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Background: The best treatment option for patients with Graves’ disease (GD) depends on each person’s
situation and how the differences between the treatment options matter to them in bringing resolution to their
illness. The objective of this study was to develop and test an encounter decision tool (GD Choice) for patients
and clinicians to engage in shared decision making about the treatment of GD.
Methods: GD Choice was developed using an iterative process based on the principles of interaction design and
participatory action research. To evaluate the impact of the tool, a controlled before–after study was conducted,
assessing the use of GD Choice versus usual care (UC).
Results: Sixty-eight patients were enrolled, 37 to UC and 31 to GD Choice. At baseline, the groups were
similar. Treatment discussion length was similar in both arms. After their visit, patients in both groups had
similar knowledge about the options, except for GD Choice patients knowing significantly more about the
complications of treatment (correctly answered by 83% vs. 55%; p = 0.04). Compared with UC, patients in the
GD Choice arm had greater involvement in decision making observed on video recordings of clinical en-
counters (mean OPTION scale score, 35% vs. 30%; p = 0.02), but reported similar levels of decisional comfort
and participation in shared decision making.
Conclusions: GD Choice increases engagement in the decision-making process and knowledge regarding
intervention complications without increasing the length of consultation. These promising results support the
conduct of a randomized trial of GD Choice versus UC in a large multicenter trial.

Introduction

Graves’ disease (GD) is the cause of hyperthyroidism
in approximately 0.3–0.5% of the U.S. population (1).

The abnormally elevated thyroid hormone levels arising from
GD can result in a variety of symptoms, including weight
loss, insomnia, muscle weakness, menstrual irregularities,
tachycardia, and sight-threatening eye disease (1). Over time,
GD decreases quality of life (2) with impacts on physical and
social function, mental health, and overall well-being.
Without treatment, GD may result in thyroid storm or life-
threatening cardiac complications.

There are three treatment options for GD: antithyroid
drugs (ATDs), radioiodine ablation, and surgery (3). These
differ in their mechanisms to induce resolution of hyperthy-
roidism, as well as in their safety, convenience, and cost. No

one option is considered superior for all patients. Indeed,
patients with GD face a daunting task in deciding with their
endocrinologist which treatment option is best for them in
their situation. In fact, The Guidelines for Hyperthyroidism
from the American Thyroid Association and American As-
sociation of Clinical Endocrinologists, published in 2011,
stated that ‘‘Once the diagnosis has been made, the treating
physician and patient should discuss each of the treatment
options, including the logistics, benefits, expected speed of
recovery, drawbacks, potential side effects, and cost’’ (3).
Nevertheless, the Guidelines offered no further specifics on
how to structure such a discussion and offered no tools to
facilitate or support it.

Decision aids (DAs) are tools designed for use during the
clinical encounter to create conversations between patients and
clinicians. In these conversations, they share evidence-based
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information about the options and their relative favorable and
unfavorable features, and collaboratively deliberate about how
each of the options will affect the patient’s life and prognosis
(4). A systematic review of randomized trials concluded that
use of DAs increase patient knowledge, accurate risk percep-
tions, satisfaction with the decision, and number of patients
achieving decisions that were informed and consistent with
their values (5).

In this study, an encounter decision tool, Graves’ Disease
Choice (GD Choice), was developed, and its impact on the
conversations patients with GD have with their endocrinol-
ogist and on the quality of the decision-making process they
followed was evaluated.

Methods

The Mayo Clinic Institutional Review Board approved all
study procedures. Patients and clinicians provided written
informed consent before participation.

Development of GD Choice

A multidisciplinary team was formed comprised of a senior
research designer, patients, and clinicians. A novel practice-
based, patient-centered approach was used, based on design/
participatory action research, developed and validated by the
authors’ team for decision aid development (6,7). This process
involves: (i) review and synthesis of the available evidence;
(ii) analysis of usual practice; (iii) development of an initial
prototype; (iv) field testing (i.e., use in real clinical encounters
with patients facing the decision of interest and their clinicians)
of the prototype in clinical settings under the study team’s
supervision; and (v) successive iterations and field testing of
the prototype (Fig. 1). The development work continues until
the tool is able to support the creation of a conversation con-
sistently between patients and clinicians in which patients
verbalize ‘‘trying on’’ the different options, testing the hy-
potheses that the option considered will be a best fit for them.
The goal is not to maximize support, offering comprehensive

information, but rather to build on what clinicians and patients
usually attempt while providing the smallest, least intrusive
support that will achieve the tool’s goal.

