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BACKGROUND: Women of lower socioeconomic status (SES) with early-stage breast cancer are more likely to report poorer physician-

patient communication, lower satisfaction with surgery, lower involvement in decision making, and higher decision regret compared to 

women of higher SES. The objective of this study was to understand how to support women across socioeconomic strata in making 

breast cancer surgery choices. METHODS: We conducted a 3-arm (Option Grid, Picture Option Grid, and usual care), multisite, rand-

omized controlled superiority trial with surgeon-level randomization. The Option Grid (text only) and Picture Option Grid (pictures plus 

text) conversation aids were evidence-based summaries of available breast cancer surgery options on paper. Decision quality (primary 

outcome), treatment choice, treatment intention, shared decision making (SDM), anxiety, quality of life, decision regret, and coordination 

of care were measured from T0 (pre-consultation) to T5 (1-year after surgery. RESULTS: Sixteen surgeons saw 571 of 622 consented pa-

tients. Patients in the Picture Option Grid arm (n = 248) had higher knowledge (immediately after the visit [T2] and 1 week after surgery 

or within 2 weeks of the first postoperative visit [T3]), an improved decision process (T2 and T3), lower decision regret (T3), and more 

SDM (observed and self-reported) compared to usual care (n = 257). Patients in the Option Grid arm (n = 66) had higher decision pro-

cess scores (T2 and T3), better coordination of care (12 weeks after surgery or within 2 weeks of the second postoperative visit [T4]), and 

more observed SDM (during the surgical visit [T1]) compared to usual care arm. Subgroup analyses suggested that the Picture Option 

Grid had more impact among women of lower SES and health literacy. Neither intervention affected concordance, treatment choice, 

or anxiety. CONCLUSIONS: Paper-based conversation aids improved key outcomes over usual care. The Picture Option Grid had more 

impact among disadvantaged patients. Cancer 2021;127:422-436. © 2020 The Authors. Cancer published by Wiley Periodicals LLC on 

behalf of American Cancer Society This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-

NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-com-

mercial and no modifications or adaptations are made. 

LAY SUMMARY: 

• The objective of this study was to understand how to help women with lower incomes or less formal education to make breast cancer 

surgery choices.

• Compared with usual care, a conversation aid with pictures and text led to higher knowledge. It improved the decision process and 

shared decision making (SDM) and lowered decision regret. A text-only conversation aid led to an improved decision process, more 

coordinated care, and higher SDM compared to usual care. The conversation aid with pictures was more helpful for women with lower 

income or less formal education.

• Conversation aids with pictures and text helped women make better breast cancer surgery choices. 
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INTRODUCTION
Although overall breast cancer survival is improving, dispar-
ities in breast cancer treatment, communication, long-term 
health outcomes, and mortality remain.1,2 Among women 
with early-stage breast cancer, lower socioeconomic status 
(SES) is a stronger predictor of poor outcomes and treat-
ment received than race or ethnicity.3,4 Women of lower SES 
with early-stage breast cancer report poorer communication 
with their care team, less breast cancer surgery knowledge, 
higher uptake of mastectomy, and worse cancer-related and 
patient-centered health outcomes.1,2,5-11 They are also less 
likely to receive guideline-based management, including ra-
diation after breast-conserving surgery.2,10

Breast-conserving surgery with radiation and mas-
tectomy are equally effective surgical treatment options for 
early-stage breast cancer, yet they have distinct tradeoffs 
that women value differently.12 Shared decision making 
(SDM) is recommended, yet only 44% to 51% of women 
with early-stage breast cancer across socioeconomic strata 
achieve the degree of participation that they desire.5,6,13-16 
Women of lower SES are more likely to play a passive role 
in decision making and report higher decision regret after 
surgery.2,5,8,9,11

Patient decision aids could help to reduce these 
disparities by providing evidence-based information 
about the tradeoffs between options and by facilitating 
SDM.17,18 However, most patient decision aids require 
high literacy/health literacy levels19 and are, therefore, 
less effective for people with lower education, health lit-
eracy, or SES.18-25 Short, paper-based conversation aids 
designed for use in clinical encounters might better meet 
the needs of disadvantaged patients (with pictures, sim-
pler text, and cost prompts).18,22,26

Conversation aids increase patients’ knowledge and 
participation in decision making and improve risk per-
ceptions without increasing the visit duration.27-36 They 
can be integrated into routine care and electronic health 
records.34 According to proportionate universalism, care 
should meet the needs of those who have the greatest bur-
den of disease and address health disparities and priority 
populations.37 For example, plain language and pictures 
can promote understanding, regardless of patients’ health 
literacy.18,38 Picture-based interventions rely on the con-
cept of pictorial superiority, which is defined as the ability 
of pictures to improve understanding and recall, with evi-
dence showing increased visual literacy in people of lower 
textual literacy.39-43 The effect of paper-based conversa-
tion aids that include a pictorial intervention specifically 
designed to meet the needs of disadvantaged patients has 
not been evaluated across socioeconomic strata.

