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Abstract
Summary We tested the feasibility of a fracture prevention
decision aid in an online patient portal. The decision aid was
acceptable for patients and successfully decreased decisional
conflict. This study suggests the possible utility of leveraging
the patient portal to enhance patient education and decision
making in osteoporosis care.
Introduction Although interventions have improved osteopo-
rosis screening and/or treatment for certain populations of
high-risk patients, recent national studies suggest that large-
scale uptake of these interventions has been limited.We aimed
to determine the feasibility and potential efficacy of a patient
portal-based osteoporosis decision aid (DA).
Methods We conducted a pilot randomized controlled trial of
primary care patients aged ≥55 who were enrolled in a patient

portal and had a T-score of <−1. Intervention subjects were
provided a link to a patient DA. The DA contained a 10-year
fracture risk calculator, summary of medication risks and ben-
efits (prescription and nonprescription), and an elicitation of
values. Subjects completed questionnaires assessing the pri-
mary outcomes of decisional conflict and preparation for de-
cision making and secondary outcomes related to feasibility
and planning for a larger trial. Charts were reviewed for
physician-subject interactions and medication uptake.
Results The DA was acceptable to subjects, but 17 % of the
patients in the decision aid arm incorrectly entered their T-
scores into FRAX-based risk calculator. Decisional conflict
was lower post-intervention for those who were randomized
to the decision aid arm compared to controls (17.8 vs. 47.1,
p < .001), and there was a significant difference in the percent-
age of patients whomade a treatment decision at 3 months. No
significant differences were observed in medication uptake.
Conclusions A portal-based osteoporosis DAwas acceptable
and improved several measures of decision quality. Given its
effect on improving the quality of patients’ decisions, future
studies should examine whether it improves physician guide-
line adherence or medication adherence uptake among treated
patients.

Keywords Decision aids . Osteoporosis . Patient portal .
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Introduction

US osteoporosis guidelines emphasize treatment based on per-
sonal fracture risk [1, 2], but many high-risk patient groups are
actually less likely to have bone density testing [3] or receive
treatment [4] than lower-risk patients. Only half of all patients
started on medications are taking them after 1 year [5, 6],
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suggesting that patients also need further support to persist
with their osteoporosis treatments. Although interventions
have improved osteoporosis screening and/or treatment for
certain populations of high-risk patients, recent national stud-
ies suggest that large-scale uptake of interventions to support
high-quality care has not occurred [7–12].

Physicians and patients thus appear to need more effec-
tive tools to support high-quality targeted osteoporotic frac-
ture prevention. Decision aids (DAs) emphasize shared de-
cision making and include several features to support indi-
vidualized treatment discussions like those needed for frac-
ture prevention. DAs for a range of conditions have been
shown to decrease decisional conflict, increase knowledge,
and (when probabilities are included in the aid) improve the
accuracy of risk perceptions [13]. In addition, they are in-
creasingly web-based [14, 15], facilitating rapid updates and
dissemination.

We hypothesized that a web-based decision aid delivered
via an electronic health record (EHR)-based patient portal
could improve key measures of patients’ preparation for de-
cision making and decisional conflict in postmenopausal os-
teoporotic fracture prevention. Patient portals have become
widespread [16] and offer the opportunity to deliver the de-
cision aid before an office visit for at-home completion.
EHR delivery has the potential advantages of reducing cli-
nician office time (an important barrier to decision aid use
[13]) while still providing patients assurance that the infor-
mation comes from a trusted source. Current evidence for
the efficacy of decision aids delivered via EHRs is limited
but compelling, particularly a small randomized trial of an
influenza immunization decision aid in a workplace-based
EHR, which produced increases in beliefs in vaccine effec-
tiveness and a low likelihood of side effects, as well as a
nonsignificant but encouraging 25 % higher immunization
rate. We conducted a pilot randomized controlled trial of our
osteoporosis DA delivered via an EHR, with a goal of test-
ing its potential efficacy in improving decision-making in
osteoporotic fracture prevention (prescription and nonpre-
scription) with minimal disruptions to care. We also exam-
ined important feasibility questions regarding design and
procedures for a larger randomized trial.

