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Background: In stable coronary artery disease (CAD), shared decision-making (SDM) is 
encouraged when deciding whether to pursue percutaneous coronary intervention (PCI) 
given similar cardiovascular outcomes between PCI and medical therapy. However, it 
remains unclear whether improving patient-provider communication and patient knowledge, 
the main tenets of SDM, changes patient preferences or the treatment chosen. We explored 
the relationships between patient-provider communication, patient knowledge, patient pre-
ferences, and the treatment received.
Methods: We surveyed stable CAD patients referred for elective cardiac catheterization at 
seven hospitals from 6/2016 to 9/2018. Surveys assessed patient-provider communication, 
medical knowledge, and preferences for treatment and decision-making. We verified treat-
ments received by chart review. We used linear and logistic regression to examine relation-
ships between patient-provider communication and knowledge, knowledge and preference, 
and preference and treatment received.
Results: Eighty-seven patients completed the survey. More discussion of the benefits and risks 
of both medical therapy and PCI associated with higher patient knowledge scores (β=0.28, 
p<0.01). Patient knowledge level was not associated with preference for PCI (OR=0.78, 95% CI 
0.57–1.03, p=0.09). Black patients had more than four times the odds of preferring medical 
therapy to PCI (OR=4.49, 1.22–18.45, p=0.03). Patients preferring medical therapy were not 
significantly less likely to receive PCI (OR=0.67, 0.16–2.52, p=0.57).
Conclusions: While communicating the risks of PCI may improve patient knowledge, this 
knowledge may not affect patient treatment preferences. Rather, other factors such as race 
may be significantly more influential on a patient’s treatment preferences. Furthermore, 
patient preferences are still not well reflected in the treatment received. Improving shared 
decision-making in stable CAD therefore may require not only increasing patient education 
but also better understanding and including a patient’s background and pre-existing beliefs.
Keywords: stable coronary artery disease, stable angina, shared decision-making, 
percutaneous coronary intervention, stent, optimal medical therapy

Introduction
For the estimated 10 million Americans with coronary artery disease (CAD), 
clinical trial evidence has consistently shown that adding percutaneous coronary 
intervention (PCI) to optimal medical therapy (OMT) does not reduce long-term 
mortality or risk of cardiovascular events in most patients with stable coronary 
disease.1–5 Rather, the main benefit of PCI appears to be symptom relief, as PCI 
may ameliorate angina more quickly than OMT alone, but at the expense of 
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potential procedure-associated risks.3,6 Treatment for 
stable CAD is thus a classic “preference-sensitive” choice, 
where the treatment options are comparable in outcomes 
and as such, treatment decisions should be largely driven 
by the preferences of a well-informed patient.7,8

However, prior studies indicate that many patients have 
poor understanding of the relative risks and benefits of 
PCI, often erroneously believing that PCI reduces rates 
of myocardial infarction and death, while simultaneously 
underestimating the associated risks of the procedure.9–13 

Many patients are also not actively engaged in the treat-
ment decision-making process and receive PCI despite 
having few symptoms and minimal trials of medical 
therapy.14–17

Prior efforts to improve the decision-making process 
have mainly focused on addressing gaps in patient knowl-
edge through better patient education.18–22 Despite evi-
dence that such educational interventions may improve 
a patient’s understanding of the medical facts relevant to 
the treatment options, no studies to-date have examined 
whether an improvement in such knowledge changes 
patient preferences for treatment. It is unknown, for exam-
ple, whether understanding that PCI may not reduce long- 
term mortality changes a patient’s preference for PCI. 
There may be other values and beliefs that are not neces-
sarily based in medical knowledge that shape treatment 
decisions. This is one of the first studies to separate out 
and assess the individual components of the treatment 
decision-making process in stable CAD. Our objective 
was to understand the relationships between patient- 
provider communication about treatment options, patient 
knowledge, patient preferences, and the treatment 
received.

Methods
Survey Development
Survey questions were developed through a multi-step 
process (Supplemental Figure 1). We identified three pri-
mary domains of high decision-making quality via litera-
ture review and consultation with an expert panel 
consisting of cardiologists, cardiac surgeons, internists, 
decision scientists, nurses, and patients: patient-provider 
communication, knowledge, and preferences. We then 
developed a pool of 60 questions addressing critical 
aspects of each domain. The communication questions 
assessed the patient’s perspective on the relative degree 
of discussion by providers about the risks and benefit of 

OMT and PCI for stable CAD.23 Knowledge questions 
tested understanding of the risk and benefits of the treat-
ment options, including that PCI may relieve anginal 
symptoms sooner, but does not provide additional benefit 
with respect to cardiovascular events or long-term mortal-
ity. The patient preferences section contained questions 
about desired level of shared decision-making and treat-
ment preference.