Our primary aim was to compare the effectiveness 
of 2 conversation aids (pictorial and text only) and usual 
care for decision quality and other secondary outcomes.

Our secondary aim was to measure the effect of the 
pictorial conversation aid on SES-based disparities in de-
cision making (decision quality, knowledge, and SDM).

MATERIALS AND METHODS
This trial follows the 2010 Consolidated Standards of 
Reporting Trials checklist (Supporting Table 1).44,45 For 
details, see the published protocol and ClinicalTrials.gov.46

Dartmouth College CPHS approved the study on 
June 8, 2017. Montefiore Medical Center Institutional 
Review Board (IRB) provided authorization agreement 
to rely on review by Dartmouth College on September 
8, 2017. Ethical approval for Washington University in  
St. Louis was provided by The Washington University in 
St. Louis IRB on May 9, 2017. NYU School of Medicine 
IRB provided ethical approval on August 29, 2017.

Study Design
We conducted a 3-arm, multisite, parallel, controlled 
superiority trial of surgeons randomized to 1 of 3 arms: 
text-only conversation aid, pictorial conversation aid, or 
usual care. Patients were units of observation. To mini-
mize contamination, we randomized surgeons to 1 of 3 
arms nested within 4 cancer centers. We used balanced 
block randomization to account for the varying number 
of surgeons at each site. Patients who provided informed 
consent inherited the arm to which their surgeon was 
randomized. Although we planned to stratify patients ac-
cording to SES in statistical analyses, we did not enforce 
balance with respect to SES when enrolling subjects (see 
Supporting Table 2 for the SES composite variable defi-
nition). In the context of this study, we defined patients 
of lower SES as having at least 2 of the following: lower 
income, lower educational attainment, or underinsurance 
(see Supporting Table 2 for further details).

We used community-based participatory research 
methods to ensure partnerships and shared responsibility 
among stakeholders.38,47-50 To support patient recruitment 
and data collection, we used breast cancer survivors at each 
site as patient associates.46 They provided continuous input 
in designing, planning, conducting, and managing the study.

Setting
We conducted the study at 7 clinics within 4 National 
Cancer Institute–designated cancer centers in urban and 
rural locations that provided care to diverse SES, ethnic, 
and racial populations.
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Study Participants
We randomized breast surgeons to accrue patients in 1 of 3 
trial arms for 18 months. We recruited English-, Spanish-, 
and Mandarin Chinese-speaking women (18 years old or 
older) with a biopsy-confirmed diagnosis of early-stage 
breast cancer (stages I-IIIA) eligible for breast-conserving 
surgery and mastectomy according to medical records 
and participating surgeons’ judgment. We excluded men; 
transgender men and women; patients who had previ-
ously undergone prophylactic mastectomy; and patients 
with visual impairment, inflammatory breast cancer, or 
severe mental illness or dementia. To complete follow-up 
assessments, we recruited patients receiving neoadjuvant 
therapy only during the first 9 months of the trial.

Interventions and Comparator
The principal investigator trained surgeons in SDM and 
how to use their assigned intervention before recruit-
ment.46 Surgeons in the intervention arms introduced 
the paper-based conversation aids during the first surgi-
cal encounter (see Fig. 1). The text-only conversation aid 
(Option Grid) was a 1-page, tabular evidence-based sum-
mary of available options. It was written in plain language 

(Flesch-Kincaid grade level of 6.6).51 The 4-page pictorial 
conversation aid (Picture Option Grid) used the same evi-
dence as the Option Grid but included images and simpler 
text (Flesch-Kincaid grade level of 6.5). It was designed 
with and for women of lower SES and health literacy.38 It 
included a prompt for surgeons to discuss treatment costs. 
We developed, tested, and validated both conversation 
aids according to user-centered design principles.29,38,52-54 
In the usual-care arm, surgeons provided their stand-
ard information about breast cancer (see Supporting 
Table 3). We translated the interventions into Spanish and 
Mandarin Chinese (see Supporting Table 4).46

Outcomes
We used validated, short-form questionnaires whenever 
available. We measured outcomes at the baseline (T0), 
during the surgical visit (T1), immediately after the visit 
(T2), 1 week after surgery or within 2 weeks of the first 
postoperative visit (T3), and 12 weeks after surgery or 
within 2 weeks of the second postoperative visit (T4; 
Supporting Table 2). Whenever possible, we measured 
patient outcomes 1 year after surgery (T5). At T1, we 
audio-recorded encounters when patients consented.