Methods

Enrollment criteria and overview

Our study was targeted at any postmenopausal patients who
had already been screened and found to have a T-score of <−1
or lower. Subjects were enrolled from three primary care (in-
ternal medicine and family medicine) clinics within a
Midwestern multispecialty academic group practice between
November 2013 and December 2014. Recruitment was

stopped due to the end of the funding period. All English-
speaking women who had a patient portal (Epic Systems
Corporation MyChart ®) account were ≥55 years of age (to
ensure postmenopausal state) and had a recent bone mineral
density (BMD) test that indicated osteopenia or osteoporosis
were eligible to participate. Individuals with any dementia/
cognitive impairments and/or less than 1-year life expectancy
were excluded.

Design

Randomization was stratified by diagnosis (osteoporosis or
osteopenia) after consent and was blinded to the subject
(Fig. 1 and Online Resource 1). Two predetermined block
randomization schedules for osteoporosis and osteopenia
were created using a computer random number generator
and maintained electronically. The study coordinator was re-
sponsible for randomization and blinded to allocation until
after consent was obtained. Participants in the experimental
group received the decision aid, while those in the control
group were directed to the National Institute on Aging
homepage (www.nia.nih.gov) rather than the decision aid.
This control site provided web-based information relevant to
aging but not specific to osteoporosis. All study procedures
were approved by the Medical College of Wisconsin
Institutional Review Board, and informed consent was obtain-
ed from all individual participants included in the study.

Decision aid

The decision aid was created based on the publicly available
decision aid titled BHealthy Bones^ from the Agency for
Healthcare Research and Quality (AHRQ) [14], which was
designed to be used by patients who are considering osteopo-
rosis screening. Since our study was targeted at postmeno-
pausal patients who had already been screened, key adapta-
tions were made to better address this population. The primary
adaptation was the development of a personalized fracture risk
calculator utilizing the publicly available probabilities from
the FRAX website [17] that utilizes bone density information
(Fig. 2a), with more minor adaptations made to ensure that the
decision aid meet International Patient Decision Aid
Standards (IPDAS) [18] for prescription and nonprescription
treatment decisions (e.g., values elicitation, see below).

The final decision aid included information about osteopo-
rosis including causes, risk factors, Bhow to determine if you
have osteoporosis^ personalized fracture risk based on FRAX,
details about medication and nonprescription treatment, and a
values elicitation exercise related to the treatment decision. In
this exercise, patients were asked to rate how much they agree
with statements like BI think that the benefits of prescription
medicines outweigh the risks or side effects,^ or BI feel sure
about my decision right now^ (Fig. 2b). A medication table
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containing information about clinical trials, common side ef-
fects, and characteristics of the medication (including
frequency and mode of administration; Fig. 2c), recommen-
dations for getting more dietary calcium, and what forms of
exercise are beneficial for bones was also included. Two print-
outs were available at the end of the decision aid that
contained extensive information about treatments and a per-
sonalized summary of risk information and values.

The adapted decision aid underwent initial testing with
patients (N = 7) from an academic general internal medicine
clinic. Participants were observed while being asked to ver-
balize their impressions about the presentation and usability of
the website, and changes were made based on their feedback.

Procedure

All participants who met eligibility criteria were recruited ei-
ther by physician referral through the patient portal when the
physician was communicating bone density results or (when
recruitment was slow by the initial method) by a mailed invi-
tation from the study team targeted to occur within 2 weeks
after bone density tests were performed. Study procedures
were completed semi-independently over the internet. The
research coordinator reviewed the informed consent form

and study procedures with the patient by phone and beyond
that was available by phone as needed. Outcomes were col-
lected pre- and post-intervention and at 3 months using
emailed invitations from an internet-based survey application.
Data from the risk calculator and values sections of the deci-
sion aid were scanned into the participants’ EHR and their
physicians were notified by email about the availability of
the information. Any logistical problems with using the
web-based decision aid were noted by the research coordina-
tor to determine how difficult it was for patients to use the
web-based decision aid. Patient charts were also reviewed to
collect FRAX information to calculate 10-year total fracture
risk (FRAX® score; Online Resource 2).

