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Abstract
Background: Risk assessment with a thorough family health history is recommended by numerous organizations
and is now a required component of the annual physical for Medicare beneficiaries under the Affordable Care Act.
However, there are several barriers to incorporating robust risk assessments into routine care. MeTree, a web-based
patient-facing health risk assessment tool, was developed with the aim of overcoming these barriers. In order to
better understand what factors will be instrumental for broader adoption of risk assessment programs like MeTree
in clinical settings, we obtained funding to perform a type III hybrid implementation-effectiveness study in primary
care clinics at five diverse healthcare systems. Here, we describe the study’s protocol.
Methods/design: MeTree collects personal medical information and a three-generation family health history
from patients on 98 conditions. Using algorithms built entirely from current clinical guidelines, it provides
clinical decision support to providers and patients on 30 conditions. All adult patients with an upcoming
well-visit appointment at one of the 20 intervention clinics are eligible to participate. Patient-oriented risk
reports are provided in real time. Provider-oriented risk reports are uploaded to the electronic medical record
for review at the time of the appointment. Implementation outcomes are enrollment rate of clinics, providers,
and patients (enrolled vs approached) and their representativeness compared to the underlying population.
Primary effectiveness outcomes are the percent of participants newly identified as being at increased risk for
one of the clinical decision support conditions and the percent with appropriate risk-based screening.
Secondary outcomes include percent change in those meeting goals for a healthy lifestyle (diet, exercise, and
smoking). Outcomes are measured through electronic medical record data abstraction, patient surveys, and
surveys/qualitative interviews of clinical staff.
Discussion: This study evaluates factors that are critical to successful implementation of a web-based risk
assessment tool into routine clinical care in a variety of healthcare settings. The result will identify resource
needs and potential barriers and solutions to implementation in each setting as well as an understanding
potential effectiveness.
Trial registration: NCT01956773
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Background
Failure to assess risk for common chronic diseases
before they develop increases the likelihood that primary
care patients will be faced with premature morbidity and
mortality. Risk assessments integrate data from multiple
sources including laboratory, biometric, genetic, environmental, and behavioral. Though the type of data
synthesized for any one disease depends upon the risk
algorithm, many rely heavily upon a detailed family
health history (FHH), and in some cases such as Lynch
syndrome, hemochromatosis, cystic fibrosis, and hereditary arrhythmias, FHH is the only data source [1–6].
Morbidity and mortality reductions are achieved by
linking risk assessment results to evidence-based risk
management guidelines which can both improve outcomes and more efficiently allocate medical resources in
comparison to “one size fits all” medicine by, for
example, encouraging appropriate timing and frequency
of colorectal cancer surveillance [7], appropriate timing
and method of breast cancer surveillance [8–10], breast
cancer chemoprevention [11, 12], and cancer genetic
counseling [13–16]. Given these benefits, risk assessment with a thorough FHH is recommended by numerous medical organizations, including the Centers for
Disease Control and Prevention [17], U.S. Office of the
Surgeon General [18], American Heart Association [4],
and American Society of Clinical Oncology [1].
Implementing FHH-based risk assessment and management guidelines into practice is hindered by system-,
clinician-, and patient-level barriers. System barriers include limited time available to record a thorough FHH
[19–22] and lack of data standardization. Clinician
barriers include limited awareness of the necessary data
elements for risk stratification (e.g., age of onset) and
limited training in how to synthesize FHH data into a
risk management plan [23–26]. Patient barriers include
limited knowledge about their FHH, the essential elements of FHH to provide, and the benefits of risk
management [17, 24]. Health IT tools that collect
patient-entered FHH and provide risk-based clinical
decision support (CDS) have overcome some of these
barriers. Evaluation of these tools has shown that they
improve collection and documentation of high-quality
FHH in 46–78 % of patient encounters [27–29] without
impeding primary care clinic operations. Further,
these tools have demonstrated the potential for high
clinical utility by successfully identifying individuals
who were either unaware of or not adherent to riskbased management [28, 30–32] and improving adherence to cancer screening [17, 33] and lifestyle change
recommendations [34, 35].
In 2004, the Genomedical Connection, a collaboration
by Duke University, University of North Carolina at
Greensboro, and Cone Health, developed the genomic
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medicine model to help integrate personalized medicine
into North Carolina primary care practices [36]. One key
component of this model was the development and
implementation of MeTree, a web-based patient-facing
FHH-driven risk assessment and clinical decision support tool with integrated just-in-time education [37].
The initial version of MeTree, which collected data on
48 medical conditions and generated clinical decision
support on five diseases (hereditary cancer syndromes,
breast cancer, ovarian cancer, colon cancer, and thrombosis), was successfully piloted in three Cone Health
community-based primary care clinics (two intervention
sites and one control). These results included broadbased support from both patients and providers for its
ease of use [38], improved identification of increased risk
primary care patients [38, 39], high quality of FHH
collection [40, 41], and increased alignment of patient
care with risk management guidelines (paper in review).
These encouraging results led to grant funding from
NHGRI and NCI as part of the Implementing Genomics in Practice (IGNITE) network (http://www.ignitegenomics.org) to optimize MeTree and evaluate its
uptake and impact across a variety of diverse real
world settings. Optimization and expansion of MeTree
have been completed and include a tablet friendly user
interface, help text linked to MedlinePlus Connect,
incorporation of American Health Information Community’s requirements for FHH collection [42], full
HL7 standards compatibility (www.hl7.org), data
linked to ICD-9 and SNOMED codes for interoperability, data collection for 90 conditions, clinical
decision support for 30 conditions (breast cancer,
colon cancer, lung cancer, ovarian cancer, hereditary
cancer syndrome, hereditary cardiovascular diseases,
connective tissue diseases, hereditary liver diseases,
abdominal aortic aneurysm, type 2 diabetes, coronary
artery disease, and ischemic stroke), and the addition of a
Spanish version. In this paper, we describe the pragmatic
cluster controlled implementation-effectiveness hybrid
type III trial designed to evaluate the implementation
uptake and clinical utility of MeTree in five diverse
healthcare systems across the USA.