Figure 1. Paper-based conversation aids used in the trial.
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The primary outcome was the revised 19-item 
Decision Quality Instrument for breast cancer,55 which 
was adapted for patients of lower SES.56 The Decision 
Quality Instrument has 3 subscales that measure the ex-
tent to which patients are informed about treatment op-
tions (knowledge score), receive surgery aligned with their 
preferences (concordance score), and are involved in deci-
sion making (decision process score).

Secondary outcomes included treatment choice, 
treatment intention, collaboRATE (a validated brief 
measure of SDM),57,58 Patient-Reported Outcomes 
Measurement Information System 8A (a validated short-
form anxiety measure),59 the 5-level EuroQol 5D (a 
validated quality of life measure),60 the Decision Regret 
Scale (validated decision regret scale),61 and integRATE 
(a patient-reported measure of coordination of care).62 
We used Observer OPTION-5 to assess the extent to 
which SDM occurred during encounters by analyzing the 
T1 audio recordings.63 In addition, we collected socio-
demographic information about the participants, includ-
ing health literacy.46 We used the Single-Item Literacy 
Screener (a validated health literacy assessment).64

Data Management, Statistical 
Analysis, and Power
We used REDCap for data management, Stata for data clean-
ing, and R for data analyses.46 Our data and safety monitor-
ing board met every 6 months. We used intention-to-treat 
analysis for primary analyses. Although we followed patients 
over time, primary analyses and study power were deter-
mined by our primary cross-sectional analysis plan.46 The 
statistical analyst was blinded to site and arm assignment.

Analyses Corresponding to the Primary Aim
Our primary aim was to compare the effectiveness of 2 
conversation aids (pictorial and text-only) and usual care 
for decision quality and other secondary outcomes. The 
analysis plan was guided by the following hypotheses:

• Hypothesis 1.1. Both conversation aids would increase 
SDM in clinic visits and improve decision quality (pri-
mary outcome), knowledge, and quality of life among 
patients of higher and lower SES in comparison with 
usual care. They would also reduce decision regret and 
improve patients’ perceived coordination of care.

• Hypothesis 1.2. The Picture Option Grid would be 
more effective than the Option Grid at improving pri-
mary and secondary outcomes in patients of lower SES. 
There would be no difference between the effects of the 
2 conversation aids in patients of higher SES.

Using linear and logistic regression models for out-
comes represented as continuous and binary, respectively, 
we first performed separate analyses for each time period 
(the time periods over which outcome analyses were pos-
sible were T0, T1, T2, T3, T4, and T5, with treatment 
intent indicated at T2 such that T2 to T5 constituted the 
follow-up time period). The primary outcome (decision 
quality) was measured only at T2 and T3. We also ana-
lyzed outcomes measured multiple times after T0 (deci-
sion quality, anxiety, quality of life, and coordination of 
care) by using a longitudinal model (Supporting Table 2) 
because this allowed for the possibility of obtaining more 
precise estimates; these outcomes could change the further 
removed a patient was from surgery. We assessed surgeons’ 
learning effects by including their number of conversation 
aid uses. We accounted for clustering (patients within sur-
geons and surgeons within clinics) by using mixed-effect 
regression models (surgeons and clinics were treated as 
random effects). For multiple observations across time, we 
accounted for repeated within-patient measurements. We 
were concerned about a confounding bias due to chance 
occurrences because the number of randomization units 
was relatively small (16 surgeons). We conducted propen-
sity score analyses of patient treatment group membership 
to identify a set of potential confounders to include as ad-
juster variables. The variables with the strongest associa-
tions with the intervention groups were those that were 
least balanced between the study arms. Those variables 
were thus prioritized for inclusion in the statistical models 
for the outcomes. We also included the start date and the 
baseline counterpart of the outcome variable (if measured 
at the baseline) as additional covariates to further lessen the 
reliance of cluster randomization in order to interpret the 
findings causally. Controlling for cancer center reduced the 
amount of clustering evident at the clinic level. For more 
details about scoring methods, data collection points, and 
the SES composite score, see Supporting Table 2.