Outcomes

Primary outcomes

Decision quality The primary outcomes for the study were
measured using the Preparation for Decision-Making Scale
[19] and the Decisional Conflict Scale (DCS) [20]. The 10-
item Preparation for Decision Making Scale developed by the
Ottawa Hospital Research Institute (scores range from 0 to
100) [19] was measured immediately post-intervention. The

Enrollment

Assessed for Eligibility (N=65)

Excluded (N=15)

Not meeting inclusion criteria 

(N=4)

Declined to Participate (N=11)

Randomized (N=50)

Allocated to intervention (N=21)

Received allocated intervention (N=21)

Did not receive allocated intervention 

(N=0)

Allocated to intervention (N=29)

Received allocated intervention (N=29)

Did not receive allocated intervention 

(N=0)

Allocation

Lost to follow-up (N=0)

Discontinued intervention (N=0)
Lost to follow-up (N=0)

Discontinued intervention (N=0)

Analyzed (N=21)

Excluded from Analysis (N=0)

Analyzed (N=29)

Excluded from Analysis (N=0)

Follow-Up

Analysis

Fig. 1 CONSORT diagram
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DCS includes subscales that assess if patients feel informed,
are clear on their values related to the decision, have enough
support, and are uncertain about their decision. As in previous
studies [13], the DCS was measured at baseline and post-in-
tervention. To assess durability of response, we measured the
DCS again at 3 months.

Feasibility Throughout the course of the study, we assessed
several aspects of the design and procedure to inform a future
trial, with particular focus on feasibility of patients completing
FRAX, including using BMD results. Physicians also com-
pleted a questionnaire at 3 months for each individual patient
to assess the effect of the decision aid on the length of visit and
physician/clinic staff workload. Physician-subject contact re-
garding osteoporosis or osteopenia was assessed at 6 months
from chart review.

Secondary outcomes

Treatment decisions Secondary outcomes included items
post-intervention and at 3 months regarding whether the sub-
ject made any decision about prescription and nonprescription
strategies to prevent osteoporotic fracture. In addition, if a
subject reported making a decision at 3 months, she was also
asked to indicate if this decision included taking prescription

medications (osteoporosis only), taking supplemental calcium
and/or vitamin D, or making lifestyle changes (participants
could choose all three options). Details of prescription medi-
cation use were also evaluated by chart review at 6 months in
the osteoporosis subgroup.

Shared decision making Patient-reported shared decision
making was evaluated at 3 months using four yes/no items
adapted by Fowler [21] from the DECISIONS study by the
University of Michigan [22]. These items assessed patient
perceptions of any follow-up discussions with a primary care
physician, including whether the subject was provided with
alternative treatment options, discussed reasons for and
against taking medication, and was asked what she wanted
to do regarding treatment. This instrument is scored by
assigning 1 point for every yes, with a maximum total score
of 4 indicating the highest level of shared decision making.

Analysis

Decisional conflict and knowledge were compared using one-
way ANOVA tests with a significance level of p < .05 at base-
line, post-intervention, and at 3 months. Additional outcomes
were compared using a two-sided student’s t-test and Chi-
square analysis as appropriate for the full study cohort and

A B

C

Fig. 2 Screenshots of decision aid. This figure provides examples of various screens in the decision aid seen by participants in the decision aid arm. a
The risk calculator. b Values elicitation exercise. c Medication table that was available in the decision aid
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the osteoporosis group, all with a significance level of p < .05.
Results for each subscale were similar to the overall DCS
score and are not reported here. Where appropriate, change
between baseline and post-intervention and baseline and 3-
month follow-up were analyzed using a two-sided student’s
t-test. These analyses, which had similar findings, provide a
more conservative estimate of the effect and are reported in the
appendix (Online Resource 3). All analyses were computed
using IBM SPSS Statistics.

