention year.
We used bootstrapping with 1000 repetitions to
cluster standard errors at the Cooperative level (for
the event-study) or at the state levels (for the
EvidenceNOW-DARTNet comparison).

To test the assumption that outcomes would
not have changed without intervention in the
event study, we calculated average preintervention

outcome change based on estimates for the fourth
to second preintervention period. We note that
most practices did not submit data starting 4 quar-
ters before intervention begin due to a staggered
recruitment process. For the differences-in-differ-
ences analysis, we assessed differential trends
between EvidenceNOW and DARTNet practices
for the first 2 quarters of 2016. We selected these
two quarters because we lacked a true preintervention

Table 1. Specification of ABCS Clinical Quality Outcome Measures

Aspirin Blood Pressure Cholesterol Smoking

Denominator
Patients 18 years and older with
at least one face to face visit
who (i) had an active diagnosis
of ischemic vascular disease at
any time during the current
measurement period; (ii) were
discharged alive for acute
myocardial infarction,
coronary artery bypass graft or
percutaneous coronary
interventions in the 12months
before the measurement
period

Patients 18 years and older and
85 years or younger with at
least one face to face visit and
active diagnosis of essential
hypertension at any time
before the first date of month
7 of the measurement period
and who did not (i) have an
active diagnosis of pregnancy
at any time during the
measurement period; or (ii)
have evidence of end stage
renal disease, dialysis, or renal
transplant before or during
the measurement period

Patients 21 and older with at least
one face to face visit who have (i)
an active diagnosis of clinical
atherosclerotic cardiovascular
disease during the current
measurement period or any time
period; (ii) LDL-C result >=
190mg/dL at any time during or
before the measurement period;
(iii) aged 40 to 75 years at the
beginning of the measurement
period with an active diagnosis
of diabetes with the highest
LDL-C result of 70 to 189mg/
dL during the current
measurement period or two
years before the beginning of the
measurement period; and who (i)
did not have adverse effect,
allergy or intolerance to statin
medication therapy; (ii) did not
have an active diagnosis of
pregnancy or breastfeeding; (iii)
did not receive palliative care;
(iv) did not have an active liver
disease or hepatic disease of
insufficiency; (v) did not have
end stage renal disease; or (vi)
did not have a most recent
LDL-C results< 70mg/dL for
patients with a diabetes diagnosis
who are not currently receiving
statin medication therapy

Patients 18 years and
older as of the first day
of the measurement
period with at least two
visits during the
measurement period

Numerator
Number of patients who have
documentation of use of
aspirin or another
antithrombotic during the
measurement period

Number of patients whose blood
pressure at the most recent
visit is adequately controlled
(systolic blood pressure< 140
mmgHg and diastolic blood
pressure< 90mm Hg) during
the measurement period

Number of patients with a statin
medication current on the
medication list or prescribed a
statin medication during the
measurement period

Number of patients who
were screened for
tobacco use at least
once within 24months
and who received
tobacco cessation
intervention if
identified as a tobacco
user.

Measurement period (EvidenceNOW practices)
Data quarter and preceding
three quarters

Data quarter and preceding
three quarters

Data quarter and preceding three
quarters

Data quarter and
preceding three
quarters

Notes: Measure specifications are based on CMS164v4 (aspirin prescription when appropriate), CMS165v4 (blood pressure control),
CMS347v1 (cholesterol management) and CMS138v4 (smoking cessation support counseling).
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period for this analysis and because interventions
were unlikely to have immediate effects on out-
comes. When preintervention trends or parallel-
trends test were significant, we estimated trend-
adjusted models.30,31 Trend adjusted models
assumed that trends before the intervention would
have continued at the same rate during the interven-
tion period absent treatment. All analyses were con-
ducted using R version 3.5.1. The Institutional

Review Board of Oregon Health & Science
University approved this study.

Results
Most EvidenceNOW practices (83.4%) had ≤10
clinicians (Table 2). While EvidenceNOW’s
focus was on smaller practices, about 10% of the
practices recruited were slightly larger (11 to 15
clinicians). Sixty percent of practices were in
urban core areas. DARTNet practices were more
than twice as likely to be health system-owned
compared with EvidenceNOW practices.