The pool of 60 questions was reviewed and ranked for 
importance, validity, and feasibility by the expert panel 
using a modified Delphi method. Twenty-five questions 
with the highest ratings were then chosen for the survey 
and evaluated through 17 cognitive interviews with 
patients to confirm question comprehension, response pro-
cesses, and feasibility of completing the questionnaire. 
After each set of 3–5 interviews, questions were revised 
based on participant feedback and-retested with the next 
set of patients. Once the interviews reflected that the 
majority of participants were able to understand and com-
plete the questions in a reasonable time, the questions were 
finalized. The final survey contained 8 communication 
questions, 11 knowledge questions, and 6 preference ques-
tions (Supplemental Data 1). The questionnaire also 
assessed self-reported demographics, medical history, and 
degree of symptoms measured by the Seattle Angina 
Questionnaire (SAQ) score, which ranges from 0 to 100 
and can be interpreted as excellent (75–100), good (50–-
74), fair (25–49), or poor (0–24).24

Patient Recruitment and Survey 
Administration
We recruited patients who had been referred for considera-
tion of elective cardiac catheterization for stable CAD at 7 
hospitals: 2 academic medical centers (University of 
California San Francisco (UCSF), San Francisco, CA; 
Emory University, Atlanta, GA), 1 community hospital 
(St. Luke’s, Kansas City, MO), 3 safety net hospitals 
(Zuckerberg San Francisco General (ZSFG), San 
Francisco, CA; Truman Medical Center, Kansas City, 
MO; Grady Memorial, Atlanta, GA), and 1 veterans affairs 
hospital (San Francisco Veterans Affairs (SFVA), San 
Francisco, CA). Stable CAD was defined as angina with-
out change in frequency or pattern for six weeks prior to 
enrollment, angina controlled by rest or medication, or an 
abnormal stress test. Patients were excluded from the 
study if they were less than 18 years of age, had an 
indication for cardiac catheterization other than CAD, 
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were non-English speaking, or were unable to consent or 
complete study tasks.

Patients were surveyed directly after their consultation 
with a cardiologist for the above inclusion criteria by 
trained study coordinators. Prior to patient enrollment, 
patients were informed about the purpose of the study 
and written consent was obtained in accordance with the 
standards of the Declaration of Helsinki. Since this study 
sought to characterize the current standard of care, all 
provider-patient education was given per the cardiologist’s 
discretion during the patient visit and no additional patient 
education was provided as part of the study.

Survey Scoring
For the communication questions, patients reported 
whether physicians had discussed the risks and benefits 
of each therapy a lot, some, a little, or not at all, corre-
sponding to a numerical scale of 0 to 3. A score from the 
knowledge questions was calculated by assigning 1 point 
for a correct answer and 0 points for an incorrect one. The 
total possible score was 11 points. Patients indicated their 
preferences for shared decision-making on a scale from 1 
to 5, with 1 meaning that the patient did not want to be 
involved in decision-making and 5 meaning that the 
patient wanted to make decisions completely on their 
own. Patients also reported how important out-of-pockets 
costs were in their decision on a scale from 1 to 4, with 1 
meaning no effect and 4 meaning major effect. Preference 
for treatment was measured by asking patients whether 
they ultimately would prefer to take medications alone, 
undergo PCI, or were unsure.

Assessment of Treatment Outcomes
We conducted chart review to ascertain the results of the 
cardiac catheterization and whether patient received PCI 
within 6 months of the initial survey.

Statistical Analysis
We used multivariable linear regressions to study the rela-
tionship between level of patient-provider communication 
and patient knowledge. We used logistic regression to 
study the influence of patient knowledge on patient treat-
ment preference as well as treatment preference on treat-
ment received. We included age, gender, race, education 
level, prior history of PCI, prior history of myocardial 
infarction, degree of desired patient decision involvement, 
SAQ score, importance of out-of-pocket costs, and insur-
ance coverage as covariates in our models. To avoid model 

overfitting, the final multivariable models included only 
covariates with p<0.10 from age- and sex-adjusted models. 
All statistical analysis was completed using R software 
(version 3.4.1, Vienna, Austria).