Subgroup analyses

In order to account for the variability of participant risk and
experience with treatment, in addition to pre-planned analyses
for the osteoporosis subgroup, secondary post hoc analyses
were conducted based on National Osteoporosis Foundation
(NOF) guideline treatment recommendations [1] and prior
experience with treatment. These included those (a) diagnosed
with osteopenia with FRAX ≥ 20 or osteoporosis [1], (b) with
no prior bisphosphonate use, (c) with no bisphosphonate use
at the time of randomization, and (d) a combination of those
with osteopenia with FRAX ≥ 20 or osteoporosis and no prior
or current bisphosphonate use. These post hoc subgroup anal-
yses are shown only in the appendix (Online Resource 4).

Results

Fifty patients from 18 primary care physicians were enrolled
in the study. Participants had a median age of 79 years; 96 %
were non-Hispanic white; 86 % had attended at least some
college. Over 89 % had at least one fracture risk factor other
than age and low BMD, and 38 % had a BMD T-score of
≤ − 2.5 (osteoporosis). Additional subject characteristics are
reported in Table 1. All participants completed follow-up
procedures.

Primary outcomes

Decision quality

Preparation for decisionmaking Subjects in the decision aid
arm reported being more prepared for making decisions about
their treatment (mean = 68.1, SD = 23.4) than controls
(mean = 39.0, SD = 29.4) on the Preparation for Decision
Making Scale (p < .001) (Table 2). Although scores were also
higher in the decision aid arm among the osteoporosis sub-
group (N = 19), the difference was smaller and not statistically
significant [62.9 (SD = 28.6) vs. 43.3 (SD = 25.6), p = .172].
More details on responses to each item in this scale are avail-
able in the appendix (Online Resource 5).

Decisional conflictDecisional conflict scores was significant-
ly lower post-intervention for those who were randomized to
the decision aid arm compared to controls (17.8 vs. 47.1,
p < .001). Lower decisional conflict in the decision aid arm
persisted at 3 months but was no longer significant (11.2 vs.
25.5, p = .078) (Table 2 and Fig. 3). Among subjects with
osteoporosis, decisional conflict was also lower in the deci-
sion aid arm relative to controls post-intervention, but these
differences did not reach statistical significance immediately
post-intervention (18.9 vs. 43.3, p = .063) or at 3 months (16.5
vs. 30.8, p = .367) (Fig. 3).

Feasibility of a larger portal-based decision aid randomized
controlled trial

Technical aspects of useAlthough five (17.2 %) of decision
aid arm participants needed initial troubleshooting guidance
when the link to the decision aid did not work with their
default browser, all participants ultimately completed all
sections of the web-based decision aid with minimal assis-
tance. No phone calls were made to the research staff for
assistance related to other technical issues. However, five
(17.2 %) subjects were initially provided an underestimate
of their FRAX score because they did not include the neg-
ative sign in their femoral neck T-score for the risk calcula-
tor. Subjects were contacted and this was corrected by the
research team.

Timing of decision aid use Although all participants re-
ceived their BMD results by electronic message within the
patient portal, 7 (14 %; 5 intervention, 2 controls) were
asked for further follow-up (i.e., to come in for office visit
or call the clinic). At 3 months, 26 % of the cohort had an
office visit with their primary care physician or a specialty
physician in which a fracture prevention discussion was doc-
umented in the EHR. The proportion of patients with office
visits was higher in the decision aid arm vs. control arm, but
this difference was not statistically significant (27.6 vs.
23.8 %, p = .484).

Physician-reported experience In physician survey re-
sponses (response rate = 44 %), 76.5 % reported that there
were no changes in physician workload, 11.8 % reported that
the decision aid decreased workload, and 11.8 % of respon-
dents indicated that the decision aid affected their workload
but did not specify if workload increased or decreased. Given
the small proportion of patients who returned to the office
prior to the 3-month assessment, planned formal analyses re-
garding whether the DA changed the perceived length of visit
were not performed.
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Table 1 Characteristics of
participants Intervention

(N = 29)
Control
(N = 21)

Total
(N = 50)

p value

Age 0.578

Average 68.8 67.8

Diagnosis 0.242

Osteopenia 16 (55.2) 15 (71.4) 31 (62.0)