Very few DARTNet practices (3%) across all
states were FQHCs (none of the DARTNet prac-
tices in EvidenceNOW states were FQHCs).
EvidenceNOW and DARTNet practices had a simi-
lar percentage of white patients. EvidenceNOW
practices had a higher proportion of black and
Hispanic patients compared with DARTNet prac-
tices. Mean baseline ABCS performance among
EvidenceNOW practices were 64.9% (aspirin),
63.6% (blood pressure), 61.5% (cholesterol), and

Table 2. Characteristics of the EvidenceNOW and

DARTNet Practice Sample

Practice and patient
characteristic

EvidenceNOW
Practices

DARTNet
Practices

Practice size
Solo 22.7
2 to 5 clinicians 46.7
6 to 10 clinicians 14.0
11 to 15 clinicians 10.6
Missing 5.9

Practice ownership
Clinician 42.1 46.0
Hospital/health system/
HMO

22.7 46.0

FQHCs 19.6 3.0
Other 11.4 4.9
Missing 4.2 0.0

Practice location
Rural area 12.8
Large town 10.8
Suburban 6.3
Core urban 59.5
Missing 10.6

Insurance status: Fraction of
patients

Uninsured 9.9
Medicaid 23.0
Medicare 22.9
Dually eligible 7.1
Commercially insured 34.5
Other insurance 2.7

Race/ethnicity: Fraction of patients classified as
White 59.8 49.1
Black 15.6 6.0
Unknown race 7.8 0.0
Hispanic 19.1 6.7
Unknown ethnicity 9.3 0.0

Practice participated in demonstration program
No 53.7
Yes 19.7
Missing 26.6

Continued

Table 2. Continued

Practice and patient
characteristic

EvidenceNOW
Practices

DARTNet
Practices

Practice has MUA HER
No 44.5
Yes 18.4
Missing 37.1

Notes: Numbers in the table are percentage values for practice
characteristics and mean percentage values for patient charac-
teristics. The sample includes all practices with at least one valid
ABCS outcome measure during the study period (n = 1278 for
EvidenceNOW practices; n = 613 for DARTNet practices).
Practice location is based on the rural-urban commuting areas
using 2010 Census data. Numbers for insurance status and
race/ethnicity are average percentage values. They do not sum
to 100 percent because practices were not required to report esti-
mates that did so. Dual eligible insurance status includes patients
receiving both Medicaid and Medicare. Demonstration programs
include State Innovation Models Initiative, Comprehensive
Primary Care Initiative, Transforming Clinical Practice Initiative–
Support and Alignment Network, Community Health Worker
training program, Blue Cross/Blue Shield patient-centered medi-
cal home program, Association of State and Territorial Health
Officials’ Million Hearts State Learning Collaborative, Million
Hearts: Cardiovascular Disease Risk Reduction Model, and any
other program identified by the practice. HMO: Health
Management Organization; FQHC: Federally Qualified Health
Center; EHR: electronic health records; MUA: Meaningful Use.
Sources: EvidenceNOW practice survey; DARTNet practice
data.
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62.0% (smoking) with wide variation across practices.
Among DARTNet practices, mean baseline ABCS
levels were 29.6% (aspirin), 64.7% (blood pres-
sure), 39.4% (cholesterol), and 12.6% (smoking).
Except for blood pressure, outcome levels for
DARTNet practices at baseline were much lower
than EvidenceNOW practices.

In the event study, all ABCS outcomes
improved. (Table 3). Average outcome change
2 years after the intervention (between baseline
and the fifth to eighth quarter) was 13.39 per-
centage points (95% CI: 0.61 to 6.17, P< .05)
for aspirin, 11.59 percentage points (95% CI:
0.12 to 3.06, P< .05) for blood pressure, 14.43
percentage points (95% CI: 0.33 to 8.53, P< .05)
for cholesterol and 17.33 (95% CI: 4.70 to 9.96,
P< .001) for smoking. All outcomes improved
gradually during the first 4 postintervention
quarters, and then remained at the same level for
aspirin, blood pressure and cholesterol, while
further increasing for smoking (Figure 2).
Preintervention trend estimates for the event

study were not statistically significant, except for
a positive pretrend for the smoking outcome in
the event study (pretrend estimate: 2.03, P< .01,
Table 3). Adjusting for this pretrend resulted in
a significant negative estimate for smoking (see
Appendix Table B5).

In the difference-in-differences design, paral-
lel-trends test was not statistically significant for
any of the outcomes. As shown in Table 3,
EvidenceNOW practices showed higher perform-
ance on all measures as compared with DARTNet
controls but with varying levels of statistical signifi-
cance (Aspirin 13.75 percentage points, P= .0875;
Blood pressure 12.76 percentage points, P= .0556;
Cholesterol 13.87 percentage points, P= .2990; and
Smoking 18.32 percentage points, P = .0027).
Outcomes for DARTNet practices between 2016
and 2017 did not show any clear trends (Appendix
Figure A2) and aspirin and cholesterol outcomes for
the first and second quarter of 2018 were much
larger than for other quarters. Estimates from sensi-
tivity analysis using the subsample of DARTNet

