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ORIGINAL RESEARCH

Preferences of Patients With Chronic Kidney 
Disease for Invasive Versus Conservative 
Treatment of Acute Coronary Syndrome: 
A Discrete Choice Experiment
Todd A. Wilson , PhD; Glen S. Hazlewood, MD, PhD; Tolulope T. Sajobi , PhD; Stephen B. Wilton , MD, MSc; 
Winnie E. Pearson; Carol Connolly, RN; Pantea A. Javaheri , MSc; Juli L. Finlay, PhD; Adeera Levin, MD; 
Michelle M. Graham , MD; Marcello Tonelli , MD, SM, MSc; Matthew T. James , MD, PhD

BACKGROUND: Patients with chronic kidney disease (CKD) can experience acute coronary syndromes (ACS) with high morbidity 
and mortality. Early invasive management of ACS is recommended for most high- risk patients; however, choosing between an 
early invasive versus conservative management approach may be influenced by the unique risk of kidney failure for patients 
with CKD.

METHODS AND RESULTS: This discrete choice experiment measured the preferences of patients with CKD for future cardiovas-
cular events versus acute kidney injury and kidney failure following invasive heart procedures for ACS. The discrete choice 
experiment, consisting of 8 choice tasks, was administered to adult patients attending 2 CKD clinics in Calgary, Alberta. The 
part- worth utilities of each attribute were determined using multinomial logit models, and preference heterogeneity was ex-
plored using latent class analysis. A total of 140 patients completed the discrete choice experiment. The mean age of patients 
was 64 years, 52% were male, and mean estimated glomerular filtration rate was 37 mL/min per 1.73 m2. Across the range of 
levels, risk of mortality was the most important attribute, followed by risk of end- stage kidney disease and risk of recurrent 
myocardial infarction. Latent class analysis identified 2 distinct preference groups. The largest group included 115 (83%) pa-
tients, who placed the greatest value on treatment benefits and expressed the strongest preference for reducing mortality. A 
second group of 25 (17%) patients was identified who were procedure averse and had a strong preference toward conserva-
tive management of ACS and avoiding acute kidney injury requiring dialysis.

CONCLUSIONS: The preferences of most patients with CKD for management of ACS were most influenced by lowering mortal-
ity. However, a distinct subgroup of patients was strongly averse to invasive management. This highlights the importance of 
clarifying patient preferences to ensure treatment decisions are aligned with patient values.
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Chronic kidney disease (CKD) is associated with a 
high prevalence of coronary artery disease and high 
risk of mortality and cardiovascular events follow-

ing an acute coronary syndrome (ACS).1,2 Guidelines for 
treatment of high- risk individuals with a non- ST elevation 

ACS recommend early invasive management, involving 
coronary angiography followed by percutaneous or sur-
gical revascularization if appropriate, including among 
patients with CKD.3 Nonetheless, observational studies 
suggest patients with CKD eligible for such interventions 
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receive them at only half the rate of those patients with-
out CKD.2,4,5 Choosing between an early invasive versus 
conservative management approach presents unique 
challenges for patients with CKD, where decisions must 
balance the risk of future cardiovascular events against 
the risk of iatrogenic kidney injury and kidney failure.2,5,6

Shared decision- making between patients and 
health care providers is an important component of 
patient- centered care and requires patients to have 
an opportunity to express their preferences and val-
ues and for these preferences to inform treatment 
decisions.7 Characterization of patients’ values and 
preferences is also important for implementing clinical 
practice guidelines,8 especially when recommenda-
tions are weak or conditional. The preferences of pa-
tients with CKD for invasive versus conservative ACS 
management is unclear.

A discrete choice experiment (DCE) is a method 
for measuring patient preferences based on utility the-
ory, which allows for quantification of the preference 

weights for the relative importance of individual attri-
butes of a treatment option.9– 11 DCEs can characterize 
how patients weigh competing risks and benefits of 
treatment options and help to understand the amount 
of variability in patient preferences. The objective of this 
DCE was to measure the preferences of patients with 
CKD for routine invasive versus conservative treatment 
of ACS. We also sought to identify whether important 
between- patient differences exist in their preferences 
for ACS treatment.5,12

METHODS
We designed this DCE according to the rec-
ommendations of the International Society for 
Pharmacoeconomics and Outcomes Research and 
those of Lancsar and Louviere for conducting DCEs.10,13 
Approval was obtained from the University of Calgary, 
Conjoint Health Research Ethics Board. Informed con-
sent was obtained from all participants. Data are avail-
able on request from the corresponding author.