Evaluation of tool’s impact on patient-important
outcomes

Design, study setting, and participants. This controlled
before–after study (Fig. 1) took place at the Thyroid Clinic
within the Division of Endocrinology at the Mayo Clinic
(Rochester, MN). This group includes nine clinical endocri-
nologists with expertise in the management of thyroid dis-
orders. For the first nine months (first cohort), all patients
referred to the clinic for treatment of GD who gave consent to
participate in this study experienced usual care (UC). For the
following 15 months, a second cohort of patients with GD
seen at the clinic who had not been seen in the previous nine
months (and thus were not part of the UC arm) experienced
care supplemented by the intervention (GD Choice).

Eligible patients were identified from the upcoming ap-
pointment schedules of the clinicians. Eligible patients were
adults with GD who, as judged by their clinicians, needed
treatment for this condition. Pregnant women were excluded
because the tradeoff between benefits and harms for each
option was different from the average patient with GD. Fi-
nally, clinicians were given the opportunity to exclude other
patients where the risks and benefits of one or more treatment
options were thought to be significantly different from that
expected for the average GD patient (i.e., severe Graves’
orbitopathy, large and compressive goiters). Eligible patients
were invited to participate prior to their scheduled appoint-
ment, and were enrolled in the study after giving written
informed consent for participation.

Outcome measures. Immediately after the visit, patients
and clinicians completed a brief survey to ascertain patient
knowledge about the options, and to document participants’
perception of the quality of the decision-making process.

FIG. 1. Overview of study
design. Patients consenting
for usual care preceded
patients consenting for
GD Choice.
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When patients and clinicians consented, the encounter was
recorded using video or audio based on their preference.

To evaluate the decision-making process, patients and
clinicians completed the 9-item Shared Decision Making
Questionnaire (SDM-Q-9) (8,9). This instrument consists of
nine statements, which can be rated on a six-point scale
from 0 = ‘‘completely disagree’’ to 5 = ‘‘completely agree.’’
Summing up all items leads to a raw total score between 0 and
45. When required, up to two missing items were imputed
using the mean of the items that were filled out to calculate
the raw score. No total score was calculated if more than two
items were missing. Multiplication of the raw score by 20 and
then dividing it by nine provided a new score that ranged
from 0 to 100, where 0 indicates the lowest possible level of
SDM and 100 the highest possible level (8).

To evaluate decisional conflict, the ‘‘uncertainty’’ subscale
of the modified Decisional Conflict Scale (DCS) was used
(10). This subscale consists of three questions on a 0–4 scale,
where at least two responses were needed for analysis. The
overall uncertainty subscale was converted to a 100-point
scale, where a score of 0 means that a patient feels extremely
certain about the best choice and 100 means that patient feels
extremely uncertain about best choice.

A questionnaire was created to assess patients’ knowledge
about treatment options for GD. Responses were true, false,
or I don’t know. These items were fashioned after similar
items that showed construct validity and responsiveness in
previous decision aid trials (11,12).

In duplicate, video recordings were also evaluated for the
extent to which clinicians engaged patients in the decision-
making process using the Observer OPTION12 scale (13).
The Observer OPTION12 scale is designed to evaluate the
level of shared decision making occurring in clinical en-
counters, as captured through audio or video. The authors’
group has used this tool extensively to assess video/audio
recordings with excellent inter-rater reliability (intraclass
correlation coefficient >0.7) (6,11). For this study, four ob-
servers conducted the review. Three of the observers had to
come to agreement with a primary observer. The intraclass
correlation coefficient ranged from 0.83 to 0.97.