Methods/design
Models

In order to effectively and efficiently integrate the
FHH intervention into clinical practices, we employed
an implementation sciences approach based upon the
reach, efficacy, adoption, implementation, and maintenance (RE-AIM) model [43] and the Weiner organizational
model of innovation implementation [44]. This approach
is the key to understanding the optimal adaptations
necessary for maximizing the impact of risk assessment programs (here represented by MeTree) across
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a diversity of settings—a critical component for facilitating widespread adoption.
The RE-AIM framework assesses an intervention’s
potential to broadly improve population health, and the
likelihood it will be translated into clinical practice. The
model measures the following: Reach (the number,
percent, and representativeness of the eligible intervention population), Effectiveness, Adoption (the number,
percent, and representativeness of the participating
intervention sites), Implementation [the extent of intervention delivery as intended (integrity) and frequency of
use (exposure)], and Maintenance [43].
The adapted Weiner organizational model of innovation
implementation (Fig. 1) builds upon the RE-AIM model
by providing explanatory characteristics for the RE-AIM’s
measures. Within the Weiner model, Implementation
Policies and Practices are organizational strategies for
using an innovation and the actions that follow. Examples
are education and training, recognition and reward,
communication and coordination, and time to experiment
[45]. Implementation Climate is employees’ perception of
the organization’s expectation for innovation use [46].
Innovation-Task Fit is compatibility with task demands,
processes, and organizational capabilities. InnovationValues Fit is compatibility with users’ values [46–49].
Implementation Effectiveness is the consistency and quality
of innovation use [46, 50–52]. Innovation Effectiveness is
the organizational benefits that accrue from innovation
use (i.e., improved clinical care) [46, 48].
Overview of study design

This clinical trial includes five national healthcare
systems with distinct missions and operational profiles:
Duke University Medical Center, Medical College of
Wisconsin (MCW), Essentia Institute of Rural Health
(EIRH), University of North Texas (UNT), and David
Grant U.S. Air Force Medical Center. Duke and MCW
are both academic health centers but each enrolled
clinics that represent different populations: highly
educated middle class, inner city, blue collar, and
suburban. The clinics at EIRH represent rural populations, David Grant military populations, and UNT
migrant Hispanic populations.

Fig. 1 Weiner’s organizational model of innovation implementation
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To understand the characteristics of each of these settings and how they impact uptake and clinical utility, we
developed a pragmatic cluster hybrid implementationeffectiveness type III protocol with three phases (Table 1):
pre-implementation assessments, implementation with
strategic adaptations, and post-implementation assessments [53]. Hybrid study designs provide a structure for
the complex process of collecting two entirely different
types of information: implementation (how well the
intervention is taken up by the clinical sites) and effectiveness (the clinical impact of the intervention). The
choice between type I, II, or III designs depends upon
the amount of underlying effectiveness data, in the case
of type III studies, the effectiveness data is extensive
enough that implementation is the primary outcome and
effectiveness the secondary outcome [53].
Recruitment, enrollment, and sample size

Primary care clinics within each of the five healthcare
systems represent five states, 20 clinics, 79 providers,
and ~45,500 unique patients per year from a variety of
sociodemographic backgrounds (Table 2). Enrolled clinics
were matched by sociodemographic factors to a representative clinic to serve as a control for the health system.
Enrollment occurred in a stepped process with an initial
implementation in one to four clinics. After 3–4 months,
the remainder of the clinics began enrolling. The control
clinics will convert to intervention clinics as part of the
delayed roll out and will begin enrolling 1 year after study
start date. Data from the control clinics will be used to
account for temporal trends in clinical care.
Providers

Since provider decision-making is integral to study outcomes, providers in the participating clinics are enrolled
in the study. Provider-participants are recruited through
in-person clinic meetings and individual email communication. A clinical champion at each clinic is identified to
help facilitate implementation. Educational modules for
providers were developed, including a website (http://
dukepersonalizedmedicine.org/disease-risk-and-diagnosis/
risk-assessments/family-history), a one-page summary of
benefits and activities, and two webinars.
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Table 1 Hybrid implementation-effectiveness design elementsa
Pre-implementation

Implementation

Post-implementation

• Identify current practice patterns

• Assess implementation integrity (used as intended)

• Assess acceptance and satisfaction for stakeholders

• Identify barriers and facilitators

• Assess implementation exposure (used at intervention sites)

• Assess clinical impact for all stakeholders

• Assess feasibility

• Identify explanations and solutions for low integrity or intensity

• Adapt and finalize implementation strategy

• Establish implementation plan

• Modify implementation plan

• Assess impact of final implementation strategy

a

Adapted from [64]

