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Designing a patient-centered personal health
record to promote preventive care

Alex H Krist'?", Eric Peele?, Steven H Woolf', Stephen F Rothemich', John F Loomis®, Daniel R Longo' and
Anton J Kuzel'

Abstract

Background: Evidence-based preventive services offer profound health benefits, yet Americans receive only half of
indicated care. A variety of government and specialty society policy initiatives are promoting the adoption of
information technologies to engage patients in their care, such as personal health records, but current systems
may not utilize the technology's full potential.

Methods: Using a previously described model to make information technology more patient-centered, we
developed an interactive preventive health record (IPHR) designed to more deeply engage patients in preventive
care and health promotion. We recruited 14 primary care practices to promote the IPHR to all adult patients and
sought practice and patient input in designing the IPHR to ensure its usability, salience, and generalizability. The
input involved patient usability tests, practice workflow observations, learning collaboratives, and patient feedback.
Use of the IPHR was measured using practice appointment and IPHR databases.

Results: The IPHR that emerged from this process generates tailored patient recommendations based on
guidelines from the US. Preventive Services Task Force and other organizations. It extracts clinical data from the
practices’ electronic medical record and obtains health risk assessment information from patients. Clinical content is
translated and explained in lay language. Recommendations review the benefits and uncertainties of services and
possible actions for patients and clinicians. Embedded in recommendations are self management tools, risk
calculators, decision aids, and community resources - selected to match patient’s clinical circumstances. Within six
months, practices had encouraged 14.4% of patients to use the IPHR (ranging from 1.5% to 28.3% across the 14
practices). Practices successfully incorporated the IPHR into workflow, using it to prepare patients for visits,
augment health behavior counseling, explain test results, automatically issue patient reminders for overdue
services, prompt clinicians about needed services, and formulate personalized prevention plans.

Conclusions: The IPHR demonstrates that a patient-centered personal health record that interfaces with the
electronic medical record can give patients a high level of individualized guidance and be successfully adopted by
busy primary care practices. Further study and refinement are necessary to make information systems even more
patient-centered and to demonstrate their impact on care.

Trial Registration: Clinicaltrials.gov identifier: NCT00589173

Background

Clinical preventive care can be highly effective at
extending and improving the quality of life [1-5], but
patients receive only half of indicated preventive services
[6]. A host of patient, clinician, and health care system
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barriers exist [7-9]. Patients may lack knowledge about
needed services, have limited motivation to receive ser-
vices, or face logistical challenges. Clinicians may fail to
address needed services due to oversight, lack of time,
and competing demands. The healthcare system is frag-
mented and there are few tools and little infrastructure
to support both clinicians and patients. To a large
extent, the typical system for delivering preventive care
is reactive, relying on patients to schedule wellness visits

© 2011 Krist et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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and clinicians to recognize when preventive care is due.
As a result, the patients most in need of preventive care
are often seen only for sick visits.

A new generation of personal health records (PHRs)
has the potential to introduce a more proactive dynamic
to health promotion and disease prevention. These tech-
nologies have the ability to empower patients with infor-
mation, alert them when preventive services are due,
and help them implement guidelines—but only if they
are properly designed, adopted, and implemented. To
address delivery barriers, these new PHRs will need to
move beyond a record keeping functionality to collect,
interpret, and translate medical information for patients.
Additionally, PHRs will need to help patients and clini-
cians take action based on the information. Accordingly,
national movements aimed at transforming healthcare
delivery, including the patient-centered medical home,
meaningful use, the Health Information Technology for
Economic and Clinical Health (HITECH) Act, and the
Affordable Care Act, advocate significant advances in
the functionalities of PHRs [10-13].

The Evolution of PHRs

Patients collecting and retaining paper copies of their
immunizations and medical records can be viewed as
the earliest form of a PHR. With the advent of the com-
puter age, these paper-based systems evolved into elec-
tronic formats [14]. Websites and software products
emerged that allowed patients to type in their medical
information. The next advance in PHRs was to interface
with electronic information to access clinical data that
patients either do not know or cannot recall accurately.
Some systems were “stand alone,” extracting information
from claims and insurer data or external registries
[15,16]. Other systems were “integrated,” being con-
nected directly to the electronic medical record (EMR)
of the patient’s clinician and potentially allowing a bidir-
ectional flow of information [17,18]. Linking to records
allowed the PHRs to show patients lists of medications,
diagnoses, laboratory results, and test dates. Now, PHRs
are evolving to promote clinician patient communica-
tion through secure messaging, which is highly desired
by patients [19]. It can allow patients to ask questions
and clinicians to send simple responses, instructions,
reports, clinical data, and reminders. Some PHRs also
provide basic recommendations about when patients
need preventive and chronic care based on when they
last received a service; and to deliver educational materi-
als to the patient over the web.

These PHR advances have been very beneficial to
patients, but the technology allows more to be done,
particularly to promote the delivery of preventive care.
For example, a messaging service that allows patients to
communicate with clinicians is a reactive feature,
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whereas current technology can be proactive in giving
patients instant access to comprehensive recommenda-
tions and information about priorities for improving
their health that may have escaped their attention.

Showing patients their medical information from clini-
cal datasets and EMRs can help patients and clinicians
reach a common understanding of diagnoses, medica-
tions, and results [20,21]. However, much of the infor-
mation and clinical terminology needs translation into
lay language. Diagnoses generated through an adminis-
trative claims process may even be phrased as arcane
ICD-9 codes. Medications as well as laboratory, radiol-
ogy, and procedural tests may be labeled for clinicians
and not patients (e.g. fecal occult blood test rather than
stool test for colon cancer screening or “2 PO BID”
rather than “take 2 pills twice daily by mouth”).

Displaying clinical information without interpretation
or context does not inform patients about what they
need to do to improve their health. Some PHRs are
beginning to provide basic interpretation [22], as seen
by providing laboratory reference ranges. While useful
for some values, many laboratory reference ranges are
incorrect for individual patients. An example is the
automated labeling of low density lipoprotein cholesterol
values of greater than 100 mg/dL as abnormal, which
only applies to patients with coronary artery disease or
an equivalent risk.