To assess fidelity to the tool, a checklist was developed
collaboratively by the study team that assessed the clinician’s
use of the DA as intended. The video/audio recording was used
in both the intervention group and the control group. The items
of the fidelity checklist were scored as present or not. The total
score was calculated by adding and dividing the total number of
items, with a range of 0% to 100%. Higher scores indicate
higher fidelity to the intended use of the DA. In control group
visits, this score reflects the extent to which elements of the tool
were already present as part of the usual care of GD patients at
Mayo Clinic. Assessing fidelity is important because the design
of the DA can accommodate a range of clinician uses, some of
which do not lead to shared decision making (14). Finally, the
final treatment option for each patient was extracted, and the
treatment decision was compared between the two arms.

Analytic methods. To estimate the sample size, a stan-
dard deviation difference was used in a continuous outcome
(SDM-Q-9 scale) (9). Sample size estimates are based on
having 80% power to detect a minimum difference of 10
points on a two-sided test (a = 0.05). The sample size needed
was 60 patients with 30 per arm. Baseline characteristics

were reported as means and standard deviations for contin-
uous variables, and categorical values were reported as
counts and frequencies and compared between study arms
using t-tests and chi-square tests, respectively. As clinicians
can have multiple patients per arm, any clustering impact the
clinician might have had on the outcomes of interest was
explored. The intra-cluster correlation was found to be 0 for
all outcomes, except DCS uncertainty. The analysis com-
paring results across arms for this outcome is adjusted by the
clustering effect. Any imbalances ( p < 0.05) were accounted
for in subsequent analyses. All data management and statis-
tical analyses were conducted using SAS v9 (Cary, NC) and
Stata v11 (College Station, TX).

Results

Content and evidence

To provide accurate and up-to-date evidence regarding the
effectiveness of the three treatment options across critical
outcomes in the DA, a systematic review of the literature was
conducted, which is published elsewhere (15).

Prototype development

Clinicians and patient representatives were convened to
discuss the evidence summary, seeking to uncover blind
spots in the evidence or in the review. The team also observed
and recorded 10 encounters with patients with GD at the
Endocrinology Clinic at Mayo Clinic-Rochester Campus, to
identify how treatment decisions are usually made, how op-
tions are presented, and how deliberation takes place. From
stakeholder meetings and encounter observations, a com-
prehensive set of salient issues for patients was identified: (i)
effectiveness of therapy (when am I going to start feeling
better?), (ii) side effects, (iii) the need for thyroid replace-
ment therapy, (iv) cost of therapy, (v) frequency of follow-up
during therapy and with thyroid replacement therapy, and (vi)
the importance of concomitant Graves’ ophthalmopathy. The
evidence was then organized using this issue list (Table 1).

The recommendations and standards for the construction
of decision aids were followed from The International Patient
Aid Standards (IPDAS) (16). The initial prototype of the
decision aid was created through a series of discussions with
members of the study team, clinicians, and patients. An initial
prototype was piloted in three real-life clinical encounters,
looking for patterns in the conversations, and the issues,
problems, and challenges were documented. The study team
then evaluated the quality of the conversations and the ability
of the prototype to facilitate the decision-making process.
This process was repeated 11 times until the entire team
reached consensus that the prototype was successful in in-
volving patients in decision making. After making the nec-
essary revisions, the endocrinologists were introduced to the
final prototype decision aid (see ref. [17]) and they were
trained in its use, with its intended use being demonstrated in
one-on-one sessions. Otherwise, using the DA was highly
intuitive and required minimal training.

Impact of the decision aid, GD Choice

Of the 103 patients approached, 93 expressed interest, of
which 68 were eligible (25 patients had hyperthyroidism not
due to GD). Of these, 37 received UC without the GD Choice
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tool, and 31 received care with the GD Choice tool. Baseline
characteristics were similar in both groups (Table 2).

Fidelity and process

Out of a maximum of 100 points (100%), encounters in the
DA arm had an average fidelity score of 51% (range 5–90%).
In contrast, encounters in the UC arm had an average score of
22% (range 5–40%), a mean difference of 29% [CI 18–41]
(Table 3 and Supplementary Table S1; Supplementary Data
are available at www.liebertpub.com/thy).