Patients

Patients of enrolled providers who have an upcoming
well-visit appointment and meet inclusion/exclusion
criteria (see below) are sent invitations (via mail or
email) and educational materials 3 weeks prior to their
appointment. Interested participants are enrolled into an
entirely electronic protocol (see below) by a central
coordinator. We anticipate enrolling 3000 patientparticipants at a minimum (to achieve significance for
effectiveness measures), but as an observational study,
we will continue to enroll as many as are interested in
order to maximize our ability to assess differences
across settings, populations, and sociodemographic
factors. To reach this goal, we need to enroll ~157
patient-participants from each intervention clinic.
Assuming a 10 % enrollment rate, we anticipate being
able to enroll 4500 patient-participants.
Patient inclusion/exclusion criteria

Patients must be over the age of 18, English or Spanish
speaking, and have an enrolled provider to be eligible.
Since this proposal focuses upon prevention and not
disease management strategies, those with one of the
CDS study disease (e.g., breast cancer) will not be
excluded from enrollment but will be excluded from
analyses relevant to that disease.
Electronic protocol and participant flow

Interested patients contact the study coordinator, either
by phone or an electronic link embedded in the email
invitation, to create an account in study system. At this
point, the remainder of the study flow is entirely

electronic. When they log-in to their account, they are
emailed a link to an electronic consent. After consenting,
they are emailed a link to complete a web-based baseline
survey (Table 3). Upon completing the survey, they are
emailed a secure link to access MeTree. They may log-in
and out as often as they need to complete data entry. The
patient-participant is required to complete MeTree 2 days
prior to their appointment in order to upload the provider
report to the medical record. At 3 and 12 months postappointment, patients are sent an electronic survey to
complete. In addition, an EMR data query for measures
relevant to risk management and results will be performed
at 12 months (Fig. 2).
Patient education and support

MeTree incorporates embedded FHH education on why
FHH is important for their health, how to use the
program, how to collect FHH from family members, what
to ask about, and what information to gather about their
own health history. A downloadable worksheet facilitates
data collection of the key FHH components. Participants
will collect and enter their own personal information and
FHH into MeTree from a personal computer, mobile
device, or a dedicated clinic kiosk. Within MeTree .api
links to MedlinePlus Connect allow the display of low
literacy content for a disease when the cursor hovers over
the name. Participants are given a support email address
and phone number to contact for assistance if needed.
Delivery of results

Once patient-participants complete MeTree, the patient
report is available in real time to print or save. A

Table 2 Clinical site demographics
Duke

MCW

Essentia

UNT

State(s)

NC

WI

MN, WI, ND, ID

TX

Air force
CA

Setting

Academic

Urban

Rural

Migrant

Military

Female

61 %

51 %

54 %

61 %

19 %

Caucasian

59 %

77 %

99 %

46 %

73 %

Medicare/medicaid

27 %

NA

26 %

70 %

0%

Uninsured

6%

NA

8%

1%

0N

Enrolled clinics

7

5

2

3

3

Waitlisted clinics

1

1

6

2

1
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Table 3 Domains of patient- and physician-oriented outcomes by data source
Data source
MeTree

Patient surveys

Provider survey

Clinic staff survey (ORIC)

Clinic staff interview

Satisfaction

●

●

●

●

Barriers to model use

●

●

Activation

●

Quality of clinical encounter

●

SF-12 (quality of life)

●

Patient activation

●

EHR data pull

Emotional

●

Knowledge

●

Concur with/quality of CDS

●

ORIC

●

Implementation climate

●

●

Behavioral
Medication adherence

●

Lifestyle

●

Rec uptake

●

●

●

●

Discussion of risk/prevention

●

Work flow/processes
Implementation policies/practices

●

●

Intervention values and task fit

●

●

Biological
Demographics

●

FHH

●
●

FHH documentation/ counseling
% completion of MeTree

●

Time to complete MeTree

●

Clinical
Laboratory data

●

●

Screening completed

●

Complications

●

Vital signs and weight

●

●
●

# medications

●

Referrals made
% high-risk patients

●

% with risk-based screening

●

●
●

% with screening completed

●

% with disease at goal
●

Visit length/wait times
Financial
Socioeconomic status

●

Medication costs

●

Office/ER visits/hospitalizations

●

Impact on family members

●
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Fig. 2 Study flow

provider report including disease-oriented CDS based
on current clinical guidelines (e.g., USPSTF, NCCN), a
pedigree, and a tabular FHH is simultaneously generated
and uploaded to the (E)MR. The provider-participant is
then alerted to report availability. At the appointment,
the clinical encounter proceeds as usual (Fig. 2).
Study phases
Pre-implementation

Assessments during the pre-implementation phase were
based on the adapted Weiner organizational model of
innovation implementation. Mixed methods were used
to assess characteristics related to the organizational
environment, providers, and the patient population
being served, in addition to perceived barriers/facilitators, potential adaptations, pros/cons of each intervention aspect (FHH collection, education, CDS output,
CDS delivery, model integration, etc.), IT use, and
comfort with FHH risk stratification (Table 1). A representative sampling of providers and staff was interviewed
over the phone by a dedicated interviewer using a separate
question guide for each position (nursing, clerk, provider,

etc.). All providers and staff members at enrolled clinics
were also invited to complete the organizational readiness
for implementing change (ORIC), a validated survey
instrument based on Weiner’s model [54].
Implementation and post-implementation