Osteoporosis 13 (44.8) 6 (28.6) 19 (38.0)

Race 0.390

White 28 (96.6) 21 (100.0) 49 (98.0)

African American 1 (3.4) 0 (0.0) 1 (2.0)

Hispanic origin 0.815

Yes 1 (3.4) 1 (4.8) 2 (4.0)

No 28 (96.6) 20 (95.2) 48 (96.0)

Education 0.462

High school 3 (10.3) 4 (19.0) 7 (14.0)

Some college or technical college 6 (20.7) 7 (33.3) 13 (26.0)

Bachelor’s 10 (34.5) 4 (19.0) 14 (28.0)

Post-graduate 10 (34.5) 6 (28.6) 16 (32.0)

Income 0.932

< $24,999 5 (17.2) 2 (9.5) 7 (14.0)

$25,000–$49,999 6 (20.7) 4 (19.0) 10 (20.0)

$50,000–$74,999 5 (17.2) 5 (23.8) 10 (20.0)

$75,000 and over 10 (34.5) 8 (38.1) 18 (36.0)

Do not know 3 (10.3) 2 (9.5) 5 (10.0)

Employment 0.509

Employed for wages 6 (20.7) 6 (28.6) 12 (24.0)

Self-employed 0 (0.0) 1 (4.8) 1 (2.0)

Out of work <1 year 1 (3.4) 0 (0.0) 1 (2.0)

Out of work >1 year 0 (0.0) 1 (4.8) 1 (2.0)

Homemaker 1 (3.4) 1 (4.8) 2 (4.0)

Retired 21 (72.4) 12 (57.1) 33 (66.0)

Marital status 0.304

Married 16 (55.2) 16 (76.2) 32 (64.0)

Divorced/separated 7 (24.1) 3 (14.3) 10 (20.0)

Widowed 6 (20.7) 2 (9.5) 8 (16.0)

Health care coverage 0.390

Yes 28 (96.6) 21 (100.0) 49 (98.0)

No 1 (3.4) 0 (0.0) 1 (2.0)

Ever employed in medical field 0.890

Yes 13 (44.8) 9 (42.9) 22 (44.0)

No 16 (55.2) 12 (57.1) 28 (56.0)

Bisphosphonate usea 0.956

Previous (not current) user 5 (17.2) 4 (19.0) 9 (18.0)

Current user 5 (17.2) 3 (14.3) 8 (16.0)

Never user 19 (65.5) 14 (66.7) 33 (66.0)

Risk factors

Family history of fracture 10 (34.5) 11 (52.4) 21 (42.0) 0.206

Previous personal fracture 13 (44.8) 12 (57.1) 25 (50.0) 0.390

Alcohol use 12 (41.4) 4 (19.0) 16 (32.0) 0.095

Current cigarette use 2 (6.9) 1 (4.8) 3 (6.0) 0.754

Steroid use 4 (13.8) 4 (19.0) 8 (16.0) 0.617
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Secondary outcomes

Treatment decisions

Post-intervention 62.1 % of the decision aid arm and 40.0 %
of the control arm reported having made a decision about
prescription and/or nonprescription treatment for fracture

prevention (p = .128). At 3 months, those in the decision aid
arm were significantly more likely to report having made a
decision (82.8 vs. 57.1 %, p = .046) (Table 2). Of those who
reported making a decision, there were no differences by ex-
perimental arm regarding decisions to make lifestyle changes,
although there may have been a trend toward decisions to
increase supplemental vitamin D or calcium uptake

Table 2 Summary of results
Full cohort Decision aid (N = 29) Control (N = 21) p value

Primary outcomes

Decisional conflict score

Baseline 47.4 55.1 .356

Post-intervention 17.8 47.1 <.001

3 months 11.2 25.5 .078

Preparation for decision making 68.1 39.1 <.001

Secondary outcomes

Decision (Y/N)