Other PHRs allow practices to define the age and fre-
quency they wish patients to receive services; the PHR
then shows patients lists of when they received a test
and when it is due next based on rules defined by the
practice. This can overly simplify complex national
guidelines and it is inefficient for practices to individu-
ally recreate prevention rules. Many recommendations
need to be personalized to each patient’s complex his-
tory (e.g. family history, prior results, and abnormal
values); generating recommendations merely on a
patient’s age and gender will make recommendations
appear less relevant for patients. Additionally, there is
uncertainty about some recommendations and conflicts
between different organizations’ recommendations. This
uncertainty and conflict needs to be presented to
patients and clinicians in a manner that can allow them
to decide what is right for them [23].

Finally, to promote delivery of preventive services,
PHRs should provide support to allow patients and clin-
icians to act on recommendations. The specific support
needed varies depending on each patient’s circumstances
as well as local resources but may include educational
materials, decision aids, risk calculators, logistical sup-
port, and reminders. All of these features could be pro-
grammed into PHRs.

We sought to create and test a patient-centered PHR
to more deeply engage patients in preventive care and
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health promotion, overcoming many of the barriers
described above. The PHR that we developed is an
interactive preventive health record (IPHR). Ongoing
studies are evaluating its impact on outcomes. This
manuscript describes the design and development of the
IPHR and its use by patients and practices.

Methods

The IPHR was created over a series of three research
studies - a randomized controlled trial to test whether
patients mailed an invitation to use the IPHR increased
delivery of preventive services (Efficacy trial, 2007-
2010) and two prospective time series analyses to
assess the reach, effect, adoption, implementation and
maintenance of the IPHR as it was fielded to an entire
primary care practice population (Adoption trial, 2010-
2012) and to a diverse range of primary care practices
(Dissemination trial, 2009-2011) [24,25]. The Efficacy
trial was conducted in 8 practices on a subset of their
patients to determine if the IPHR increased the deliv-
ery of recommended preventive care. The Adoption
trial observed whether these eight practices could
extend the IPHR to all adult patients utilizing existing
primary care workflow and resources and whether
similar the benefits seen in the Efficacy trial would be
replicated. The Dissemination trial extended the IPHR
to an additional 6 practices, selected to represent a
range of primary care settings, to see if use of the
IPHR could be generalized across settings. These latter
two studies were designed to assess the generalizability
and scalability of the IPHR.

To ensure that the IPHR’s design was compatible with
primary care practice workflow and met users’ needs,
extensive patient and clinician input was obtained
throughout development and implementation. During
early development in the Efficacy trial, usability tests
were performed with 30 patients to solicit input on con-
tent, layout, and comprehension of material. Workflow
was observed at the study sites. Clinicians, nurses, and
staff were interviewed to determine what tools they
needed to help deliver preventive care. Four patient
focus groups and two practice clinician and staff focus
groups provided additional insights on the IPHR’s
design at the end of the trial. Based on these findings,
the IPHR was further revised for the Adoption and Dis-
semination trials. Clinicians, nurses, and staff partici-
pated in seven learning collaboratives at each site to
define their prevention delivery workflow before IPHR
implementation, modify their workflow to incorporate
the IPHR, and share successes and challenges during the
IPHR implementation phase. Patients were provided a
mechanism to send feedback and content requests to
the IPHR developers as they used the system. Through-
out these processes the IPHR was continually improved,
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collectively resulting in both patients and clinicians
shaping the IPHR’s design.

Fourteen primary care practices in the Virginia Ambu-
latory Care Outcomes Network (ACORN) with varying
locations, patient populations, information systems,
informatics experience, and organizational culture parti-
cipated in the three trials (Figure 1) [26]. Practices were
selected to represent a spectrum of typical primary care
practices. The practices ranged in size from 2 to 42 clin-
icians (mean 9.8 clinicians) and were distributed
throughout the state of Virginia (2 rural, 2 urban, and
10 suburban). Four practices belonged to larger health
systems while the others were independent practices.
The practices used the Enterprise™, Professional™, and
Epic™ EMRs. Two practices had no PHR, 9 used
Intuit™, and 3 used the MyChart™ PHR. The IPHR
was integrated into MyChart™ as an application, but
fielded in parallel to Intuit™ (see “Establishing an
Account,” below).

In addition to reporting on the IPHR design and
development, this manuscript reports patient use of the
system during the first six months of the Adoption and
Dissemination trial (Nov 2010 - May 2011). Demo-
graphic data on all patients seen in the practices were
obtained from the practices” EMR. Similar demographic
data about patients who used the IPHR and the dates
they used the IPHR were obtained from the IPHR data-
base. Patient use of the IPHR was defined as the percent
of patients, age 18 to 75 years, who had an office visit
after the practice adopted the IPHR (denominator) and
who used the IPHR to receive prevention recommenda-
tions (numerator). How patients used the IPHR (number
of pages viewed and length of time viewing the IPHR)
was tracked in aggregate for all patients, using Google
Analytics.

Results

Technical Advance

The IPHR design is based on a conceptual model to
make information technology more patient-centered
[27]. The model specifies five necessary components
which include: (1) collecting patient information, (2)
integrating existing clinical data, (3) interpreting patient
information, (4) providing personalized recommenda-
tions, and (5) facilitating patient and clinician action.
How these components were operationalized is
described in greater detail below.