This study was approved by the institutional review 
board at the University of California, San Francisco.

Results
Participants
A total of 87 participants completed the survey (Table 1). 
Patients were enrolled from all participating medical cen-
ter sites (UCSF/ZSFG/SFVA: 20 patients, Truman: 20 
patients, Emory/Grady: 39 patients, St. Luke’s: 8 patients). 
Patients were predominately older, male, and highly edu-
cated – almost 70% had at least some college education. 
The sample was 56.3% white, 32.3% black, and 11.5% of 

Table 1 Participant Characteristics

Characteristics N=87

Age, �x� SD 61.3 � 9.8

Female 34 (40.5%)

Race
Black 28 (32.3%)

White 49 (56.3%)
Neither Black or White 10 (11.5%)

Education level
8th grade or less 1 (1.1%)

Some high school 3(3.4%)

High school graduate or GED 23 (26.4%)
Some college or 2 year degree 27 (31.0%)

4-year college graduate 16 (18.4%)

Advanced degree 17 (19.5%)
Past MI 20 (33.0%)

Past PCI 31 (35.6%)

SAQ, �x� SD 62.3 � 24.3

Preference for decision-making process

Doctor decides on his/her own 4 (4.6%)
Doctor listens to my opinion and then decides 13 (14.9%)

Doctor and I are equal partners in deciding 62 (71.3%)

I listen to doctor’s opinion and then I decide 8 (9.2%)
I decide on my own 0 (0%)

Insurance coverage
Medicaid 6 (6.9%)

Medicare 37 (42.5%)

Private Insurance 30 (34.5%)
Other Insurance or No Insurance 14 (16.1%)

Abbreviations: SD, standard deviation; GED, general education diploma; MI, 
myocardial infarction; PCI, percutaneous coronary intervention; SAQ, Seattle 
Angina Questionnaire.
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another race. One-third of the sample had experienced 
a prior myocardial infarction and 35.6% had received 
a prior PCI. Patients had a mean SAQ score of 62.3 (SD 
= 24.3), indicating on average, good anginal control. The 
majority of patients expressed a preference for a shared 
decision-making process. Most patients had either 
Medicare or private insurance coverage.

Predictors of Knowledge
Overall knowledge scores were poor, with a mean score of 
5.2 (SD = 2.4) out of 11 points. We found that most 
patients recalled having engaged in some or a lot of dis-
cussion about the risks and benefits of both OMT and PCI, 
although there was more discussion about PCI than OMT 
(Figure 1). Patients who recalled having more discussion 
with their provider about the risks and benefits of OMT 
and PCI had significantly higher knowledge scores even 
after adjustment for age, race, and education level (β=0.28, 
p < 0.01) (Figure 2). This relationship remained true when 
considering only discussions of OMT risks, OMT benefits, 
PCI risks, or PCI benefits individually.

Predictors of Treatment Preference
When asked about their treatment preference, 19 (21.8%) 
individuals expressed a preference for receiving OMT 
alone. In the multivariable analysis, a higher knowledge 
score was not associated with a patient’s level of preference 

for OMT (OR = 0.85, 95% CI 0.65–1.10, p = 0.21) (Table 
2). We further examined the effect of individual knowledge 
questions. We found that there was no significant associa-
tion between treatment preference and whether or not 
a patient understood that i.) PCI could reduce angina sooner 
than OMT (OR = 0.45, 0.04–3.38, p = 0.47), ii.) PCI did not 
reduce future risk of MI (OR = 2.36, 0.45–12.55, p = 0.30), 
or iii.) PCI did not improve survival (OR = 2.16, 0.4–10.2, 
p = 0.33). Race was a significant predictor of treatment 
preference. Black patients were significantly more likely 
to prefer OMT instead of PCI when compared to non- 
black patients (OR = 4.38, 1.09–19.82, p = 0.04) (Table 2, 
Figure 3). A patient with insurance coverage that was not 
Medicaid, Medicare, or Private had a lower likelihood of 
preferring OMT (OR = 0.04, 0.00–0.37, p = 0.01), although 
there were few overall patients in this category.