Analyses Corresponding to the Secondary Aim
Our secondary aim was to measure the effect of the picto-
rial conversation aid on SES-based disparities in decision 
making (decision quality, knowledge, and SDM). The 
analysis plan was guided by the following hypothesis:

• Hypothesis 2.1. Compared with the Option Grid and 
usual-care arms, the Picture Option Grid would re-
duce disparities in decision quality, knowledge, quality 
of life, and participation in SDM between patients of 
lower and higher SES. It is also likely to reduce dispar-
ities in treatment choice.
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We performed treatment-effect modification analyses 
with respect to patients’ insurance, education, SES, health 
literacy, and language (measured at T0; see Supporting 
Table 2). For each, we created binary variables to directly 
compare the intervention’s effect across higher and lower 
levels of the modifying predictor and included data from 
all follow-up times (T2-T5) at which the given outcome 
was measured. We used a linear regression model to test 
for differences between each of the Picture Option Grid, 
usual care, and Option Grid groups in the continuously 
valued outcomes (eg, scale variables such as decision 
quality) and analogous logistic regression models for 
binary-valued outcomes across subpopulations (see the 
protocol for details) while accounting for the repeated 
measurements on patients over time as well as clustering 
due to clinic and physician. Other predictors analogous 
to those used in the primary analysis were included as co-
variates in the models. A logistic mixed-effect regression 
analysis was used to compare the effect of the intervention 
group on the likelihood that treatment intent and treat-
ment received were the same.

For both aims, we evaluated the model’s adequacy by 
using residual analysis and other model fit diagnostics.65 
We recorded reasons for dropout and missing data and 
examined whether any observed variables were associated 
with a propensity to drop out. We then used multiple 
imputation to account for missing baseline and outcome 
data.66 We conducted heterogeneity of treatment effects 
analyses in clinically relevant subgroups.

Patient and Public Involvement
We engaged patients and stakeholders as equal members 
of the research team from study planning to dissemina-
tion (see Supporting Table 5). Patients and stakeholders 
participated in the monthly meetings, quarterly commu-
nity advisory board meetings, and quarterly trial steering 
group meetings. In addition, a unique patient associate 
role was created: a breast cancer survivor at each study site 
assisted with the recruitment, consent, and data collec-
tion and analysis processes. We heard consistently from 
the research teams at all sites that working with the pa-
tient associates was a unique and rewarding aspect of the 
trial.

Changes to Methods After Trial Commencement
After experiencing reduced recruitment because fewer 
than expected patients met the eligibility criterion (eli-
gible for breast-conserving surgery and mastectomy ac-
cording to medical records and participating surgeons’ 
judgment), we revised our target sample size to 600. The 

revised sample was based on the average accrual rate and 
power considerations for primary analyses. Furthermore, 
we revised our inclusion criteria to include all women 
18 years old or older, regardless of recurrence status (at 
the surgeon’s discretion). For other minor changes, see 
Supporting Table 6.

RESULTS
We invited 17 surgeons to take part in the trial: 16 (94.1%) 
were enrolled and randomly assigned to trial arms (see 
Supporting Table 7 for surgeon characteristics). Between 
September 2017 and February 2019, we screened 2057 
patients (target, 2200 patients); 1031 patients remained 
eligible (see Fig. 2). We approached 812 eligible patients, 
and 622 (76.6%) consented. Table 1 displays consented 
patients’ baseline characteristics: 32.6% were of lower 
SES. Propensity score analyses revealed statistically sig-
nificant baseline differences between groups based on site, 
race and ethnicity, SES, health literacy, and education. At 
the baseline, the number of patients with missing data for 
the Decision Quality Instrument knowledge subscale was 
30 (5.7%). At T2, the number of patients with missing 
data ranged from 11 (2.2%) for concordance to 25 (5.1%) 
for decision process. At T3, the number of patients with 
missing data ranged from 89 (19.9%) for knowledge to 98 
(21.9%) for decision process. Multiple imputation analy-
ses suggested minimally different estimates when data 
were imputed for most outcomes in comparison with no 
imputation. We can thus be assured that current findings 
are very unlikely to be overturned by accounting for miss-
ing data via multiple imputation.

Of the 622 consenting patients, 615 completed 
baseline assessments. According to the arm to which their 
surgeon was allocated, 64 patients received the Option 
Grid, 241 received the Picture Option Grid, and 256 re-
ceived usual care (see Fig. 2). The imbalanced allocation 
to arms was due to differences in the number of patients 
seen by each surgeon or changes in their role or atten-
dance. We collected 311 usable recordings from the 440 
patients who consented to recording (70.7%). No adverse 
events related to trial participation were reported. Usual 
care varied between sites (Supporting Table 3). There was 
important between-surgeon variation that inflated the 
standard errors of estimated treatment effects (see Fig. 3).