The IPHR addresses 18 clinical preventive services and
their associated chronic conditions (Figure 2). Preventive
services that have received an “A” or “B” recommenda-
tion from the U.S. Preventive Services Task Force
(USPSTEF) and that were prioritized by the National
Commission on Prevention Priorities were selected for
inclusion in the IPHR. The IPHR also addresses some of
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Primary care Trial Number of Ave office Location  Ownership Residency EMR PHR
practice sites participation clinicians  visits per day
Practice #1 E, A 42 223 Suburban  Independent Y Enterprise™ Intuit™
Practice #2 E, 4 72 Suburban  Independent N Enterprise™ Intuit™
Practice #3 E A 10 189 Suburban  Independent N Enterprise™ Intuit™
Practice #4 E, A 2 39 Suburban  Independent N Enterprise™ Intuit™
Practice #5 E A 9 172 Suburban  Independent N Enterprise™ Intuit™
Practice #6 E A 2 40 Suburban  Independent N Enterprise™ Intuit™
Practice #7 E A 6 97 Suburban  Independent N Enterprise™ Intuit™
Practice #8 E,A 12 168 Suburban  Independent N Enterprise™ Intuit™
Practice #9 D 7 123 Rural Independent N Professional ™ None
Practice #10 D 23 70 Rural Health system Y Professional™ None
Practice #11 D 9 241 Suburban  Independent N Professional™ Intuit™
Practice #12 D 5 89 Urban Health system N Epic™ MyChart™
Practice #13 D 3 49 Urban Health system N Epic™ MyChart™
Practice #14 D 3 56 Suburban  Health system N Epic™ MyChart™
Figure 1 Characteristics of the Primary Care Practices Participating in the Efficacy, Adoption, and Dissemination Trials. E = Efficacy trial,
A = Adoption Trial, D = Dissemination trial.
A\

the chronic care recommendations associated with the
USPSTF recommendations. For example, in addition to
addressing screening for high cholesterol, the IPHR
addresses managing high cholesterol.

Establishing an Account

We designed the IPHR to function in a wide range of
primary care practices, including practices with diverse
information technology infrastructure. Accordingly, the
IPHR can function as a stand-alone system dedicated to
prevention (as in the study practices with no PHR or
Intuit™) or integrated into a practice’s existing PHR
with administrative functionality and secure messaging
(as in the practices using MyChart™). The stand-alone
version is web-based: clinicians direct patients to http://
www.MyPreventiveCare.org and provide them with an
individual identification (ID) number to establish an
account. The ID number is required to allow the IPHR
to connect to secure clinical information residing in the
EMR (see “Information Sources,” below). In the PHR-

integrated version, patients use their existing PHR and
click on the IPHR link, which launches the IPHR with
their ID encrypted for a seamless single sign-on
experience.

Information Sources
Once a patient establishes an IPHR account, the IPHR
makes an open data base connection (ODBC) to the
EMR of the patient’s personal clinician and extracts all
relevant and available clinical data (see Figure 3). These
data elements represent standard clinical elements from
patients’ records. Accordingly, the IPHR can access this
information from any electronic clinical data source.
Patients are then shown their history, medications,
immunizations, test dates, and results that relate to pre-
ventive care; and patients are asked to review, correct,
and update their information.

Next, the [IPHR administers a brief health risk assess-
ment to ask patients about information that is not
entered well electronically into EMRs or for which

Screening tests Counseling services Immunizations
Colorectal cancer Aspirin prophylaxis Pneumococcal
Cervical cancer Smoking cessation Influenza
Breast cancer Healthy diet Tetanus
Prostate cancer Physical activity

Diabetes Weight loss

Hypertension

Hyperlipidemia

Abdominal aortic aneurysm

Osteoporosis

Chlamydia infection

Figure 2 Preventive Services Addressed by the IPHR.
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Demographics Diagnoses Surgeries Family history Health behaviors Medications
Date of birth Colorectal cancer Hysterectomy Colorectal cancer Diet Aspirin
Gender Breast cancer Prostate cancer Physical activity
Race/ethnicity Cervical cancer — Patient report Heart disease Smoking status — Derived from EMR
Prostate cancer — Includes categorical — Includes dose, date
— Derived from EMR Coronary disease value (e.g. had — Patient report — Patient report prescribed, and
(except race and Heart failure versus didn’t have) — Includes relation of - Includes behavior EMR modifiers (e.g.
ethnicity which Hypertension person affected and and date reported active or resolved
patient provides) Hyperlipidemia age of onset medication
— Includes values Lung disease
Asthma
Diabetes
Osteoporosis
— Derived from EMR
— Includes EMR
modifiers (e.g,
active, resolved
problem) and onset
date
Vital signs Immunizations Results Radiology Procedures Abnormalities
Height Pneumococcal Stool blood Mammogram Colonoscopy Colonoscopy
Weight Influenza LDL Dexa scan Sigmoidoscopy Sigmoidoscopy
Blood pressure Tetanus HDL Abdominal aortic Mammogram
Plasma glucose aneurysm imaging —Derived from EMR Dexa scan
— Derived from EMR - Derived from EMR Hemoglobin A1c (e.g., ultrasound, CT —Includes test date Abdominal aortic
- Includes date — Includes date PSA scan) aneurysm imaging
measured and administered Pap smear
value — Derived from EMR — Patient report
— Derived from EMR — Includes test date — Includes categorical
— Includes test date value (e.g. normal
and value versus abnormal)

Figure 3 Minimum Clinical Dataset Required by IPHR to Generate Personalized Prevention Recommendations. The above elements are
necessary to determine applicability of U.S. Preventive Services Task Force recommendations. CT = computed tomography, HDL = high-density
lipoproteins, LDL = low-density lipoproteins, PSA = prostate specific antigen.

patients are the ultimate authority (e.g., health behaviors
and psychosocial measures). Specifically, the IPHR’s
patient health risk assessment includes three questions
about health behaviors and 9 questions about race/eth-
nicity, family history, and whether the patient previously
had an abnormal pap smear, mammogram, or colono-
scopy/sigmoidoscopy. The study sites reported not
recording race/ethnicity in their EMR. The EMRs used
by the study sites did not make it easy for clinicians to
record family history with the necessary specificity to
make screening recommendations (e.g. having a first
degree relative with colorectal cancer diagnosed before
the age of 60 years). While the IPHR could determine if
other preventive results were normal or abnormal from
the EMR data, findings from pap smears, mammograms,
and biopsy reports from colonoscopies/simoidoscopies
were recorded as text that the IPHR could not electroni-
cally interpret.