Importantly, patients in the GD Choice arm received more
information regarding considerations, adverse effects, and
impact of the treatment options compared with patients in the
UC arm (Fig. 2). For instance, patients in the GD Choice arm
more frequently received information about the possibility of
hoarseness as a complication of surgery than did patients in
the UC arm (59% vs. 4%; p = 0.01).

Use of the tool had no material impact on encounter
duration (information not available for nine encounters):
median duration was 39 minutes (range 5–70 minutes) for UC
encounters (n = 30), and 40 minutes (range 20–90 minutes)
for GD Choice encounters (n = 29).

Knowledge

Patient knowledge scores were found to be similar between
arms, with a median of four correct responses out of the five
questions asked (Supplementary Table S2). More patients in
the GD Choice arm answered correctly the only knowledge
question regarding complications of treatment (people with
GD who have surgery may have problems with their voice;
p = 0.04; Table 3).

Uncertainty, quality, and patient involvement
in decision making

Self-reported measures of the quality of shared decision
making—DCS Uncertainty Subscale, and SDM-Q-9—failed
to show a statistically significant difference between UC
and GD Choice arms. Analysis of video recordings showed

greater patient involvement in decision making in the GD
Choice arm as evaluated by the OPTION scale (Table 3).

Treatment choice

Of the patients who responded to the question about
treatment choice at the end of the encounter (n = 55; 32 UC,
23 DA), more patients in the GD Choice arm (70% vs. 44%;
p = 0.058) reported having reached a treatment decision
(Table 3). Medical record review showed more patients
choosing radioactive iodine therapy (RAI; 42%) in the GD
Choice arm than in the UC arm (31%; p = 0.66).

Discussion

Compared with UC, patients participating in encounters
using GD Choice were more involved in the decision-making
process, received and understood more information about
adverse consequences of treatment, and were more likely to
report making a decision at the visit. GD Choice use did not
have an effect on self-reported shared decision making or on
treatment choice. These effects were achieved with subopti-
mal fidelity, but with minimal training and without length-
ening duration of the encounter.

Limitations

The design of the study poses the potential risk of selection
bias. However, randomization at the clinician level, in a small
trial, could have led to imbalanced groups in terms of number
of participants and in terms of the communication skills of
participating clinicians. Likewise, randomization at patient
level had the potential for contamination, as the small group
of clinicians could have potentially transferred elements of
the decision aid to the control encounters, biasing the trial
results toward the null. Therefore, the controlled before–after
design was the most feasible approach for this study.

The main limitation of the study relates to its sample size,
producing imprecise results and limited robustness of sta-
tistically significant results (few different responses on the
surveys would have been needed to change a statistically

Table 1. Summary of Evidence for Patient Important Outcomes

Cure
rate Costa Adverse effects

Need for
lifelong
thyroid

replacement
Speed of
recovery

Frequency
of follow-up
(first year)

Mild eye
disease

ATD 50–60% $300–400 One in four patients will drop
treatment due to side effects
(nausea, skin rash, pruritus)

0% 4–8 weeks 4–8 per year Unchanged

RAI 90% $4000–5000 New eye disease (15%)
Minor risk for malignancy
Impaired male fertility
(4–6 months)
Avoid pregnancy (6 months)

90% 12–18
weeks

2–3 per year May
worsen

Surgery 95% $30,000–40,000 Permanent scar (1–2 inches)
Temporal hoarseness (4%)
Permanent hoarseness (<1%)
Need for calcium pills for
lifetime (1%)

100% Immediately 1–2 year Unchanged

aCost does not include visits or tests.
ATD, antithyroid drugs; RAI, radioactive iodine therapy.
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significant to nonsignificant results). Additionally, it was not
possible to obtain video recording and survey data for all
patients; missing data impair the ability to draw any robust
conclusions and further the need for a larger study. Moreover,
this study enrolled many participants who had already had an
initial discussion regarding GD before the clinical encounters
at Mayo Clinic, likely an unavoidable effect of conducting
this work in a referral endocrine practice. Patients with less
knowledge could derive greater benefit from knowledge

transfer and involvement in decision making (18). In addi-
tion, given that the clinicians used the DA only a few times, it
is likely that repeated use may improve its impact.