Primary Outcome
Decision Quality Instrument knowledge subscale

Compared with patients in the usual-care arm, patients in 
the Picture Option Grid arm reported greater knowledge 
across T2 and T3 (estimate, 0.27; 95% CI, 0.01-0.53;  
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Figure 2. Study flow diagram. ^Unavailable (attempted) indicates that we reached out to patients a maximum of 5 times via phone 
or email (according to patient preference). *Study ended before due indicates that we collected follow-up data through June 1, 2019; 
not all patients received surgery within a timeframe that allowed for follow-up before this date. #Logistical issues prevented contact 
included research team turnover, issues with follow-up reminders, and holidays. +Mistakenly included indicates that the participant 
was deemed ineligible after consent. This was most often the case because the cancer stage changed or the patient did not have a 
choice between breast-conserving surgery and mastectomy.
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P = .04; see Fig. 4). There were no statistically significant 
differences in knowledge between the Option Grid and 
usual-care arms or between the Picture Option Grid and 
Option Grid arms (Table 2). See Supporting Table 8 for 
unadjusted scores.

Subgroup analyses for the Decision Quality 
Instrument knowledge subscale

Consistent with hypothesis 2.1, the difference in knowledge 
between patients of lower SES and those of higher SES was 
smaller for patients in the Picture Option Grid arm than pa-
tients in the usual-care arm (estimate, 0.36; 95% CI, 0.09-
0.63; P = .01). This implies that the Picture Option Grid 

reduced disparities in knowledge between patients of lower 
and higher SES in comparison with usual care.

Decision Quality Instrument concordance subscale

There was no effect of the interventions on the Decision 
Quality Instrument concordance subscale in comparison 
with usual care, and there were no statistically significant 
differences between intervention arms (Fig. 5).

Subgroup analyses for the Decision Quality 
Instrument concordance subscale

In contrast to hypothesis 2.1, no difference was noted 
for concordance for any element of SES, and this implies 

TABLE 1. Demographic Characteristics of the Consenting Participants

Characteristic Option Grid (n = 69) Picture Option Grid (n = 276) Usual Care (n = 271) Total (n = 616)

Age, mean (SD), y 60.1 (11.5) 58.9 (13.0) 60.4 (12.2) 59.7 (12.5)
Race and ethnicity, No. (%)a

Black 19 (27.5) 37 (13.4) 40 (14.8) 96 (15.6)
Hispanic 5 (7.3) 41 (14.9) 32 (11.8) 78 (12.7)
Asian 2 (2.9) 13 (4.7) 4 (1.5) 19 (3.1)
White 41 (59.4) 177 (64.1) 176 (64.9) 394 (64.0)
Other 1 (1.5) 4 (1.5) 8 (3.0) 13 (2.1)
Missing 1 (1.5) 4 (1.5) 11 (4.1) 16 (2.6)

Education, No. (%)a

Never attended high school 1 (1.5) 10 (3.6) 4 (1.5) 15 (2.4)
Some high school, no diploma 

received
6 (8.7) 21 (7.6) 21 (7.6) 48 (7.8)

High school diploma or equivalent 22 (31.9) 48 (17.4) 55 (20.3) 125 (20.3)
Some college, no degree received 9 (13.0) 46 (16.7) 57 (21.0) 112 (18.2)
2-y degree 7 (10.1) 37 (13.4) 23 (8.5) 67 (10.9)
4-y degree or higher 24 (34.8) 114 (41.3) 104 (38.4) 242 (39.3)
Missing 0 (0.0) 0 (0.0) 7 (2.6) 7 (1.1)

Language, No. (%)a

English 64 (92.8) 235 (85.1) 236 (87.1) 535 (86.9)
Spanish 5 (7.3) 34 (12.3) 22 (8.1) 61 (9.9)
Mandarin 0 (0.0) 5 (1.8) 0 (0.0) 5 (0.8)
Other 0 (0.0) 2 (0.7) 6 (2.2) 8 (1.3)
Missing 0 (0.0) 0 (0.0) 7 (2.6) 7 (1.1)

Insurance, No. (%)b

Public or uninsured 24 (34.8) 91 (33.0) 79 (29.2) 194 (31.5)
Private 45 (65.2) 184 (66.7) 192 (70.9) 421 (68.3)
Missing/other 0 (0.0) 1 (0.4) 0 (0.0) 1 (0.2)

Income, No. (%)a,c

Above 138% FPL 27 (39.1) 147 (53.3) 154 (56.8) 328 (53.3)
Below 138% FPL 26 (37.7) 62 (22.5) 60 (21.1) 148 (24.0)
Missing 16 (23.2) 67 (24.3) 57 (21.0) 140 (22.7)