During implementation, progress-focused formative
evaluations and summative quantitative measures assess
characteristics related to implementation (implementation effectiveness, innovation effectiveness, sustainability/maintenance). Results are used to understand
barriers arising during implementation, adapt the implementation to overcome those barriers, and identify
critical elements required for the success of the risk
assessment intervention in each environment. Providers
and clinic staff are interviewed informally in an ongoing
manner throughout the study and formally at 6 months
post-enrollment. Providers are interviewed about satisfaction, unexpected barriers, impact on clinic processes
and appointment quality, whether CDS was helpful in
decision making, how patients reacted, and what would
be necessary to establish the intervention as part of their
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routine clinical care. Nurses are interviewed about
impact on workflow, patient questions, and how their
role in the clinic may have changed.
Study measures and outcomes

Quantitative data are obtained in three areas: (1) surveys
of provider- and patient-participants around the uptake
and acceptance of the intervention; (2) clinical effectiveness measures; and (3) patient-centered measures related
to the clinical, behavioral, and emotional domains.
Given the natural tension between implementation
measures, which require considerable input from participants, and pragmatic trials, which assume a hands-off
observational intervention, we have devised measures
across domains and stakeholders that meet both goals.
Note that since the length of the study limits the ability to
assess hard clinical outcomes such as reduction in cardiac
events or incident cancer, we will use Healthcare Effectiveness Data and Information Set measures as intermediate
clinical effectiveness measures for the CDS conditions.
Measures are presented in Tables 3 and 4. Implementation
outcomes are clinic, provider and patient adoption (enrollment rates), and representativeness to the underlying
population. Primary effectiveness outcomes are percent
newly identified high-risk individuals and percent with
appropriate risk-based screening. Secondary outcomes
include percent change in those meeting goals for a
healthy lifestyle (diet, exercise, and smoking).
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Data analysis

Sample size calculations were preformed analytically
using R. For each of the five behavior changes of interest, the baseline rates were obtained from the CDC’s
Behavioral Risk Factor Surveillance Data [55] and are as
follows: breast cancer screening—70 %, colon cancer
screening—55 %, smoking—43 %, healthy diet—24 %,
and controlled LDL—78 %. We analytically determined
the number of patients required to detect a 5, 6, 7, 8, 9,
and 10 % increase or decrease from the baseline rates in
a one-sample test of proportions with a significance level
of 0.05 and 80 % power. To account for within-clinic
correlations in patient behavior, we estimated the
variance inflation factor (VIF) assuming an intraclass
correlation of 15 % [cite PMID: 22585888] with 20
intervention clinics for each behavior of interest. After
accounting for the within-clinic correlation, 20 % attrition, a ~3:1 female to male ratio, and multiple behaviors/comparisons, approximately 2000 patients are
needed to detect 10 % changes and 20,000 are needed
to detect 5 % changes.
Pre-implementation and Implementation qualitative
and quantitative data from physician and staff interviews and surveys will be reviewed by the study PIs and
key personnel for themes to guide the development and
adaptation of the implementation strategy. Particular
attention will be paid to identifying potential barriers
and facilitators that will lead to an implementation plan,

Table 4 RE-AIM implementation outcomes and measures
Outcomes

Measure

Source

Model reach

Representativeness of patient population
to general population

Recruitment data (# enrolling/# invited); SES and
demographics compared to overall population;
compare across clinical settings and institutions

Effectiveness

see Domains of Measures and Outcomes Table

Model adoption

Representativeness of clinics agreeing to participate

Recruitment data on clinic settings and characteristics
as compared to general clinic settings at the
institution; % of providers opting out and their
characteristics compared to overall provider population
in the clinics; formative evaluations on reasons
for opting out

Implementation integrity

% time intervention used as intended

Formative evaluations, study coordinator tracking
patient through steps in the model (ex. MeTree
log-in vs completion), adaptations to the model,
patient and provider FAQs derived during
implementation, % time providers review
CDS output

Implementation exposure

% time intervention used

Formative evaluations, study coordinator tracking
patient through steps of the model

Maintenance and sustainability

Cost to implement

• EHR administrative data for utilization

Cost/effectiveness

• Formative evaluations (clinic resource needs,
successful elements for each setting, factors
association with long-term adoption or not),
• % adoption at study end
• costs/disease prevented, early stage detected,
or visits avoided
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which minimizes changes to workflow and staff duties.
Implementation phase data, such as experience with
the model, satisfaction, and impact on clinic workflow
will be analyzed continuously and used to inform
model adaptation until the time when optimization
has occurred. At that point, frequency of provider
data collection and analysis of both the patient and
provider related data will decrease. The final result
will be an “implementation template” for each general
setting.
Effectiveness data will be summarized with descriptive
statistics and plots. Generalized linear ordinal regression
models (GLO) (the function ordglm from the R statistics
package) will fit ordinal survey outcomes to the continuous outcome variables. Associations will be considered
significant when the regression coefficient is not zero; a
false discovery rate of 5 % will be used to correct for
multiple comparisons. Multivariate analysis will control
for clinic and provider. A p value of <0.1 in stepwise
regression will identify significant factors such as demographics, intent to change, and their interactions. The
analyses for the multiple outcomes will follow the same
procedure as the survey outcomes but using a logistic
regression model that includes the seven covariate
factors (see sample size section). Although the study is
implemented at the level of the clinical practice, the likelihood of clustering is low given that all participants
undergo the intervention and the intervention is aimed
at both the patient and the provider; however, to address
the possibility of clustering, we will calculate a design
effect [56]; if it is 1, we will use standard tests and generalized linear mixed models with clinic and state as random
effects, if not, we will adjust the confidence intervals using
a conditional logistic regression [57]. Effect size bias is
extremely unlikely in this non-randomized study as all
individuals receive the intervention, preventing the imbalance in treatment assignment that can lead to inaccurate
point estimates [57].
RE-AIM data will be analyzed as in Table 4.