Predictors of Treatment Received
We found that 26.3% of patients who preferred medical 
therapy received PCI within 6 months of the survey; 
47.1% of patients who preferred PCI received PCI. The 
average time between survey and PCI was 7.76 days (SD 
12.2). After multivariable adjustment, a patient’s prefer-
ence for PCI did not significantly predict the chance of 
receiving PCI (OR = 0.41, 95% CI 0.09–1.70, p = 0.24) 
(Table 3). The only statistically significant predictors for 
receiving PCI was whether a patient had a history of prior 

Figure 1 Amount of provider-patient discussion of the benefits and risks of OMT and PCI as recalled by patients.
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PCI (OR = 5.59, 1.76–20.23, p = 0.01) and whether 
a patient had insurance coverage that was not Medicaid, 
Medicare, or Private (OR = 0.02, 0.00–0.24, p = 0.01).

Discussion
Despite substantial clinical evidence that the addition of 
PCI to OMT does not decrease future cardiac events or 
mortality, we found that even in our sample of patients 
with relatively high levels of education, patient under-
standing of these facts remains poor.4,9–13 Prior efforts to 
improve decision quality in stable CAD have focused on 
closing this knowledge gap.18–22 This is one of the first 
studies to rigorously assess whether more knowledgeable 
patients in fact make different decisions around stable 
CAD treatment. We showed that while improving patient 
knowledge may be necessary, it may not be sufficient for 
changing a patient’s treatment preferences or the treatment 
received. Other factors such as a patient’s race may have 
more influence.

Consistent with prior research, we showed that more 
provider-patient discussion about stable CAD treatment 
risks and benefits was significantly associated with better 
patient knowledge. However, we found that knowledge of 

stable CAD treatment options, including understanding 
that PCI has additional risks without prolonging life or 
decreasing cardiac events, was not associated with patient 
treatment preference, even after accounting for demo-
graphics, insurance coverage, degree of symptoms, and 
cardiac disease history. There may be several reasons for 
this. For some patients, prior experiences and pre-existing 
health beliefs may be more important than actual medical 
knowledge during the decision-making process. Studies 
have highlighted biases based on personal anecdotes and 
analogies, patient distrust of the healthcare system, and 
religion, all of which may powerfully affect a patient’s 
beliefs about pursuing medical interventions.11,25–30 In our 
study, race strongly predicted patient preferences with 
black patients having more than four times the odds of 
preferring OMT to PCI when compared with non-black 
patients.

Provider biases may also play a role. For example, 
prior research has found that providers may have biased 
perspectives based on race about a patient’s likelihood of 
medical adherence and risky behaviors.31 Further studies 
have shown that providers may unknowingly believe that 
white patients are more likely to benefit from PCI than 
minority patients.25,32 One study of patients with positive 
nuclear stress tests studied both patient and physician 
beliefs and concluded that disparities in coronary catheter-
ization were more likely attributable to biases in physician 
assessment rather than patient attitudes.26 Overall, our 
study results suggest that efforts to improve patient educa-
tion that focus on medical knowledge alone without con-
sidering both provider- and patient-specific beliefs and 
experiences will be insufficient in influencing patient pre-
ferences for treatment.

The vast majority of patients indicated a desire for 
shared decision-making. However, we found that more 
than a quarter of patients who expressed a preference for 
OMT over PCI still received PCI. A patient’s preference 
was not significantly associated with treatment outcome 
even after adjusting for patient comorbidities. Given that 
the indication for PCI in stable CAD is ultimately deter-
mined by a patient’s assessment of his or her symptom 
severity, we believe that the decision to pursue PCI should 
be more significantly influenced by patient preference. 
This speaks to the ongoing possibility that provider pre-
ference plays a stronger role than it should. Indeed, this is 
consistent with one study that observed patient-provider 
conversations on stable CAD treatment and revealed that 
only 14% of conversations met basic tenets of a shared 

Figure 2 The association between amount of provider-patient benefit/risk discus-
sion and a patient’s knowledge scores. Bolded predictors reached a p-value < 0.05.
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decision-making process. This included exploring patient 
preferences and emphasizing that the patient is ultimately 
in control of the decision.14 While our study was unable to 
assess why treatment decisions may not match patient 
preferences, the possible reasons for a provider-driven 
decision-making process are many and may include fac-
tors such as a strong provider belief in benefit for one 

treatment option, bias towards intervention instead of non- 
action, or medicolegal concerns, among others.33,34 

Regardless of the specific reason, though, our results con-
firm an ongoing need for more inclusion of patient pre-
ferences when making treatment decisions in stable CAD.