Generating Personalized Recommendations

Next the IPHR makes personalized recommendations,
based on nationally endorsed, evidence-based guidelines
and relevant patient characteristics. The IPHR recom-
mendations rely primarily on USPSTF guidelines but
also incorporate recommendations from the Joint

National Committee on Prevention, Detection, Evalua-
tion and Treatment of High Blood Pressure (JNC VII)
[28,29], the National Cholesterol Education Program
(NCEP-ATP III) [30,31], the American Diabetes Asso-
ciation (ADA) [32], the Advisory Committee on Immu-
nization Practices (ACIP) [33], Healthy People [34], and
the Dietary Guidelines for Americans [35]. These guide-
lines are used because the USPSTF defers to them for
guidance on immunizations (e.g. ACIP) or diagnosis and
management (e.g. INC VII, NCEP, or ADA), or because
they set relevant national health behavior goals.

For some USPSTF recommendations, there is incon-
clusive evidence to tell patients whether they should
receive a service, yet these are highly utilized services
and a decision needs to be made about whether to deli-
ver the service (e.g., whether to screen for prostate can-
cer or the age to start mammograms) [36]. Additionally,
there are differences between some organizations’
recommendations (e.g., USPSTF versus ADA’s recom-
mendation on who to screen for diabetes). The IPHR
addresses these issues by identifying patients for whom
there are uncertain or discrepant recommendations and
promoting shared decision-making by explaining the
issues, presenting how to make an individual choice
based on personal risks and values, and providing
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decision aids and educational materials to aid in the
decision-making process.

After the IPHR makes its determination of the
patient’s prevention status, it presents the patient an
overview on a general summary page (Figure 4). This
represents a snapshot of (a) what a patient needs now (i.
e., clearly overdue preventive services or uncontrolled
chronic conditions), (b) dates when preventive services
were last received, (c) values from previous screening
and monitoring tests, (d) categorical overviews of pre-
ventive care (e.g., cancer screening, heart care, health
behaviors, vaccines, and other services), and (e) missing
information. Recommendations are worded as simple
statements and linked to visual status cues.

Patients are encouraged to click on any summary page
item to reach a more detailed, personalized message about
the preventive service (Figure 5). The wording of the mes-
sages is modified from language developed by the U.S.
Department of Health and Human Service’s website,
HealthFinder.gov. The messages cover five domains: a
summary of the patient’s information (dates, values, risks,
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and goals), basic information about the condition, benefits
of the preventive service, next steps based on the indivi-
dual patient’s profile, and information to guide next steps
selected based on the patient’s profile.

Making Information Actionable

As reflected in our conceptual model, a key feature of the
IPHR is to help patients take action to receive preventive
care. Six specific features promote and reinforce action
(Figure 5). (1) Recommendations are explicit. Both action
statements on the summary page and next steps on the
detailed personal message provide explicit, individually tai-
lored recommendations on what a patient should do to
improve their health. (2) Content is personalized. Detailed
messages are derived from each patient’s individual clinical
profile and personal content is embedded throughout each
detailed message to add further relevance and importance
to the service. (3) Content is motivational. Messages high-
light positive aspects of health and concretely show the
benefits of making changes. (4) Self-management tools,
decision aids, links to community resources, and logistical

What You Need Now

Eat Healthy
Choose the right foods for your body.

You Have High Cholesterol
Get the folow-up care you need for your cholesterol,

Your Key Dates

Preventive Service Date Measured
Stool test for cancer Mo date
Sigmoidoscopy Mo date
Colonoscopy Mo date

PSA test Mo date
Aneurysm uftrasound Mo date
Pneumonia shot Mo date

Flu shot 10/5/2010
Tetanus shot 11/29/2010

Cancer Screening

Heart Care

(]

Status Next Steps

i Screening
! Cholesterol ¢  Get your cholesterol checked now
i Aspirin ¥ Decide if you should take aspirin

i Blood pressure Q) Get your blood pressure checked befare 3/15/2012

[+

Vaccines

Other Services (+]

Your Key Values

Body mass index 3/15/2010 27 <25 &
Blood pressure 3/15/2010 118,78 < 140/30 o
LOL (bad) cholesteral 3/15/2010 112 < 160 o
HOL (good) cholesteral  3/15/2010 51 == 40 o
Blood sugar 3/15/2010 91 <126 Q
Hemoglobin Alc No date No value <=7.0

Prostate-Specific Antigen No date No value < 4.0 0

Update Your Health Information

View and update your health information to make
sure MyPreventiveCare s recommendations are
right for you. MyPreventiveCare is missing some of
your information:

High cholesterol

Follow Your Conditions

Your MyPreventiveCare record shows you have:

Follow Your Abnormal Results

Your MyPreventiveCare record shows you have
had abnormal results on these tests:

None

\

Figure 4 The IPHR General Summary Page. After completing the health risk assessment patients are directed to the IPHR general summary
page. This page is intended to both provide patients an overview of how they are doing and allow them to access detailed personalized
messages about any prevention top by simply clicking on the blue hyperlinked topics.

None
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You Have High Cholesterol

Your Information
You have a diagnosis of high cholesterol.
You had a cholesterol test on 3/15/2010.
Your LDL cholesterol was 112.
Your HDL cholesterol was 51.
You have no risk factors for heart disease.
Given your risks, your goal LDL is less than 160.
You are due to get your cholesterol checked now.

The Basics

The Benefits

Your Next Steps

@ m Work with your doctor to continue to control your cholesterol.

controlling your weight.
Information to Guide Your Next Steps

Learn more about cholesteral.
Learn more about healthy lifestyles to maintain a good cholesterol level.

appropriate for an individual.