Discussion
Risk stratification is an essential first step in mitigating risk
and improving prevention efforts both on an individual
and a population level. FHH is a critical component of that
risk stratification and the most valuable and comprehensive “genetic test” we have available today. While patients
and clinicians acknowledge the value of risk stratification
and FHH [58, 59], there remain significant barriers to
collection and utilization within clinical practice under
current patterns of care [24, 25, 60, 61]. Development and
use of electronic tools for collection and analysis of risk
information has the potential to address many of these
barriers [27–29] and to improve clinical care [29, 62, 63].
Yet at the same time, introducing technology into the
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clinical setting can present its own set of obstacles that
must be evaluated and addressed.
This trial seeks to evaluate both the process of implementation of a web-based FHH platform into diverse
clinical settings and its clinical effectiveness across
those settings. Implementation outcomes will be measured using the RE-AIM framework. Patient-, provider-,
system-level barriers and facilitators to implementation
will be assessed through ongoing surveys of all participants and interviews of representative stakeholders
throughout pre-implementation, implementation, and
post-implementation phases of the study. Maintenance
and sustainability will be measured by development of
a CEA model to assess societal and institutional impact
of such an intervention using prospectively collected
data from the trial when possible. This will allow for
evaluation of the potential impact of MeTree within
different clinical settings and across the US population
as a whole. Clinical effectiveness will be measured
through (E)MR data pulls at the end of the study to
assess provider and patient clinical activity as a result
of the MeTree intervention as well as health behavior
surveys of patient-participants pre- and post-intervention.
While application of technology within healthcare
presents new challenges, it also provides opportunities
to improve the care of patients and their families. This is
particularly true when considering risk assessments which
are best applied systematically with the most up-to-date
and accurate data possible, something that has not been
achievable in current practice. When applied thoughtfully
and methodically, great benefit can be seen for patients
and providers.
Trial status

Providers and patient participants at Duke began enrolling
April 2014, Essentia began enrolling May 2014, MCW
began in October 2014, UNT began in July 2015 and David Grant began in October 2015.
Abbreviations
CEA: cost-effectiveness analysis; CDS: clinical decision support; EIRH: Essentia
Institute of Rural Health; (E)MR: electronic medical record; FHH: family health
history; IGNITE: Implementing Genomics in Practice; MCW: Medical College of
Wisconsin; ORIC: organizational readiness to Implement Change;
UNT: University of North Texas.
Competing interests
Dr. Wu affirms that the manuscript is an honest, accurate, and transparent
account of the study being reported; that no important aspects of the study
have been omitted; and that any discrepancies from the study as planned
(and, if relevant, registered) have been explained. The authors have no
competing interests to report.
Authors’ contributions
RRW had full access to all of the data in the study and takes responsibility
for the integrity of the data and the accuracy of the data analysis. RAM
conducted the data analyses and LAO and RRW were responsible for the
analysis design and review. RRW and LAO collaborated on initial drafts of
this article. All authors read and approved the final manuscript.

Wu et al. Implementation Science (2015) 10:163

Acknowledgements
This paper was written on behalf of the Family Health History Network
which in addition to listed authors include Tejinder Rakhra-Burris, Michael
Musty, Adam Buchanan, Corrine Voils, Nina Sperber, Dana Creighton Baker,
Bruce Peyser, Gloria Trujillo, Lynn Bowlby, J. Franklin Mills, Alison LaPean
Kirschner, Hollie Beaudry, Jill Paradowski, Molly Johnston, Joseph Bianco,
David Hyjek, Jeanette Palcher, and Irina Haller. This study was funded by
NIH grant no. 1 U01 HG007282 and the funder had no involvement in the
design, conduct, data collection, analysis, or manuscript preparation. This
study was approved by the IRBs at all five institutions and the funders: Duke
University, Medical College of Wisconsin, Essentia Institute of Rural Health,
University of North Texas, and David Grant U.S. Air Force Medical center.
Author details
1
Duke Center for Applied Genomics & Precision Medicine and Duke
Department of Medicine, Duke University, 411 West Chapel Hill Street, Ste.
500, Durham, NC 27705, USA. 2Duke Center for Applied Genomics &
Precision Medicine, Duke University, Durham, NC, USA. 3Essentia Institute of
Rural Health, Duluth, MN, USA. 4Human and Molecular Genetics Center,
Medical College of Wisconsin, Milwaukee, WI, USA. 5Center for Urban
Population Health, Aurora University of Wisconsin, Milwaukee, WI, USA.
6
Department of Molecular and Medical Genetics, University of North Texas,
Fort Worth, TX, USA. 7Clinical Investigations Facility, David Grant Medical
Center, U.S. Air Force, Travis, CA, USA. 8Duke Center for Applied Genomics &
Precision Medicine and Duke Department of Medicine and Pathology, Duke
University, Durham, NC, USA. 9Duke Center for Applied Genomics & Precision
Medicine and Duke Department of Medicine, Duke University, Durham, NC,
USA.
Received: 11 October 2015 Accepted: 12 November 2015