Survey Design
During the design of the study, we identified attributes 
of management of ACS relevant to patients with CKD 
through semistructured interviews with 20 patients with 
CKD and 10 cardiologists. Interviews included ques-
tions that asked participants to describe the attributes 
they considered to be the most important.14,15 The top 
5 attributes most frequently identified by participants 
were use of an early invasive versus conservative man-
agement approach (early receipt of an angiogram), risk 
of death, risk of acute kidney injury (AKI) requiring di-
alysis, risk of end- stage kidney disease (ESKD), and 
risk of recurrent myocardial infarction (MI). For these 
attributes included in the DCE, we determined levels of 
risk for each attribute from reports of randomized con-
trolled trials of early invasive versus conservative man-
agement strategies for non- ST elevation ACS, as well 
as cohort studies that reported ranges in the incidence 
of these outcomes following ACS among patients with 
varying stages of CKD (Table S1).2,16,17

We engaged 2 patient partners with lived experi-
ence with CKD and heart disease (C.C. and W.E.P.) in 
the design and development of the patient survey for 
the DCE. Our patient partners contributed to the de-
velopment by providing advice on the study informa-
tion for patients and the survey design, participating in 
iterative refinement of the DCE during its development, 
and contributing to this article.

The design of this survey was further informed by 
piloting the DCE with 43 patients.14 During the initial in-
terviews, participants were encouraged to talk through 
the survey. Research coordinators recorded patient 
questions and comments related to the introductory 

CLINICAL PERSPECTIVE

What Is New?
• In this discrete choice experiment measuring 

the preferences of patients with chronic kidney 
disease for management of acute coronary syn-
drome, most patients with chronic kidney dis-
ease placed the greatest emphasis on lowering 
mortality, followed by avoiding end- stage kid-
ney disease and reducing recurrent myocardial 
infarction.

• However, the study also identified a subgroup of 
almost one fifth of patients with a stronger pref-
erence for conservative over invasive manage-
ment who placed more value on avoiding acute 
kidney injury requiring dialysis.

What Are the Clinical Implications?
• The findings of the study illustrate the impor-

tance of clarifying the preferences of patients 
with chronic kidney disease to ensure treatment 
decisions related to use of invasive versus con-
servative management are aligned with their 
values.

Nonstandard Abbreviations and Acronyms

AKI acute kidney injury
CAIC Consistent Akaike Information Criteria
DCE discrete choice experiment
ESKD end- stage kidney disease
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material and choice questions. Based on knowledge 
gained from patients participating in the pilot study, 
we modified introductory information about the clinical 
problem and treatment options, added graphics to aid 
communication of risk (shaded boxes out of 100) in 
addition to written information on the number of events 
out of 100 people, expanded the choice of media for 
patients by adding the option of a pencil and paper for-
mat for those who may prefer it over the computer for-
mat, and revised the description of AKI requiring acute 
dialysis to more clearly distinguish acute dialysis from 
permanent kidney replacement therapy.

After incorporating the revisions to the DCE, we 
generated new choice sets. The paper survey option 
consisted of 10 different versions of the 8 choice tasks 
randomly chosen from the 100 electronic versions. For 
the final DCE, a sample size of 190 survey responses 
was determined to provide sufficient power to ensure 
statistical efficiency for estimating main effects part- 
worth utilities (standard errors for estimating attribute/
level combinations were <0.05 for main effects).14,18,19 
The survey was developed using Lighthouse Studio, 
Sawtooth Software (Orem, UT). The introductory ma-
terial, final questions, and an example of one version of 
the DCE choice tasks are available in Data S1.

Patient Recruitment and Survey 
Administration
We recruited patients from 2 CKD clinics in Calgary, 
Alberta. Eligible patients were 18 years of age or older, 
with estimated glomerular filtration rate <45 mL/min 
per 1.73 m2, not receiving dialysis, and able to com-
municate in English. Eligibility criteria did not require 
that patients had a history of cardiac disease or a prior 
ACS. Nursing staff from clinics identified patients who 
were potentially eligible for the study and research co-
ordinators explained the details of the study, obtained 
informed consent, and assisted patients with comple-
tion of the survey. Patients had the option of complet-
ing the survey in clinic or from home with follow- up 
provided by research coordinators within 2 weeks of 
their clinic visit. Patient information collected as part 
of the survey included self- reported age, sex, race or 
ethnicity, kidney and cardiovascular disease history, 
whether they had received education about dialysis 
modality options, decision- making preferences, and 
goals of care. Most recent estimated glomerular filtra-
tion rate measurements were obtained directly from 
patient electronic medical records.