Because you have a diagnosis of high cholesterol, you should have your cholesterol checked every year. It is good that you had your cholesterol checked on
3/15/2010, but you are overdue to have it checked again. Given your risks, your goal LDL cholesterol is less than 160. It is good that your last LDL cholesteral
was 112. Too much cholesterol in your blood can cause heart disease or a heart attack, and a healthy lifestyle or medication can lower your cholesterol.

The good news is that cholesterol can be easily checked. And if your cholesterol is high, there are things you can do to control it. Lowering your cholesterol
can reduce your risk of heart disease, strokes, and clogged arteries in your legs — and can help you live a longer, healthier life.

m Talk with your doctor about getting your cholesterol checked again now.

m Live 3 healthy lifestyle to continue to control your cholesterol. This includes eating foods low in saturated fat, trans fat, and cholesterol, getting active, and

See what your past cholesterol levels (HDL values, LDL values) have been.

Figure 5 Detailed Personal Prevention. This is an example of a patient’s detailed personal message about cholesterol. Content is modeled
after HealthFinder.gov and framed to promote patient action. Specific elements include: (1) An explicit guideline-based recommendation
presented in patient language; (2) Content is personalized for each patient, both summarizing the patient’s individual profile and highlighting
patient characteristics to make the content more relevant; (3) Positive aspects are emphasized to make the message motivational; (4) Patients are
provided a personalized library of non-commercial, evidence-based, and patient-centered tools to guide their next steps and manage their
preventive care; (5) Patients can view all available past values, which are graphically displayed and trended to demonstrate any changes; and (6)
All content is framed to link the patient back to their personal clinician. For preventive services with a balance of risks and benefits, messages
also contain (a) a description of the risks of the preventive services and (b) information about how to decide if the preventive service is

support are provided. Each message has a personalized list
of additional resources to guide the patient’s next steps.
These resources are selected based on the patient’s antici-
pated needs from existing sources that are non-commer-
cial, evidence-based, consistent with guidelines, and
patient-centered. (5) Historical information is presented.
Information to guide the patient’s next steps includes links
to available prior test results, trended and graphically dis-
played to highlight changes over time. (6) Care is coordi-
nated with the patient’s personal clinician. After the
patient uses the IPHR, a summary is transmitted directly
to the EMR of the patient’s clinician, listing the patient’s
updates/corrections, health behaviors, and overdue pre-
ventive and chronic care. This allows the IPHR to create a
shared prevention agenda for the patient and clinician.

IPHR Use Over Time

The IPHR is intended to function as a longitudinal
record and reminder system for patients and clinicians.
The IPHR automatically re-queries the EMR to assess if
patients are overdue for services, updates the patient’s

record, and generates patient email reminders and clini-
cian EMR summaries if the patient needs a service.
When patients revisit the IPHR, the general summary
page reflects the most recent values and dates. Patients
can continue to access past values and trends through
their detailed personal prevention recommendation
pages. This essentially makes the IPHR a sophisticated,
longitudinal, personalized prevention plan that evolves
in parallel with the patient’s record [10].

IPHR Use by Patients and Practices

The IPHR was generally well accepted by primary care
practices and patients. The integration of the IPHR into
the practices’ information systems was successful at all
sites including extracting patient data from the practices’
EMRs, sending summaries back into the EMRs, and
integrating with the existing PHRs. Data from the 14
practices’ electronic medical records indicate that 50,124
unique eligible patients had an office visit during the 6-
month observation period, of whom 7,235 (14.4%) estab-
lished an IPHR account and received preventive
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recommendations. The percentage of patients who used
the IPHR ranged from 1.5% to 28.3% across the 14 prac-
tices. The patients who self selected to establish IPHR
accounts were slightly older and more likely to be male
then the general population of patients seen by the prac-
tices but were otherwise representative of the general
primary care population (Figure 6). Of the patients who
established an IPHR account, 49% and 10%, respectively,
made at least one return visit to the site 0-3 months
and 3-6 months after creating their IPHR account.

Data collected by web-tracking software indicate that
the IPHR received 2,595 visitors per month. The average
visitor spent 7 minutes 21 seconds on the site and
viewed 8.45 pages on the IPHR website per visit. The
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majority of patient comments when using the IPHR
were positive. Patients expressed that the system was
easy to use ("Great program! Very user friendly, thank
you.”); they liked seeing their health information ("It is
great to go to the site and see test results.”); and they
believed that the IPHR recommendations helped them
to manage their preventive needs ("I see that I still have
some work to do, but am pleased with the progress I
have made since my last physical”). Only three patients
asked to have their accounts deleted because of privacy
concerns. Negative comments included a desire to see
more information ("T'd like to be able to see all of my
lab results”) and an expression of frustration when
results that were only available in hard copy were not

Patients for all practices Unique patients Patients who
seen in office use the IPHR

Number of unique patients age 18-75 years 50,124 7,235 (14.4%)
Gender (percent male) 41% 47%
Age

e Percent 18-49 years 66% 56%

e Percent 50-64 years 27% 36%

e Percent 65-75 years 7% 8%
Patients by practice Unique patients Patients who

seen in office use the IPHR

Practice #1 6,573 1,650 (25.1%)
Practice #2 2,122 223 (10.5%)
Practice #3 5,570 815 (14.6%)
Practice #4 1,149 186 (16.2%)
Practice #5 5,069 406 (8.0%)
Practice #6 1,179 203 (17.2%)
Practice #7 2,859 444 (15.5%)
Practice #8 4,952 1,139 (23.0%)
Practice #9 4,439 1,255 (28.3%)
Practice #10 2,528 199 (7.9%)
Practice #11 8,700 472 (5.4%)
Practice #12 2,286 131 (5.7%)
Practice #13 1,259 19 (1.5%)
Practice #14 1.439 91 (6.3%)
Use of IPHR
Visitors per month 2,595
Average number of visits per visitor 4.2
Average time spent on the site 7 minutes 21 seconds
Average number of IPHR pages viewed per visit  8.45

Figure 6 Patient and Practice Use of the IPHR During the First Six Months of Availability.
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accessible. One patient, whose labs were scanned into
the system rather than transmitted electronically said,
“My test results are three years out of date. I need to
see my most recent information.” During pre-IPHR
implementation learning collaboratives, practices were
concerned about the extra work required to persuade
patients to use the system and to deal with incoming
messages. However, after fielding the IPHR, the prac-
tices reported that patients liked the system, it was easy
to explain to patients how to use the IPHR, and it
helped them to deliver care. Specifically, practices
reported using the IPHR to help patients prepare for
visits, augment health behavior counseling discussions,
better explain lab results to patients, assist with popula-
tion management, remind patients when they were due
for services, prompt clinicians about overdue care, and
fulfill Medicare annual wellness visit requirements.