Page 9 of 10

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.
References
1. Lu KH, Wood ME, Daniels M, Burke C, Ford J, Kauff ND, et al. American
Society of Clinical Oncology Expert Statement: collection and use of a
cancer family history for oncology providers. J Clin Oncol. 2014;32(8):
833–40. doi:10.1200/JCO.2013.50.9257.
2. Scheuner MT, Whitworth WC, McGruder H, Yoon PW, Khoury MJ. Familial
risk assessment for early-onset coronary heart disease. Genet Med. 2006;8(8):
525–31. doi:10.109701.gim.0000232480.00293.00.
3. Scheuner MT, Whitworth WC, McGruder H, Yoon PW, Khoury MJ.
Expanding the definition of a positive family history for early-onset
coronary heart disease. Genet Med. 2006;8(8):491–501.
doi:10.109701.gim.0000232582.91028.03.
4. Greenland P, Alpert JS, Beller GA, Benjamin EJ, Budoff MJ, Fayad ZA, et al.
2010 ACCF/AHA guideline for assessment of cardiovascular risk
in asymptomatic adults: executive summary: a report of the American
College of Cardiology Foundation/American Heart Association Task
Force on Practice Guidelines. Circulation. 2010;122(25):2748–64.
doi:10.1161/CIR.0b013e3182051bab.
5. American DA. Standards of medical care in diabetes—2011. Diabetes Care.
2011;34 Suppl 1:S11–61. doi:10.2337/dc11-S011.
6. Valdez R, Yoon PW, Liu T, Khoury MJ. Family history and prevalence of
diabetes in the U.S. population: the 6-year results from the National Health
and Nutrition Examination Survey (1999–2004). Diabetes Care. 2007;30(10):
2517–22. doi:10.2337/dc07-0720.
7. Levin B, Lieberman DA, McFarland B, Andrews KS, Brooks D, Bond J, et al.
Screening and surveillance for the early detection of colorectal cancer and
adenomatous polyps, 2008: a joint guideline from the American Cancer
Society, the US Multi-Society Task Force on Colorectal Cancer, and the
American College of Radiology. Gastroenterology. 2008;134(5):1570–95.
doi:10.1053/j.gastro.2008.02.002.
8. Saslow D, Boetes C, Burke W, Harms S, Leach MO, Lehman CD, et al.
American Cancer Society guidelines for breast screening with MRI as an
adjunct to mammography. CA Cancer J Clin. 2007;57(2):75–89.
9. Kent KC, Zwolak RM, Jaff MR, Hollenbeck ST, Thompson RW, Schermerhorn
ML, et al. Screening for abdominal aortic aneurysm: a consensus statement.
J Vasc Surg. 2004;39(1):267–9. doi:10.1016/j.jvs.2003.08.019.
10. Domchek SM, Friebel TM, Singer CF, Evans DG, Lynch HT, Isaacs C, et al.
Association of risk-reducing surgery in BRCA1 or BRCA2 mutation carriers