Table 3. Baseline ABCS Levels and Estimates of Effectiveness of EvidenceNOW

Approach Aspirin Blood Pressure Cholesterol Smoking

Event study
Baseline level, % (SD) 64.9 (23.5) 63.6 (15.0) 61.5 (19.4) 62.0 (30.7)
Change estimate 3.39 1.59 4.43 7.33
95% CI 0.61, 6.17 0.12, 3.06 0.33, 8.53 4.70, 9.96
P value 0.0167 0.0337 0.0342 0.0000
Pre-intervention trend test estimate (P value) 0.58 (0.37) 0.41 (0.19) 1.46 (0.27) 2.03 (0.002)

Difference-in-differences, DARTNet comparison (all states)
Baseline level, % (SD) (EvidenceNOW) 65.1 (23.2) 63.1 (15.2) 62.5 (19.2) 64.9 (30.2)
Baseline level, % (SD) (DARTNet) 29.6 (20.3) 64.7 (20.4) 39.4 (19.2) 12.6 (9.1)
Change estimate 3.75 2.76 3.87 8.32
95% CI �0.56, 8.06 �0.06, 5.58 �3.44, 11.18 2.89, 13.75
P value 0.0875 0.0556 0.2990 0.0027
Parallel trend test estimate (P value) 0.65 (0.50) 0.49 (0.46) 1.49 (0.26) 1.49 (0.35)

Difference-in-differences, DARTNet comparison (EvidenceNOW states)
Baseline level, % (SD) (EvidenceNOW) 64.9 (23.6) 62.9 (15.3) 62.0 (19.0) 61.4 (30.5)
Baseline level, % (SD) (DARTNet) 31.0 (19.6) 63.6 (16.9) 40.9 (21.4) 15.9 (10.7)
Change estimate 4.88 2.87 3.81 11.54
95% CI �3.33, 13.09 0.07, 5.67 �6.46, 14.08 3.56, 19.52
P value 0.2444 0.0447 0.4680 0.0046
Parallel-trends test estimate (P value) �0.54 (0.46) �0.55 (0.74) 0.53 (0.72) 2.67 (0.28)

Notes: For the event study, baseline levels correspond to the last quarter before intervention begin (fourth quarter of 2015 for the
first cohort to fourth quarter of 2016 for the fifth cohort). Estimates of the effect of interventions correspond to average estimates of
the fifth to eighth post-intervention quarters. Pre-intervention trend estimates are based on the fourth to second pre-intervention pe-
riod. For the difference-in-difference analysis, baseline levels correspond to the fourth quarter of 2015. Estimates of the effect of the
intervention correspond to average estimates of the interaction term between an indicator for EvidenceNOW practices and 2017
quarters. Parallel-trends tests are based on the first and second quarter of 2016.
Abbreviations: SD, standard deviation; CI, confidence interval.
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practices from EvidenceNOW regions were similar
in magnitude to the full sample, with 2 coefficients
(blood pressure and smoking) reaching significance
(Table 3).

Discussion
EvidenceNOW was one of the largest primary
care quality improvement initiatives focused on
improving cardiovascular disease preventive care
by providing external support interventions to
smaller practices. Overall effectiveness of these
interventions in improving ABCS outcomes is
best evaluated from trials that incorporate a ro-
bust comparison group of practices, either
through randomization or through external com-
parisons. EvidenceNOW projects were pragmatic
trials with varying designs; thus, in the absence of
control practices, quasi-experimental study designs
can help in making causal inference.32 We employed
2 such designs to evaluate effectiveness of interven-
tions and the results were largely complementary.
We found that EvidenceNOW interventions were
associated with small improvements in the ABCS
quality metrics 2 years after the intervention (event
study). When comparing with an external group of
practices (difference in differences), EvidenceNOW
practices demonstrated improvements for all quality
metrics, but statistically significant improvements
were observed only for the smoking screening/cessa-
tion counseling metric.

Overall, there was consistency of findings across
the 2 designs except for the smoking outcome

metric. The difference in differences design showed
an almost 8 percentage point improvement in smok-
ing among EvidenceNOW practices compared with
Dartnet comparison practices. Importantly, the par-
allel trends test was nonsignificant, suggesting that
our estimate of the smoking improvement might be
appropriate and valid. Thus, observed estimates of
smoking outcome improvement were likely associ-
ated with intervention effects. While the event study
also showed a 7.3 percentage point improvement,
we observed a positive pretrend, possibly suggesting
a secular effect. We did not observe such a trend in
the Dartnet comparison practices and other
studies have also not demonstrated such improve-
ments in `smoking and other outcomes over time.33–
35 It is possible that practices motivated to improve
smoking outcomes may have self-selected into
EvidenceNOW or implemented changes in anticipa-
tion of receiving the intervention. If that were the
case, observed improvements may not be completely
attributable to EvidenceNOW interve-ntions.