Discussion
The technical advance of the IPHR demonstrates how to
make health information technology more patient-cen-
tered [27]. By addressing patient, clinician, and system
barriers, the IPHR has great potential to effectively
increase the delivery of recommended preventive ser-
vices. The IPHR helps patients to access, understand,
and act on their clinical preventive information when-
ever they like. It can serve as a supplement to clinical
encounters or assist in automating and personalizing
population level care. Specifically, the IPHR is designed
to increase patient knowledge of preventive guidelines
and what national organizations specifically recommend
for them; catalyze and prompt patients and clinicians to
discuss needed care; prepare patients for clinical
encounters and preventive service decisions; and auto-
mate the provision of educational materials, risk calcula-
tors, and decision aids with a depth of content that
clinicians are unlikely to be able to provide.
Technologies that bring information to patients are
increasingly recognized as important and nowhere are
the opportunities greater than for prevention. Unlike
questions about specific diseases that affect only sub-
groups of patients with the condition, the questions sur-
rounding health promotion and disease prevention
affect almost everyone, so the audience is huge [37].
Prevention has well defined guidelines that can be con-
verted to logic within PHRs and provide patients very
specific and personalized recommendations [1]. Health
promotion focuses on behavior change, for which
patients need substantial information and support,
much of it difficult to get from clinicians. Disease pre-
vention (screening, immunizations) requires decisions
about whether to get the service, how often, and the
downsides of the service. Thus, there is a great unmet
need for information on these topics.
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The delivery of preventive services should be a joint
effort between clinicians and patients. Patient uptake
is highly influenced by clinician recommendations
and patients must be interested and enthusiastic
about the services and changes, so both entities must
participate in the delivery process [38,39]. Addition-
ally, many preventive services have a close balance of
benefits and harms, personalized recommendations
based on individual risk assessments coupled with
patient education is necessary [23]. PHRs can assist
clinicians to more objectively and systematically pro-
vide education and prepare patients to participate in a
shared decision-making process. These factors under-
score the advantages of a shared tool like an inte-
grated PHR-EMR and the inherent limitation of
stand-alone PHRs or relying on solely clinical
encounters.

Both the HITECH ACT and the United States’ first
National Prevention Strategy have laid out a road map
to transform health care through the meaningful use of
health information technology [40,41]. The broad strate-
gic goals to achieve this transformation include captur-
ing and sharing clinical data, empowering individuals to
improve their health, and improving care and popula-
tion health. The PHR advances advocated in this article
are necessary elements of this proposed national
transformation.

The needs for such PHR advances are further rein-
forced by the new Medicare requirements for annual
wellness examinations, which require clinicians to con-
duct a preventive health risk assessment and provide
patients a personalized 10-year prevention plan [10].
These requirements have the potential to improve
health outcomes for Medicare beneficiaries, yet most
clinicians cannot systematically provide patients such an
assessment or plan. Tools such as the IPHR are needed
to support clinicians.

The limitations of the IPHR deserve consideration.
Technology cannot serve as a substitute for clinicians
and the system is meant to supplement encounters and
practices’ population health activities. The IPHR could
address more topics than the current 18 preventive and
chronic care services. While recommendations are per-
sonalized on domains dictated by the guidelines, the
content and presentation could be further personalized
on race/ethnicity, culture, age, gender, literacy and
numeracy, preferred language, socio-economic status,
and geographic location. Even though some tools and
resources are embedded in the detailed personal mes-
sages, the IPHR could be used to further facilitate and
coordinate collaborative care between primary care clini-
cians, specialists, ancillary services, and community
resources, making the system much more action
oriented.
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Conclusions

The preliminary use of the IPHR reported in this paper
offers encouragement that the IPHR and similar patient-
centered information systems might be generalizable
and scalable to a wide range of primary care practices.
The findings derive from 14 practices in Virginia, and
further research is needed to replicate these findings
elsewhere. Additionally, outcomes data are needed to
determine the impact of the IPHR on the delivery of
care and on patient engagement in decision-making.
Future manuscripts that detail the findings of our Effi-
cacy, Adoption, and Dissemination trials will contribute
to this evidence.

The ultimate goal of transforming our information
systems is to improve the delivery of care and the health
of patients. PHRs can play a pivotal role in helping to
engage, inform, and motivate patients. While significant
advances have been made in the design, adoption, and
implementation of PHRs, much more is needed.

Acknowledgements

This work was supported in part by grants from the Agency for Healthcare
Research and Quality (R18 HS17046-01 and R21 HS018811-01). The authors
thank the participating study practices: Fairfax Family Practice Centers
(Broadlands Family Practice, Fairfax Family Practice, Herndon Family
Medicine, Lorton Station Family Medicine, Prince William Family Medicine,
South Riding Family Medicine, Town Center Family Medicine, and Vienna
Family Medicine), Bon Secours Health System (Harbour View Family Practice,
Primary Health Care Associates, and West End Internal Medicine), Family
Medicine of Clifton Centreville, and Front Royal Family Practice. We thank
Melissa Hayes and Kristin Schmidt for project assistance; Paulette Kashiri for
interfacing with the practices; and Steven Mitchell, Robert Johnson, Ghalib
Bello, and Deborah Williams for the database and biostatistics support. We
received invaluable advice and assistance designing the IPHR from
Samantha Felt, Robert Fortini, Edward Glynn, David Field, Don Kilby, Salman
Ahmad, Linda Harris, Kristin Anderson, Lauren McCormick, Thomas Ball,
William Kerns, Adam Bowen, Jeffrey Cohen, and Thomas Ehrlich.