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

with cancer risk and mortality. JAMA. 2010;304(9):967–75. doi:10.1001/jama.
2010.1237.
Fisher B, Costantino JP, Wickerham DL, Redmond CK, Kavanah M,
Cronin WM, et al. Tamoxifen for prevention of breast cancer: report
of the National Surgical Adjuvant Breast and Bowel Project P-1 Study.
J Natl Cancer Inst. 1998;90(18):1371–88.
Vogel VG, Costantino JP, Wickerham DL, Cronin WM, Cecchini RS,
Atkins JN, et al. Effects of tamoxifen vs raloxifene on the risk of
developing invasive breast cancer and other disease outcomes: the
NSABP Study of Tamoxifen and Raloxifene (STAR) P-2 trial. JAMA.
2006;295(23):2727–41. doi:10.1001/jama.295.23.joc60074.
Scheuer L, Kauff N, Robson M, Kelly B, Barakat R, Satagopan J, et al.
Outcome of preventive surgery and screening for breast and ovarian
cancer in BRCA mutation carriers. J Clin Oncol. 2002;20(5):1260–8.
Palmer CG, Hadley DW. Evaluating the impact of genetic counseling and
testing with signal detection methods. J Genet Couns. 2005;14(1):17–27.
doi:10.1007/s10897-005-1497-4.
Johnson KA, Trimbath JD, Petersen GM, Griffin CA, Giardiello FM. Impact of
genetic counseling and testing on colorectal cancer screening behavior.
Genet Test. 2002;6(4):303–6. doi:10.1089/10906570260471831.
Halbert CH, Lynch H, Lynch J, Main D, Kucharski S, Rustgi AK, et al. Colon
cancer screening practices following genetic testing for hereditary
nonpolyposis colon cancer (HNPCC) mutations. Arch Intern Med. 2004;
164(17):1881–7. doi:10.1001/archinte.164.17.1881.
Berg AOBM, Botkin JR, Driscoll DA, Fishman PA, Guarino PD, Hiatt RA, et al.
National Institutes of Health state-of-the-science conference statement:
family history and improving health. Ann Intern Med. 2009;151(12):872–7.
Office of Surgeon General. Family history initiative. 2014.
http://www.hhs.gov/familyhistory/.
de Hoog CLMM, Portegijs PJM, Stoffers HEJH. Family history tools for
primary care are not ready yet to be implemented. A systematic review.
Eur J Gen Pract. 2014;20(2):125–33.
Rich EC, Burke W, Heaton CJ, Haga S, Pinsky L, Short MP, et al. Reconsidering
the family history in primary care. J Gen Intern Med. 2004;19(3):273–80.
Acheson LS, Wiesner GL, Zyzanski SJ, Goodwin MA, Stange KC.
Family history-taking in community family practice: implications
for genetic screening. Genet Med. 2000;2(3):180–5.
doi:10.109700125817-200005000-00004.
Powell KP, Christianson CA, Hahn SE, Dave G, Evans LR, Blanton SH, et al.
Collection of family health history for assessment of chronic disease risk in
primary care. NCMJ. 2013;74(4):279–86.
Valdez R, Yoon PW, Liu T, Khoury MJ. Family history and prevalence of
diabetes in the US population: 6-year results from the National Health
and Nutrition Examination Survey (NHANES, 1999 2004). Diabetes. 2007.
doi:10.2337/db07-0720x
Qureshi N, Wilson B, Santaguida P, Little J, Carroll J, Allanson J, et al. Family
history and improving health. Evid Rep Technol Assess. 2009;186:1–135.
Gramling R, Nash J, Siren K, Eaton C, Culpepper L. Family physician
self-efficacy with screening for inherited cancer risk. Ann Fam Med.
2004;2(2):130–2.
Wilson BJ, Qureshi N, Santaguida P, Little J, Carroll JC, Allanson J et al.
Systematic review: family history in risk assessment for common diseases.
Ann Intern Med. 2009. doi:10.1059/0003-4819-151-12-200912150-00177.
Cohn WF, Ropka ME, Pelletier SL, Barrett JR, Kinzie MB, Harrison MB, et al.
Health Heritage(c) a web-based tool for the collection and assessment of
family health history: initial user experience and analytic validity. Public
health genomics. 2010;13(7–8):477–91. doi:10.1159/000294415.
Qureshi N, Carroll JC, Wilson B, Santaguida P, Allanson J, Brouwers M, et al.
The current state of cancer family history collection tools in primary
care: a systematic review. Genet Med. 2009;11(7):495–506.
doi:10.1097/GIM.0b013e3181a7e8e0.
Wu RR, Himmel TL, Buchanan AH, Powell KP, Hauser ER, Ginsburg GS,
et al. Quality of family history collection with use of a patient facing
family history assessment tool. BMC Fam Pract. 2014;15(1):31.
doi:10.1186/1471-2296-15-31.
Rubinstein WS, Acheson LS, O'Neill SM, Ruffin MT, Wang C, Beaumont JL, et al.
Clinical utility of family history for cancer screening and referral in
primary care: a report from the Family Healthware Impact Trial. Genet
Med. 2011;13(11):956–65. doi:10.1097/GIM.0b013e3182241d88.
Buchanan AH, Christianson CA, Himmel T, Powell KP, Agbaje A,
Ginsburg GS et al. Use of a patient-entered family health history

Wu et al. Implementation Science (2015) 10:163

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.
45.
46.
47.
48.

49.
50.
51.
52.
53.