Several limitations to this study merit consideration. As 
patient participation in this study was voluntary, we do not 
know if there was significant bias from patient self-selection. 
Nevertheless, the patient cohort was diverse and felt to be 
generally reflective of the patient population with stable 
CAD. The survey was based on self-reported measures, so 
there could be recall bias in terms of patients’ answers to the 
survey questions. However, we surveyed patients just after 
provider visits to minimize recall issues. Our sample size 
may have been underpowered to detect certain associations 
including the relationship between patient knowledge and 
treatment preference as well as treatment preference and 
treatment received. However, we did find significant relation-
ships consistent with prior research, such as the association 
between education and patient knowledge, which suggests 
that our sample was large enough to detect other prior defined 
associations. The quality of our data was also strong, and we 
conducted in-depth assessments of patient knowledge and 
preferences that could be difficult to accomplish in larger 
patient samples. Nevertheless, additional qualitative studies 
with more individuals would be helpful for confirming our 
findings.

Table 2 Predictors of Patient Preference for OMT Over PCI

Age- and Sex-Adjusted Models Multivariable-Adjusted Model†

OR (95% CI) p-value OR (95% CI) p-value

Age 0.98 (0.93–1.04) 0.57 1.02 (0.95–1.10) 0.64

Female 0.54 (0.18–1.61) 0.27 0.78 (0.20–3.14) 0.72

Knowledge Score 0.82 (0.64–1.03) 0.09 0.85 (0.65–1.10) 0.21

Black 3.38 (1.09–11.03) 0.04 4.38 (1.09–19.82) 0.04

Education Level 1.09 (0.69–1.74) 0.71

History of PCI 0.23 (0.03–0.94) 0.07 0.22 (0.03–1.07) 0.09

History of MI 0.45 (0.07–1.90) 0.33

Decision Involvement§ 0.91 (0.40–2.17) 0.83

Seattle Angina Score 1.00 (0.98–1.03) 0.84

Importance of Cost* 2.29 (0.75–7.45) 0.15

Insurance (Ref: Private Insurance)**

Medicaid 0.98 (0.10–7.72) 0.99 0.33 (0.02–4.71) 0.43

Medicare 0.20 (0.04–0.86) 0.04 0.15 (0.02–0.94) 0.06

Other 0.12 (0.01–0.77) 0.06 0.04 (0.00–0.37) 0.01

Notes: Bolded predictors reached a p-value < 0.05 in the multivariable-adjusted model. †To avoid model overfitting, the multivariable-adjusted model was created by 
including only age, sex, knowledge score, and predictors with p-value < 0.10 in age- and sex-adjusted models. §Decision involvement refers to amount of a patient’s desired 
decision-making involvement (ordinal 5 point scale. 1 = patient did not want to be involved in decision-making, 5 = patient wanted to make decision completely on their 
own). *Importance of cost refers to patient-reported importance of out-of-pocket costs in making decision (0=no or minor effect, 1 = moderate or major effect). 
**Insurance odds ratios are in reference to patients with private insurance. 
Abbreviations: OMT, optimal medical therapy; PCI, percutaneous coronary intervention; OR, odds ratios; CI, confidence interval; MI, myocardial infarction.

Figure 3 Preferences for stable CAD treatment by patient race.
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Conclusion
The treatment decision-making process for patients with 
stable CAD is complex, and patient medical knowledge is 
likely not the only factor influencing patient decisions. 
Discussing the benefits and risks of stable CAD treatment 
with patients may improve patient knowledge; however, 
greater knowledge may not predict a patient’s treatment 
preference or the treatment received. Improving the quality 
of shared decision-making for patients with stable CAD 
will thus require a broader approach including not only 
improvements in patient education but also a better under-
standing of the role of the patient’s background, pre- 
existing beliefs, and relationship with the physician.
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age, sex, preference for OMT, and predictors with p-value < 0.10 in age- and sex-adjusted models. ‡Prefer OMT over PCI refers to whether patient expressed an ultimate treatment 
preference for OMT instead of PCI. §Decision involvement refers to amount of a patient’s desired decision-making involvement (ordinal 5 point scale. 1 = patient did not want to be 
involved in decision-making, 5 = patient wanted to make decision completely on their own). *Importance of cost refers to patient-reported importance of out-of-pocket costs in 
making decision (0=no or minor effect, 1 = moderate or major effect). **Insurance odds ratios are in reference to patients with private insurance. 
Abbreviations: OMT, optimal medical therapy; PCI, percutaneous coronary intervention; OR, odds ratios; CI, confidence interval; MI, myocardial infarction.
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