Comparison with prior research

The present findings are consistent with prior studies as-
sessing the impact of DAs on patient involvement, but this
study stands alone as the first effort to promote shared

Table 2. Baseline Characteristics

Control (n = 37) GD Choice (n = 31) Total (n = 68) p-Valuea

Sex 0.82
Female 29 (78%) 25 (81%) 54 (79%)
Male 8 (22%) 6 (19%) 14 (21%)

Age (years) 0.61
Mean (SD) 41.8 (14) 44.1 (16) 42.8 (15)
Range (18–72) (19–76) (18–76)
Missing 0 1

Current smoker 0.08
No 28 (87.5%) 20 (69.0%) 48 (78.7%)
Yes 4 (12.5%) 9 (31.0%) 13 (21.3%)
Missing 5 2

Thyroid gland (g) 0.57
Mean (SD) 35.7 (26) 35.7 (19) 35.7 (23)
Range (10–150) (10–100) (10–150)
Missing 4 0

Graves’ orbitopathy 0.71
No 30 (81%) 28 (90%) 58 (85%)
Yes 5 (13%) 3 (10%) 8 (12%)
Missing 2 (6%) 0 (0%) 2 (3%)

Total number of prescribed
medications patient is
currently taking

0.46

Mean (SD) 4.8 (4) 6 (5) 5 (4.7)
Range (0–16) (0–21) (0–21)
Missing 1 1

Race/ethnicity 0.68
Asian 1 (3%) 1 (4%) 2 (4%)
African American 0 (0%) 1 (4%) 1 (2%)
White 28 (90%) 20 (87%) 48 (90%)
Other 2 (7%) 1 (4%) 3 (6%)
Missing 6 8

Education 0.58
High school graduate or less 9 (30%) 5 (22%) 14 (26%)
Some college or associates degree 9 (30%) 9 (40%) 18 (34%)
Four year college graduate 3 (10%) 5 (22%) 8 (15%)
Graduate or professional school degree 9 (30%) 4 (17%) 13 (24%)
Missing 7 8

Marital status 0.28
Married/life partner 22 (73%) 13 (56%) 35 (66%)
Separated 1 (3%) 0 (0%) 1 (2%)
Divorced 2 (7%) 6 (26%) 8 (15%)
Widowed 0 (0%) 1 (4%) 1 (2%)
Single 5 (17%) 3 (13%) 8 (15%)
Missing 7 8

Income 0.20
<$40k 5 (17%) 6 (35%) 11 (24%)
$40k to <$80k 8 (27%) 6 (35%) 14 (30%)
$80k+ 16 (55%) 5 (29%) 21 (46%)
Missing 8 14

aContinuous comparisons conducted using t-tests or Wilcoxon’s rank-sum tests, and categorical comparisons conducted using chi-square
or Fisher’s exact tests, as appropriate.
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decision making for treatment decisions in patients with GD.
The Diabetes Medication Choice study (11) found a signifi-
cant increase in involvement, with an average of 21.8/100
points on the OPTION scale. Compared with this trial and
others, in the present study, the observed gain in patient

involvement with the use of a DA was smaller. This may
represent the limited use of the tool by any individual clini-
cian (suboptimal fidelity), and gains in this area may be seen
with continued use or further training. Other causes of the
small effect size may relate to issues with the design of the

Table 3. Impact of the GD Choice on Treatment Choice, Decision-Making Process, and Knowledge

Source of data Outcomes Control GD Choice
Mean diff GD

Choice – UC [CI] p-Value

Chart review Treatment decision n = 36 n = 31
ATDs 16 (44%) 10 (32%) 0.66
RAI 11 (31%) 13 (42%)
Surgery 6 (17%) 4 (13%)
No decision 0 (0%) 1 (3%)
Other 3 (8%) 3 (10%)

Surveys Level of uncertainty (DCS scale) n = 31 n = 23
Mean [CI] 30 [12–47] 27 [7–47] -2.8 [-27–22] 0.2a