Health literacy, No. (%)d

Low 40 (58.0) 112 (40.6) 124 (45.8) 276 (44.8)
Not low 29 (42.0) 162 (58.7) 142 (52.4) 333 (54.1)
Missing 0 (0.0) 2 (0.7) 5 (1.9) 7 (1.1)

SES, No. (%)e

Lower SES 30 (43.5) 90 (32.6) 83 (30.6) 203 (33.0)
Higher SES 39 (56.5) 186 (67.4) 188 (69.4) 413 (67.1)

Abbreviations: FPL, federal poverty level; SES, socioeconomic status.
aP < .05 when a comparison was made across the 3 arms (chi-square tests were used for dichotomous and categorical outcomes; t tests were used for continu-
ous outcomes).
bPublic indicates Medicaid or Medicare without supplemental insurance; private indicates private/employer insurance (including Tricare) or Medicare with sup-
plemental insurance.
cIncome was dichotomized as above or below 138% FPL in the year of recruitment and was based on household size.
dMeasured with Chew’s Single-Item Literacy Screener and dichotomized with the top score (highest option vs all others).
eSES was calculated with the annual household income, insurance status, and education. If 1 item was missing, the remaining 2 were used, with higher SES con-
servatively assumed.
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that the Picture Option Grid did not reduce disparities in 
concordance between patients of lower and higher SES in 
comparison with usual care.

Decision Quality Instrument decision 
process subscale

Compared with patients in the usual-care arm, patients 
in the Option Grid arm reported higher decision process 
scores across T2 and T3 (estimate, 1.18; 95% CI, 0.23-
2.13; P = .01). In comparison with usual care, patients 
in the Picture Option Grid arm reported higher decision 
process scores (estimate, 0.82; 95% CI, 0.01-1.62; P = 
.05). There were no statistically significant differences be-
tween interventions.

Subgroup analyses for the Decision Quality 
Instrument decision process subscale

In contrast to hypothesis 2.1, no difference was noted for 
decision process for any element of SES, and this implies 
that the Picture Option Grid did not reduce disparities 
in decision process between patients of lower and higher 
SES in comparison with usual care.

Secondary Outcomes
Compared with patients in the usual-care arm, patients 
in the Picture Option Grid arm reported higher SDM as 
measured by collaboRATE at T2 (estimate, 0.17; 95% CI, 
0.03-0.32; P = .01; see Table 2). There was no effect of the 
Option Grid on SDM as measured by collaboRATE, and 
there were no statistically significant differences between 

the interventions. Both the Option Grid and the Picture 
Option Grid led to more observed SDM as measured by 
Observer OPTION-5 at T1 (Option Grid estimate, 28.93; 
95% CI, 7.98-49.87; P = .01; Picture Option Grid esti-
mate, 24.71; 95% CI, 5.93-43.49; P = .01). In comparison 
with usual care, patients in the Option Grid arm reported 
more coordinated care at T4 (estimate, 0.66; 95% CI, 0.04-
1.28; P = .04). There were no statistically significant dif-
ferences in coordinated care between intervention arms or 
between the Picture Option Grid and usual-care arms. In 
comparison with usual care, patients in the Picture Option 
Grid arm reported lower decision regret at T3 (estimate, 
–23.16; 95% CI, –45.28 to –1.04; P = .04). There was no 
effect on decision regret at T4 or T5, and there were no dif-
ferences between interventions. There was no effect of the 
interventions on anxiety or treatment choice.

Subgroup analyses for secondary outcomes

The difference in decision regret between patients of 
lower education and those of higher education was greater 
for patients in the Option Grid arm than patients in the 
usual-care arm (estimate, 50.56; 95% CI, 17.03-84.08;  
P = .003). The difference in quality of life between pa-
tients of higher health literacy and patients of lower health 
literacy was smaller in the Picture Option Grid arm than 
the usual-care arm (estimate, 0.05; 95% CI, 0.01-0.09;  
P = .03). This implies that the Picture Option Grid  
reduced disparities in quality of life between patients of 
lower and higher SES in comparison with usual care.

Figure 3. Surgeon variation observed on the decision process subscale. DQI indicates Decision Quality Instrument.
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However, in contrast to hypothesis 2.1, no such dif-
ference was noted for SDM or treatment choice for any 
element of SES, and this implies that the Picture Option 

Grid did not reduce disparities in SDM or treatment 
choice between patients of higher and lower SES in com-
parison with usual care.