Supporting practices by providing facilitation,
expert consultation, and health information tech-
nology in implementing quality improvements has
been shown to improve a range of practice out-
comes.36–40 However, most of these findings come
from small practice samples enrolled in controlled
research studies.19,20,22 This study is one of the first
to assess effectiveness in improving quality metrics
at a large scale when diverse primary care practices
were provided with external support through pri-
mary care extension infrastructure. We observed

Figure 2. Event study estimates.
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small improvements in all ABCS outcomes, with
the smoking metric demonstrating statistical signif-
icance for both research designs. While observed
changes were small, it is important to note that ben-
efits in cardiovascular disease outcomes may be
observed, for instance, even with minor reductions
in blood pressure or just by appropriately prescrib-
ing statins to those at increased risk.1–3

The Affordable Care Act mandated that
Health and Human Services establish a primary
care extension program to provide practices with
external support. However, the program was
never funded.41,42 Our study suggests that such an
extension program could help practices improve
ABCS clinical quality metrics. While improve-
ments in the outcome metrics were small, they
were observed across a large and diverse sample of
practices suggesting that external support inter-
ventions provided to practices may have popula-
tion-level benefits perhaps even for other chronic
conditions such as diabetes and mental health. If
such benefits are to be adopted more widely and
sustained, more research is needed identifying
strategies to mitigate the influence of practice-
level barriers to implementing quality improve-
ments, such as competing demands and a chal-
lenging reimbursement environment for primary
care.

Using two statistical methods including the
inclusion of an external comparison group of prac-
tices is a strength of this evaluation of pragmatic
EvidenceNOW interventions. However, our study
also had several limitations. First, practices had dif-
ferent capabilities in extracting data on ABCS qual-
ity metrics from EHRs, which might have affected
data quality. We minimized this concern by work-
ing collaboratively with cooperatives to ensure data
quality and by excluding practices with unreliable
data. Second, effect estimates might be affected by
practices’ first data submission, either relative to the
time since the intervention or relative to the base-
line quarter. We addressed this concern by includ-
ing indicators for intervention cohorts and the first
quarter of data submission in regressions. Third,
practices submitted baseline data at different points
before intervention start. Therefore, preinterven-
tion trends may not have been precisely estimated.
Fourth, the DARTNet sample was relatively small
limiting power of our difference-in-differences
analysis. Unfortunately, we did not have access to
other suitable external data sources and had to

exclude some practices due to data quality concerns.
Fourth, there may be potential for self-selection
bias as practices that chose to enroll may be more
likely to be motivated to make changes and engage
in facilitation. The relatively high mean baseline out-
come levels may, in part, be because of this reason.
However, we also observed wide variation in baseline
ABCS rates across practices demonstrating that
EvidenceNOW Cooperatives also reached prac-
tices with lower performance on these metrics.
Fifth, data on other confounders (eg, age, race/
ethnicity) were not available and therefore not
included in our analysis. Finally, DARTNet prac-
tices showed large changes in outcomes in 2018
that likely reflect data quality or coding issues.
Although we were unable to identify the underly-
ing reason for those changes, our analysis is based
on change in outcomes using 2017 postinterven-
tion data and thus, these issues did not affect our
findings.

It is important to note that external support
strategies implemented in EvidenceNOW were
based on the best clinical evidence available at the
time of the initiative. Therefore, changes in guide-
lines (such as for aspirin use in 2021) would not be
reflected in this work.

Notwithstanding these limitations, our study
provides valuable lessons for future studies seeking
to evaluate effectiveness of external support inter-
ventions in primary care. First, they should con-
struct a valid comparison group of practices that
follows the same data collection protocols as inter-
vention practices. Second, they should include a
sufficient number of preintervention data points to
reliably attribute outcome change to interventions.
Finally, they should consider using experimental
approaches in allocating practices to interventions
to minimize self-selection bias (eg, cluster-
randomized trial or randomized stepped-wedge
trials).

Conclusion
Our findings suggest that providing external sup-
port interventions in implementing quality
improvement strategies may improve ABCS
quality metrics among smaller primary care prac-
tices. While estimated improvements were small,
they reflected average changes across a large and
diverse sample of practices. Future research
examining number of cardiovascular events
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prevented as a result of these complex, multi-
component interventions is needed to justify
investments in such large-scale primary care
quality improvement programs.

Authors would like to thank Leif Solberg, MD, William Miller,
MD, MS, and Benjamin Crabtree, PhD for their insightful
comments.

To see this article online, please go to: http://jabfm.org/content/
35/5/000.full.
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