Author details

'Department of Family Medicine, Virginia Commonwealth University,
Richmond, VA, USA. “RTI International, Research Triangle Park, NC, USA.
3Fairfax Family Practice Centers, Fairfax, VA, USA.

Authors’ contributions

All authors read and approved the final manuscript.

AHK - created and designed the reported technical advance, drafted and
revised the submitted manuscript, and gave final approval of the published
manuscript. EP - created, designed, and programmed the reported technical
advance, participated in drafting and revising the submitted manuscript, and
gave final approval of the published manuscript. SHW - participated in the
creation and design of the reported technical advance, participated in
drafting and revising the submitted manuscript, and gave final approval of
the published manuscript. SFR - participated in the creation and design of
the reported technical advance, participated in drafting and revising the
submitted manuscript, and gave final approval of the published manuscript.
JFL - created, designed, and integrated the reported technical advance into
EMRs, participated in drafting and revising the submitted manuscript, and
gave final approval of the published manuscript. DRL - participated in the
design of the reported technical advance, participated in drafting and
revising the submitted manuscript, and gave final approval of the published
manuscript. AJK - participated in the design of the reported technical
advance, participated in drafting and revising the submitted manuscript, and
gave final approval of the published manuscript.

Page 10 of 11

Received: 18 July 2011 Accepted: 24 November 2011
Published: 24 November 2011

References

1. Prevention and Care Management: U.S. Preventive Services Task Force. Agency
for Healthcare Research and Quality [http://www.ahrg.gov/clinic/prevenix.
htm], Accessed July, 2011.

2. Whitlock EP, Lin JS, Liles E, Beil TL, Fu R: Screening for colorectal cancer: a
targeted, updated systematic review for the U.S. Preventive Services
Task Force. Ann Intern Med 2008, 149(9):638-658.

3. Nelson HD, Tyne K, Naik A, Bougatsos C, Chan BK, Humphrey L: Screening
for breast cancer: an update for the U.S. Preventive Services Task Force.
Ann Intern Med 2009, 151(10):727-737, W237-742.

4. Dear K, Holden J, Andrews R, Tatham D: Vaccines for preventing
pneumococcal infection in adults. Cochrane Database Syst Rev 2003, , 4:
CD000422.

5. Mokdad AH, Marks JS, Stroup DF, Gerberding JL: Actual causes of death in
the United States, 2000. JAMA 2004, 291(10):1238-1245.

6. McGlynn EA, Asch SM, Adams J, et al: The quality of health care delivered
to adults in the United States. N £ngl J Med 2003, 348(26):2635-2645.

7. Kottke TE, Brekke ML, Solberg LI: Making “time” for preventive services.
Mayo Clin Proc 1993, 68(8):785-791.

8. Jaen CR, Stange KC, Nutting PA: Competing demands of primary care: a
model for the delivery of clinical preventive services. J Fam Pract 1994,
38(2):166-171.

9. Woolf SH, Krist AH, Rothemich SF: Joining Hands: Partnerships Between
Physicians and the Community in the Delivery of Preventive Care Washington
D.C.: Center for American Progress; 2006.

10. The Patient Protection and Affordable Care Act. Section 4103. Public
Law 111-148 , 2nd Session 2010.

11. Blumenthal D, Tavenner M: The “meaningful use” regulation for electronic
health records. N Engl J Med 2010, 363(6):501-504.

12. Joint Principles of the Patient-Centered Medical Home: American Academy
of Family Physicians, American Academy of Pediatricians, American
Osteopathic Association [http://www.pcpcc.net/], Accessed May, 2011.

13. Health IT: The Office of the National Coordinator for Health Information
Technology. U.S. Department of Health & Human Services [http://healthithhs.
govl, Accessed July, 2011.

14. Tang PC, Lansky D: The missing link: bridging the patient-provider health
information gap. Health Aff (Millwood) 2005, 24(5):1290-1295.

15. Google Health: Google [https://www.google.com/health], Accessed May,
2011.

16.  HealthVault: Microsoft [http://www.healthvault.com/], Accessed May, 2011.

17. Tang PC, Ash JS, Bates DW, Overhage JM, Sands DZ: Personal health
records: definitions, benefits, and strategies for overcoming barriers to
adoption. J Am Med Inform Assoc 2006, 13(2):121-126.

18. Tang PC, Lee TH: Your doctor’s office or the Internet? Two paths to
personal health records. N £ngl J Med 2009, 360(13):1276-1278.

19. Kahn JS, Aulakh V, Bosworth A: What it takes: characteristics of the ideal
personal health record. Health Aff (Millwood) 2009, 28(2):369-376.

20. Ralston S, Kellett N, Williams RL, Schmitt C, North CQ: Practice-based
assessment of tobacco usage in southwestern primary care patients: a
Research Involving Outpatient Settings Network (RIOS Net) study. / Am
Board Fam Med 2007, 20(2):174-180.

21, Silvestre AL, Sue VM, Allen JY: If you build it, will they come? The Kaiser
Permanente model of online health care. Health Aff (Millwood) 2009,
28(2):334-344.

22. Hing E, Hsiao CJ: Electronic medical record use by office-based
physicians and their practices: United States, 2007. Nat/ Health Stat Report
31(23)1-11.

23.  Sheridan SL, Harris RP, Woolf SH: Shared decision making about screening
and chemoprevention. a suggested approach from the U.S. Preventive
Services Task Force. Am J Prev Med 2004, 26(1):56-66.

24. RE-AIM.org. Kaiser Permanente. Colorado Region - Institute for Health
Research [http://re-aim.org/], Accessed July, 2011.