Figure 4. Bar graphs of adjusted scores for primary and secondary outcome measures by arm and across time points. An asterisk 
denotes statistical significance at P < .05.
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DISCUSSION
The Picture Option Grid resulted in greater knowledge 
(T2 and T3) and an improved decision process (T2 and 
T3; primary outcome), lower decision regret (T3), and 
higher self-reported (T2) and observed SDM (T1) in 
comparison with usual care. The Option Grid resulted 
in an improved decision process (T2 and T3; primary 
outcome) and more coordinated care (T4) and observed 
SDM (T1) in comparison with usual care. Neither inter-
vention affected preference concordance (third subscale 
of the Decision Quality Instrument). There were no sta-
tistically significant differences between the interventions 
for all outcomes measured. In agreement with our sec-
ondary hypothesis, compared with usual care, the Picture 
Option Grid had more impact on knowledge and quality 
of life among disadvantaged patients. There was insuffi-
cient evidence to suggest that the interventions affected 
treatment choice or anxiety.

When used by clinicians, paper-based conversation 
aids that pay attention to health literacy appear effec-
tive across socioeconomic strata.37 They offer a prac-
tical, accessible, and inexpensive solution to promote 
patient participation in decision making during clinical 
encounters without relying on high levels of health, tex-
tual, or computer literacy.19 The Picture Option Grid 
improved more outcomes than the Option Grid and had 
a positive impact on disadvantaged patients, likely by 

leveraging pictorial superiority.38,41,42,67,68 The pictorial 
intervention’s greater impact for disadvantaged patients 
is consistent with a recent meta-analysis.69 This review 
showed that pictorial health information improved un-
derstanding and recall in comparison with text alone 
across populations but largely increased understanding 
for lower health literacy populations. This confirms a 
differential impact of pictorial health interventions for 
disadvantaged groups. On the basis of our findings, the 
Picture Option Grid could reduce disparities in knowl-
edge and quality of life among disadvantaged groups in 
agreement with past work.18

In a recent systematic review and meta-analysis 
of conversation aids evaluated in 23 randomized con-
trolled trials and 30 nonrandomized studies, the in-
terventions increased knowledge and observed SDM 
in agreement with our findings.36 The meta-analysis 
also showed improved satisfaction with the decision- 
making process and reduced decisional conflict with-
out increasing visit duration (not measured in the cur-
rent trial). Systematic reviews of patient decision aids 
for early-stage breast cancer have suggested that these 
tools support treatment decisions, increase the uptake of 
breast-conserving surgery, reduce decisional conflict, in-
crease knowledge and satisfaction with the decision-mak-
ing process, and, in some instances, improve quality of 
life.20,21,70 The conversation aids evaluated in our trial, 

TABLE 2. Adjusted Coefficients Across Time Points for Primary and Secondary Outcome Measures Across 
Follow-Up: Results From Multilevel Regression Models

Outcome

Option Grid (vs Usual Care) Picture Option Grid (vs Usual Care)

Adjusted 
Coefficient  
(95% CI)a Main Effect P

Subgroup 
Effects

Coefficient  
(95% CI)

Main 
Effect P

Subgroup 
Effects

Decision quality
Value concordance (T2, T3) 0.04 (–0.77 to 0.83) .15 –0.36 (–0.86 to 0.12) .24
Knowledge (T0, T2, T3) 0.23 (–0.12 to 0.58) .20 0.27 (0.01 to 0.53) .04 Higher for lower 

SESb

Decision process (T2, T3)c 1.18 (0.23 to 2.13) .01 0.82 (0.01 to 1.62) .05
Shared decision making

Patient-reported (T2) 0.15 (–0.04 to 0.34) .12 0.17 (0.03 to 0.32) .01
Observed (T1) 28.9 (8.0 to 49.9) .01 24.7 (5.9 to 43.5) .01

Decision regret (T3, T4, T5)c –6.5 (–34.5 to 21.5) .65 Higher with lower 
educationb

–19.2 (–39.5 to 1.2) .07

Quality of life (T0, T4) 0.003 (–0.04 to 0.05) .89 0.017 (–0.01 to 0.05) .25 Higher for lower 
health literacyb

Anxiety (T0, T2, T3, T4) –0.53 (–1.77 to 0.72) .41 0.14 (–0.62 to 0.91) .72
Integration of health care delivery 