tool with decision support in primary care: impact of identification
of increased risk patients on genetic counseling attendance. J Genet
Couns. 2014. doi:10.1007/s10897-014-9753-0
Qureshi N, Armstrong S, Dhiman P, Saukko P, Middlemass J, Evans PH, et al. Effect
of adding systematic family history enquiry to cardiovascular disease risk
assessment in primary care: a matched-pair, cluster randomized trial. Ann Intern
Med. 2012;156(4):253–62. doi:10.7326/0003-4819-156-4-201202210-00002.
Westman J, Hampel H, Bradley T. Efficacy of a touchscreen computer based
family cancer history questionnaire and subsequent cancer risk assessment.
J Med Genet. 2000;37(5):354–60.
O'Neill SM, Rubinstein WS, Wang C, Yoon PW, Acheson LS, Rothrock N, et al.
Familial risk for common diseases in primary care: the Family Healthware Impact
Trial. Am J Prev Med. 2009;36(6):506–14. doi:10.1016/j.amepre.2009.03.002.
Ruffin MT, Nease Jr DE, Sen A, Pace WD, Wang C, Acheson LS, et al.
Effect of preventive messages tailored to family history on health
behaviors: the Family Healthware Impact Trial. Ann Fam Med. 2011;9(1):
3–11. doi:10.1370/afm.1197.
Orlando LA, Henrich V, Hauser ER, Wilson C, Ginsburg GS. The genomic
medicine model: an integrated approach to implementation of family
health history in primary care. Pers Med. 2013;10(3):295–306.
Orlando LA, Buchanan AH, Hahn SE, Christianson CA, Powell KP,
Skinner CS, et al. Development and validation of a primary care-based
family health history and decision support program (MeTree©). NCMJ.
2013;74(4):287–96.
Wu RW, Orlando LA, Himmel T, Buchanan AH, Powell KP, Hauser ER, et al.
Patient and primary care provider experience using a family health history
collection, risk stratification, and clinical decision support tool: a type 2
hybrid controlled implementation-effectiveness trial. BMC Fam Pract. 2013;
14:111. doi:10.1186/1471-2296-14-111.
Orlando LA, Wu RR, Beadles C, Himmel T, Buchanan AH, Powell KP et al.
Implementing family health history risk stratification in primary care: impact
of guideline criteria on populations and resource demand. Am J Med
Genet. 2014;in press.
Beadles C, Wu RW, Himmel T, Buchanan AH, Powell KP, Hauser ER, et al.
Providing patient education: impact on quantity and quality of family
health history collection. Familial Cancer. 2014;13(2):325–32. In review.
Wu RR, Himmel T, Buchanan A, Powell KP, Hauser E, Ginsburg GS et al.
Quality of family history collection with use of a patient facing family
history assessment tool. BMC Fam Pract. 2014;in press.
Feero WG, Bigley MB, Brinner KM, Family Health History Multi-Stakeholder
Workgroup of the American Health Information C. . New standards and
enhanced utility for family health history information in the electronic
health record: an update from the American Health Information
Community's Family Health History Multi-Stakeholder Workgroup. J Am
Med Inform Assoc. 2008;15(6):723–8. doi:10.1197/jamia.M2793.
Jilcott S, Ammerman A, Sommers J, Glasgow RE. Applying the RE-AIM
framework to assess the public health impact of policy change. Ann Behav
Med. 2007;34(2):105–14.
Weiner BJ. A theory of organizational readiness for change. Implement Sci.
2009;4:67. doi:10.1186/1748-5908-4-67.
Klein KJ, Conn AB, Sorra JS. Implementing computerized technology: an
organizational analysis. J Appl Psychol. 2001;86(5):811–24.
Klein KJ, Sorra JS. The challenge of innovation implementation. Acad Manag
Rev. 1996;21:1055–80.
Leonard-Barton D. Implementation as mutual adaptation of technology and
organization. Res Policy. 1988;17:251–67.
Holahan PJ, Aronson ZH, Jurkat MP, FD. S. Implementing computer
technology: a multiorganizational test of Klein and Sorra's model. J Eng
Technol Manag. 2004;21:31–50.
Leonard-Barton D. Implementation characteristics of organizational
innovations. Commun Res. 1988;15:603–31.
Cooper RB, Zmud RW. Information technology implementation research:
a technological diffusion approach. Manag Sci. 1990;36:123–39.
Fichman RG, Kemerer CF. The assimilation of software process innovations:
an organizational learning perspective. Manag Sci. 1997;43:1345–63.
Fichman RG, Kemerer CF. The illusory diffusion of innovation: an
examination of assimilation gaps. Inf Syst Res. 1999;10:255–75.
Curran GM, Bauer M, Mittman B, Pyne JM, Stetler C. Effectiveness-implementation
hybrid designs: combining elements of clinical effectiveness and implementation
research to enhance public health impact. Med Care. 2012;50(3):217–26.

Page 10 of 10

54. Shea CM, Jacobs SR, Esserman DA, Bruce K, Weiner BJ. Organizational
readiness for implementing change: a psychometric assessment of a new
measure. Implement Sci. 2014;9:7. doi:10.1186/1748-5908-9-7.
55. (CDC). Behavioral risk factor surveillance system survey data. In: Prevention
CfDCa, editor. Atlanta, GA: US Department of Health and Human Services.
http://www.cdc.gov/brfss/. 2008.
56. Kerry SM, Bland JM. The intracluster correlation coefficient in cluster
randomisation. BMJ. 1998;316(7142):1455.
57. Localio AR, Berlin JA, Ten Have TR, Kimmel SE. Adjustments for center in
multicenter studies: an overview. Ann Intern Med. 2001;135(2):112–23.
58. Foland J, B B. Family health history data collection in Connecticut. In: Office
CDoPHG, editor. Hartford, CT: Connecticut Department of Public Health; 2014
59. Centers for Disease C, Prevention. Awareness of family health history as
a risk factor for disease—United States, 2004. MMWR Morb Mortal Wkly
Rep. 2004;53(44):1044–7.
60. Berg AO, Baird MA, Botkin JR, Driscoll DA, Fishman PA, Guarino PD, et al.
National Institutes of Health state-of-the-science conference statement:
family history and improving health. Ann Intern Med. 2009;151(12):872–7.
doi:10.1059/0003-4819-151-12-200912150-00165.
61. Wilson BJ, Qureshi N, Santaguida P, Little J, Carroll JC, Allanson J, et al. Systematic
review: family history in risk assessment for common diseases. Ann Intern Med.
2009;151(12):878–85. doi:10.1059/0003-4819-151-12-200912150-00177.
62. Orlando LA, Wu RR, Beadles C, Himmel T, Buchanan AH, Powell KP et al.
Implementing family health history risk stratification in primary care: impact
of guideline criteria on populations and resource demand. Am J Med Genet
C Semin Med Genet. 2014. doi:10.1002/ajmg.c.31388.
63. Beadles CA, Ryanne Wu R, Himmel T, Buchanan AH, Powell KP, Hauser E et al.
Providing patient education: impact on quantity and quality of family health
history collection. Fam Cancer. 2014. doi:10.1007/s10689-014-9701-z
64. Smith J, editor. Evaluation methods in implementation research: an
introduction. Implementation Science Meeting; 2010

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