Post-intervention 62.1 % 40.0 % .128

3 months 82.8 % 57.1 % .046

Treatment decisions

Calcium/vitamin D supplements 69.0 % 42.9 % .065

Lifestyle changes 44.8 % 28.6 % .242

Shared decision makingb 3.19 2.91 .566

Osteoporosis only Decision aid (N = 13) Control (N = 6) p value

Primary outcomes

DCS

Baseline 36.54 45.00 .534

Post-intervention 18.85 43.33 .063

3 months 16.54 30.83 .367

Preparation for decision making 62.89 43.33 .172

Secondary outcomes

Decision (Y/N)

Post-intervention 69.2 % 66.7 % .911

3 months 76.9 % 66.7 % .637

Treatment decisions

Prescription medicationb 15.4 % 50.0 % .111

Calcium/vitamin D supplements 76.9 % 50.0 % .241

Lifestyle changes 38.5 % 16.7 % .342

Shared decision makingc 2.67 2.25 .614

aDA (N = 16), control (N = 11); participants only responded to this part of the survey if they indicated they had
communicated with their physician about their BMD results
bMeasured based on chart review
cDA (N = 6), control (N = 4); participants only responded to this part of the survey if they indicated they had
communicated with their physician about their BMD results

Table 1 (continued)
Intervention
(N = 29)

Control
(N = 21)

Total
(N = 50)

p value

Menopause start age <45 8 (27.6) 2 (9.5) 10 (20.0) 0.115

aAt time of randomization
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(Table 2). There were also no significant differences in pre-
scription medication use in the osteoporosis subgroup, though
there was less medication uptake in the decision aid arm based
on self-report and chart review (self-report 23.1 vs. 50.0 %,
p = .241; chart review 15.4 vs. 50.0 %, p = .111).

Shared decision making

Shared decision making was assessed at 3 months. Although
shared decision making scores were higher in the decision aid
arm, these differences were not statistically significant in the
cohort overall [Table 2; 3.19 (SD = 1.2) vs. 2.91 (SD = 1.3),
p = .566] or in the osteoporosis subgroup [Table 2; 2.67
(SD = 1.5) vs. 2.25 (SD = 0.5), p = .614].

Discussion

In this pilot randomized trial, a patient portal-based decision
aid for fracture prevention also improved patients’ preparation
for decision making, decreased decisional conflict immediate-
ly post-intervention, and increased the likelihood that patients
reported making a decision about how to prevent osteoporotic
fractures. The decision aid was also acceptable to patients and
feasible for them to use. These improvements in decision
making occurred with little evidence of increased physician
workload.

Our results regarding both increases in the percentage of
patients who made a decision and improvements in decision-
al conflict were consistent with a systematic review of deci-
sion aids across a number of conditions [13] and extend
those findings to a portal-based aid. To our knowledge, this
was the first decision aid in fracture prevention to show a
difference in decisional conflict with a decision aid.
Decisional conflict and preparation for decision making are
commonly used measures of decisional quality [13, 18]

which reflect patients’ understanding of important aspects
of the decision they are facing. At 3 months, we also found
that an increased number of patients actually made a deci-
sion in the decision aid arm. Furthermore, the possible trend
toward decisions to increase uptake of calcium and vitamin
D deserves future study.

Although there were differences in other secondary out-
comes of nonprescription medication uptake and intentions
to take nonprescription medications between decision aid
and control arms, these differences did not reach statistical
significance. Furthermore, the effect upon prescription treat-
ment decisions was not statistically significant among the os-
teoporosis subgroup was reversed (though not statistically so).
While decision aids were initially developed for particularly
value-sensitive decisions such as total joint replacement
(where the decision may hinge on the value the patient places
on risk of surgery vs. chronic pain), they have also been ap-
plied to preventive care, particularly to preventive care deci-
sions that involve personalized risk estimates. Guidelines by
the National Osteoporosis Foundation and several internation-
al groups recommend that shared decision making be part of
standard treatment [1, 2], but as the results of this and other
studies [24] suggest, patients either place larger value on
avoiding medications or less value on fracture reduction than
their physicians do. Therefore, even when the physician and
patient see similar outcomes data, they may interpret the in-
formation presented differently. Future qualitative studies as
well as studies in larger cohorts could provide insight into
which values might be driving patients’ decisions and evalu-
ate whether the aid improves the match between values and
decisions. They could also examine further questions such as
whether adding framing messages to reduce unrealistic expec-
tations (e.g., Bthis medication reduces fractures by about the
same amount as cholesterol medications reduce heart attacks^)
to an osteoporosis decision aid could increase guideline
adherence.