(T0, T4)
0.66 (0.04 to 1.28) .04 0.32 (–0.07 to 0.71) .11

Abbreviations: SES, socioeconomic status; T0, presurgical visit (baseline); T1, during the surgical visit; T2, immediately after the surgical visit; T3, approximately 1 
week after surgery; T4, approximately 12 weeks after surgery; T5, 1 year after surgery.
aAdjusted for site, insurance, socioeconomic status, race, health literacy, and start date.
bThe subgroup effect was significant, even in the absence of significance in the adjusted coefficient.
cDecision process scores were significant for the Picture Option Grid arm only at T2, and decision regret scores were significant for the Picture Option Grid arm 
only at T3.
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though, had no impact on treatment decisions or the up-
take of breast-conserving surgery. The lack of impact on 
treatment decisions is, however, consistent with Scalia et 
al’s review of conversation aids.36 It is possible that conver-
sation aids such as the Option Grid and Picture Option 
Grid, primarily used during the consultation, have less 
impact on the treatment decision than pre-encounter de-
cision aids while improving other key decision outcomes. 
Knowledge and decision process (equivalent to a measure 

of satisfaction with the decision-making process) were im-
proved in the Picture Option Grid arm, with an effect on 
quality of life shown only in the subgroup analysis.

Another important finding of our study was the 
large between-surgeon variation observed across out-
comes, which significantly inflated the standard errors 
of our estimated treatment effects. The duration of sur-
geon training was roughly 1 hour. Conversation aids 
are not standalone and rely on the clinician’s willingness 

Figure 5. Box plots of responses to the Decision Quality Instrument concordance subscale at T2 and T3 by item number and study 
arm. T2 indicates immediately after the visit; T3, 1 week after surgery.
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and ability to use them. It, therefore, seems necessary to 
take baseline skill levels into account in studies of this 
nature.26 A meta-analysis of trials revealed that clinicians’ 
fidelity to suggested use of conversation aids was partial 
and inconsistent.26 Additional analyses of audio record-
ings will assess the fidelity of using the conversation aids 
and explore reasons for this variation.

Furthermore, the number of patients eligible for 
both surgical options was significantly lower than indi-
cated by initial feasibility assessments. Field notes and 
discussions with surgeons suggested that surgeons may 
have differed in opinions regarding patient eligibility for 
breast-conserving surgery and mastectomy: some were 
more open than others to offering both options to patients 
with similar cancer presentations. Surgeons’ possible pro-
cedural preferences may have reduced the pool of poten-
tially eligible patients. Clinicians’ attitudes toward SDM 
are a known barrier to the delivery and implementation 
of conversation aids.71 In one study, surgeon behavior was 
influenced by perceived low patient interest in SDM or 
by their own preferences for a specific option.72 Surgeons 
also reported withholding options that they deemed less 
suitable on the basis of intuitive risk assessments.72

A strength of this randomized controlled trial was the 
focus on comparing 2 formats of a conversation aid, with 
one specifically designed with and for women of lower 
SES. Detailed attention was paid to the use of the primary 
outcome measure, the Decision Quality Instrument, and 
to all other measures. The goal was to design as brief a 
survey as possible and to ensure that each measure was 
presented in plain language. Other strengths of the study 
included the continuous stakeholder involvement (clini-
cians, patients, and community advocates), including the 
involvement of a breast cancer survivor at each site in all 
aspects of enrollment and follow-up. We also recruited 
National Cancer Institute–designated cancer centers (in-
cluding 1 public hospital) in urban and rural settings of 
the United States to diversify the study population and 
maximize generalizability. Following a community-based 
participatory research approach throughout the trial facil-
itated the conduct of the study and significantly strength-
ened the applicability and dissemination of the results.

Several limitations need to be considered. 
Randomization at the surgeon level led to chance imbal-
ance between arms, with surgeons in the Option Grid 
arms having lower volumes of eligible patients and differ-
ent distributions of the patient characteristics. Attempts 
to modify these patterns were unsuccessful. Findings re-
lated to the Option Grid intervention and particularly the 
subgroup analysis showing an increase in decision regret 

should be interpreted with caution. We recruited approx-
imately 50% fewer patients than planned. Attrition of the 
number of eligible patients between T0 and T3 occurred 
as patients became ineligible after additional examinations 
revealed that their stage or surgical options had changed. 
Multiple efforts, including translations, standardized in-
terviews, in-person recruitment, and close collaboration 
with community advocates, were made to improve re-
cruitment into our lower SES group.46 This mirrors the 
documented underrepresentation of disadvantaged popu-
lations in clinical trials.73-75

In conclusion, paper-based conversation aids used in 
breast cancer surgical encounters improved outcomes for 
all patients. The Picture Option Grid may be most effec-
tive, especially for disadvantaged populations. It has the 
potential to reduce disparities in knowledge and quality of 
life while improving other outcomes across socioeconomic 
strata. Significant variation between surgeons highlighted 
the importance of robust SDM training and the evalua-
tion of optimal training and implementation strategies.
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