Median (IQR) 25 (8–50) 25 (0–50)
Level of shared decision

making (SDMQ-Patient)
n = 28 n = 23

Mean [CI] 19 [17–21] 20 [19–21] 0.99 [-0.98–3.0] 0.47
Median (IQR) 19 (17–22) 21 (18–22)
Level of shared decision

making (SDMQ-Clinicians)
n = 32 n = 30

Mean [CI] 19 [17–21] 20 [18–23] 1.4 [-1.5–4] 0.18a

Median (IQR) 21 (16–22) 20 (18–23)
Knowledge transfer n = 31 n = 23
Overall median (IQR) 4 (3–5) 4 (3–5) 0.33
Question side effects, n (%) 17 (55%) 19 (83%) 0.043

Video recordings Fidelity score n = 26 n = 28
Mean (SD) 22 (9) 51 (28) 29 (18,41) 0.01
Median IQR 23 (10–30) 45 (30–80)
Patient engagement

(OPTION score)
n = 26 n = 28

Mean (SD) 30 (8) 35 (9) 5 (0.2–10) 0.02
Median (IQR) 30 (26–36) 34 (31–41)

Results shown as proportions with Fisher’s exact test statistics for categorical and mean [CI], median (IQR) with Wilcoxon’s rank-sum
for continuous outcomes.

aClustering of clinician accounted for in estimates and p-value; p-value (ICC) listed.

FIG. 2. Frequency of topics discussed during the encounters.
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tool that did not promote conversation as expected and high
shared decision-making skills of the clinicians at baseline.

While not statistically significant, an improvement in de-
cisional uncertainty was found among patients in the DA
arm; similar findings were observed in a randomized trial of a
DA for statin treatment (12). In the latter, patients in the statin
decision aid group had greater decisional comfort (10.6
points higher on a 100-point scale) than did patients ran-
domized to UC. In contrast to these two and other trials using
decision aids, improvement in overall knowledge transfer
could not be demonstrated in the present study (18).

The present findings also demonstrate disagreement be-
tween two validated tools to assess shared decision making:
SDM-Q-9 and OPTION. A prior cross-sectional study com-
pared these scales among patients with chronic diseases
facing medical decisions (19). This study found that the as-
sociation between the total scores was weak (r = 0.19). The
OPTION scale assesses decision making from the perspec-
tive of an external observer through video or audio record-
ings, while SDM-Q-9 assesses shared decision making from
the patient and clinician perspective (20). Thus, it is possible
that each scale measures a different construct of the shared
decision-making process. Because patients in the UC group
were not exposed to the shared decision-making experience,
they may report the UC experience as meeting their expec-
tations for involvement, unaware that their participation
could be greater. Similarly, clinicians reported SDM-Q-9 in
the UC arm before they had the experience of using GD
Choice.

It was found that patients with GD using the GD Choice
had similar treatment choices to patients in UC. Nevertheless,
a nonstatistically significant increase was observed, in the
number of patients in the GD Choice arm choosing RAI and
the number of patients in the UC arm choosing ATDs. A
systematic review of DAs found that the effect of DAs on
choices was variable and inconsistent (5). This effect on
choice of treatment could be a spurious effect resulting from
the small sample size, and may not represent a true effect of
the decision aid. Additionally, other studies using DAs have
found the length on consultation may vary from eight minutes
shorter to 23 minutes longer (5). A statistically significant
difference in the length of the consultation with or without the
DA was not detected. This finding strengthens the argument
that the use of a DA, besides being an ethical imperative for
patient autonomy and patient-centered care, can be feasibly
integrated into the specialty care of patients with GD.

Conclusions

GD Choice—a feasible, acceptable, efficient, and effective
encounter decision aid—was developed to promote shared
decision making about treatment options for GD in the
specialty setting. GD Choice increased engagement in the
decision-making process and knowledge regarding side effects
of the interventions without increasing the length of consul-
tation. The results of this preliminary evaluation support plans
to conduct a larger multicenter trial to evaluate its impact on
the care of patients with GD facing treatment decisions.
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