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

Baseline

p=.356

Post-Intervention*

p<.001

3 month

p=.078

Experimental

Control

OP Experimental

OP Control

Fig. 3 Decisional conflict scores
in main cohort and osteoporosis
subgroup. This figure compares
decisional conflict between
decision aid and control arms at
baseline, post-intervention (or
control website), and at 3 months
based on the Decisional Conflict
Scale [23] in the full cohort and in
a subgroup of patients diagnosed
with osteoporosis. The asterisk
indicates a significant result
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Although the higher scores for our secondary outcomes of
shared decision making in the decision aid arm in our pilot
study were not statistically significant, our finding of greater
shared decision making in the decision aid arm is consistent
with another study that used audiotapes to assess communica-
tion and found significant improvement in measures of shared
decision making after an in-office osteoporosis decision aid
[25]. Since perceptions of increased length of office visits with
decision aids are important barriers to decision aids outside of
trials [13], a larger study is needed to determine whether our
portal-based decision aid (which addresses this barrier) can
still support shared decision making.

Our study also showed the feasibility of several aspects for
a larger randomized controlled trial like providing older pa-
tients with patient portal-based decision aids, as patients were
able to navigate the electronic decision aid with minimal as-
sistance. However, the current study suggests that for osteo-
porosis decision aids specifically, patients may not be able to
appropriately use their BMD score in the FRAX calculator
without some assistance. Unless automated entry of test re-
sults can be incorporated into portal-based decision aids, it
may be necessary in future trials—or in actual office prac-
tice—to develop a hybrid protocol where patients complete
the decision aid outside the physician office, but more techni-
cal sections are completed with assistance from office staff or
the physician. Further, recruiting and providing the decision
aid Bjust in time^ when bone density results are sent to the
patient may not be the most effective timing for recruitment in
a larger trial unless bone density tests can be scheduled prior to
a preventive visit. Many patients in our study did not have a
formal office visit with their physician and did not have the
opportunity to discuss the decision aid. A future randomized
controlled trial will need to ensure that patients return to see
their physician during the study period perhaps by recruiting
after the return visit has been set-up in order to get a better
reading on the impact of the portal-based decision aid on
shared decision making and physician workload.

This study has limitations. First, this study was underpow-
ered for treatment decisions, limiting the power to detect dif-
ferences between groups, which may have prevented statisti-
cally significant results like shared decision making at
3 months and durability of results for decisional conflict.
However, a strength of our study was the repeated assessment
of decisional conflict scores over time. Second, neither pa-
tients nor physicians could be adequately blinded to their treat-
ment arm. Third, our sample of patients included some with
prior treatment experience or FRAX scores that did not reach
guideline recommendations. Given the high rate of discontin-
uation of osteoporosis medications and nonprescription treat-
ments, we believe these more inclusive criteria for use of the
decision aid are appropriate, but a larger study could focus on
guideline-appropriate treatments for specific subgroups.
Fourth, the decision aid included only total fracture risk

because of programming costs, though in the USA, guidelines
utilize hip fracture risk as well. Finally, the cohort was rather
homogenous and limited to one health system, and the deci-
sion aid should be studied in other settings. Despite these
limitations, we were able to demonstrate a significant differ-
ence in DCS after the intervention, supporting the value of this
decision aid in improving decision quality regarding osteopo-
rosis treatment.

In conclusion, a patient portal-based decision aid was ef-
fective at decreasing decisional conflict, preparing patients to
make a decision on how to prevent fractures and at increasing
patients’ self-reported decision making. The promising results
of this pilot study provide important evidence of the feasibility
of conducting a larger randomized controlled trial of a portal-
based aid in osteoporosis and support the need for larger stud-
ies of its impact on patient care.
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