25. Glasgow RE, Klesges LM, Dzewaltowski DA, Estabrooks PA, Vogt TM:
Evaluating the impact of health promotion programs: using the RE-AIM
framework to form summary measures for decision making involving
complex issues. Health Educ Res 2006, 21(5):688-694.


http://www.ahrq.gov/clinic/prevenix.htm
http://www.ahrq.gov/clinic/prevenix.htm
http://www.ncbi.nlm.nih.gov/pubmed/18838718?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18838718?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18838718?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19920273?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19920273?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15010446?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15010446?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12826639?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12826639?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8331981?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8308509?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8308509?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20647183?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20647183?dopt=Abstract
http://www.pcpcc.net/
http://healthit.hhs.gov
http://healthit.hhs.gov
https://www.google.com/health
http://www.healthvault.com/
http://www.ncbi.nlm.nih.gov/pubmed/16357345?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16357345?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16357345?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19321866?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19321866?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17341754?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17341754?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17341754?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14700714?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14700714?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14700714?dopt=Abstract
http://re-aim.org/
http://www.ncbi.nlm.nih.gov/pubmed/16945984?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16945984?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16945984?dopt=Abstract

Krist et al. BMC Medical Informatics and Decision Making 2011, 11:73
http://www.biomedcentral.com/1472-6947/11/73

26. Virginia Ambulatory Outcomes Research Network: Department of Family
Medicine, Virginia Commonwealth University [http://www.acorn.fap.vcu.edu],
Accessed Oct, 2011.

27. Krist AH, Woolf SH: A vision for patient-centered health information
systems. JAMA 2011, 305(3):300-301.

28. Complete Report: the Seventh Report of the Joint National Committee
of Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure. Vol NIH Pub. No. 04-5239 Bethesda, MD: National Heart, Lung,
and Blood Institute; 2004.

29. Chobanian AV, Bakris GL, Black HR, et al: The Seventh Report of the Joint
National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure: the JNC 7 report. Jama 2003,
289(19):2560-2572.

30.  Grundy SM, Cleeman JI, Merz CN, et al: Implications of recent clinical trials
for the National Cholesterol Education Program Adult Treatment Panel
Il guidelines. Circulation 2004, 110(2):227-239.

31, National Cholesterol Education Program: Third report of the expert panel
on detection, evaluation, and treatment of high blood cholesterol in
adults. Vol NIH Pub. No. 02-5215 Bethesda, MD: National Heart, Lung, and
Blood Institute; 2002.

32, American Diabetes Association (ADA): Standards of medical care in
diabetes. II. Testing for pre-diabetes and diabetes in asymptomatic
patients. Diabetes care 2008, 31(Suppl 1):S13-14.

33. Recommendation and Guidelines: Advisory Committee on Immunization
Practices (ACIP). Department of Health and Human Services. Centers for
Disease Control and Prevention [http://www.cdc.gov/vaccines/recs/ACIP/
defaulthtm], Accessed January, 2010.

34, US. Department of Health and Human Services: Healthy People 2010:
Understanding and Improving Health. Washington, D.C: Government
Printing Office;, 2 2000.

35. Dietary Guidelines for Americans 2005: Department of Health and Human
Services and the Department of Agriculture [http://www.healthierus.gov/
dietaryguidelines/], Accessed July, 2011.

36. Sirovich BE, Schwartz LM, Woloshin S: Screening men for prostate and
colorectal cancer in the United States: does practice reflect the
evidence? Jama 2003, 289(11):1414-1420.

37. Woolf SH: The power of prevention and what it requires. Jama 2008,
299(20):2437-2439.

38. Starfield B, Shi L, Macinko J: Contribution of primary care to health
systems and health. Milbank Q 2005, 83(3):457-502.

39. Schwartz LM, Woloshin S, Fowler FJ Jr, Welch HG: Enthusiasm for cancer
screening in the United States. JAMA 2004, 291(1):71-78.

40. Health IT Strategic Plan 2011-2015. The Office of the National Coordinator
for Health Information Technology [http://healthithhs.gov/StrategicPlan],
Accessed May, 2011.

41. The National Prevention Strategy: National Prevention, Health Promotion,
and Public Health Council;(http://www.healthcare.gov/center/councils/
nphpphc/index.html], Accessed July, 2011.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1472-6947/11/73/prepub

doi:10.1186/1472-6947-11-73

Cite this article as: Krist et al: Designing a patient-centered personal
health record to promote preventive care. BMC Medical Informatics and
Decision Making 2011 11:73.

Page 11 of 11

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e 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

( BioMed Central



http://www.acorn.fap.vcu.edu
http://www.ncbi.nlm.nih.gov/pubmed/21245186?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21245186?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12748199?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12748199?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12748199?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15249516?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15249516?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15249516?dopt=Abstract
http://www.cdc.gov/vaccines/recs/ACIP/default.htm
http://www.cdc.gov/vaccines/recs/ACIP/default.htm
http://www.healthierus.gov/dietaryguidelines/
http://www.healthierus.gov/dietaryguidelines/
http://www.ncbi.nlm.nih.gov/pubmed/12636464?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12636464?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12636464?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18505953?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16202000?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16202000?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14709578?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14709578?dopt=Abstract
http://healthit.hhs.gov/StrategicPlan
http://www.healthcare.gov/center/councils/nphpphc/index.html
http://www.healthcare.gov/center/councils/nphpphc/index.html
http://www.biomedcentral.com/1472-6947/11/73/prepub

	Virginia Commonwealth University
	VCU Scholars Compass
	2011

	Designing a patient-centered personal health record to promote preventive care
	Alex H. Krist
	Eric Peele
	Steven H. Woolf
	See next page for additional authors
	Downloaded from
	Authors


	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial Registration

	Background
	The Evolution of PHRs

	Methods
	Results
	Technical Advance
	Establishing an Account
	Information Sources
	Generating Personalized Recommendations
	Making Information Actionable
	IPHR Use Over Time
	IPHR Use by Patients and Practices

	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	References
	Pre-publication history