Statistical Analysis
We described participant characteristics using means 
and SDs for continuous variables and numbers and 
percentages for dichotomous variables. We assessed 
the internal validity of the DCE, based on naturally 

occurring tests, using the following measures: (1) 
within- set dominated pairs, where participants choose 
the alternative that is worse for all attributes; (2) across- 
set dominated pairs, where the alternative chosen in 2 
different choice sets is logically inconsistent; and (3) 
straight- lining, where participants choose the alter-
native in the same position (rightmost or leftmost) for 
each question.18 Additionally, we also evaluated attrib-
ute dominance, where the better level of a single at-
tribute is chosen in all scenarios. Although responses 
showing attribute dominance were not considered to 
be a test of internal validity, we compared their fre-
quency to characterize responses. The within- set 
dominated pairs test included only those choice tasks 
where the treatment approach attribute was equivalent 
(ie, both were invasive management or both were con-
servative management) as we did not, a priori, assume 
one treatment approach provided higher utility than 
the other. In addition, the within- set dominated pairs 
test was not incorporated into the design of the study; 
however, some versions of the survey included a domi-
nated choice task that arose naturally from the survey 
generated by the software. Four of the 10 versions of 
the survey had a dominated pairs test; therefore, not all 
patients received a survey where the dominated pairs 
test could be assessed.

To estimate the preference weights patients placed 
on each attribute and level, we fit a main- effects mul-
tinomial logit model and hierarchical Bayes model. 
Attributes were modeled as categorical variables 
and assessed for linearity across the range of attri-
bute levels specified. Linearity was assessed visually 
and by comparing the change in part- worth utility for 
each attribute between the lowest risk level and mod-
erate risk level, divided by the change in levels, and 
the moderate risk level and the highest risk level, di-
vided by the change in levels. Model fit was compared 
based on onsistent Akaike information criteria (CAIC) 
and Bayesian information criteria. We chose the CAIC 
for model selection because of its widespread use in 
determining the number of latent class segments to 
accept and its superiority to AIC for selecting parsimo-
nious models.19 As a sensitivity analysis we estimated 
preference weights, using the multinomial logit model, 
excluding those participants who showed evidence of 
straight- lining in case these were invalid responses.

Utilities and importances were scaled such that the 
difference of the mean utility between the highest and 
lowest levels for each attribute summed to 100. Larger 
positive values indicated greater utility, and larger neg-
ative values indicated lower utility. We also calculated 
the marginal rate of substitution for each attribute rela-
tive to mortality, which can be defined as the absolute 
percentage increase in the risk of each undesirable at-
tribute patients were willing to accept relative to a 1% 
decrease in the risk of mortality. The marginal rate of 
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substitution was estimated from the multinomial logit 
model by dividing the mean utility for a 1% increase in 
the risk of the undesirable attribute by the mean utility 
for a 1% decrease in the risk of mortality. SEs for the 
marginal rate of substitution were estimated using the 
delta method.20

We investigated preference heterogeneity using la-
tent class analysis for a 2- class model and a 3- class 
model and compared models using the CAIC and pat-
terns of part- worth utilities between the models. Latent 
class methodology iteratively estimates the utilities for 
each group and the probability respondents belong in 
each group, allowing patterns of similar preferences to 
be identified in the data. Using the model with the low-
est CAIC, we compared the characteristics of respon-
dents within the groups using univariate analysis, with 
chi- square tests for categorical variables and t tests for 
continuous variables.

Share Preference Calculator
To facilitate future research, we developed a share 
preference calculator using the Hierarchical Bayes 
model and the Choice Simulator in Lighthouse Studio, 
Sawtooth Software. The choice simulator takes the indi-
vidual part- worth utilities for each respondent in the DCE 
to model preference shares for treatment options. The 
share preference calculator takes, as inputs, estimated 
risk of the attributes presented in the DCE and treatment 
approach. This allows for an estimate of the preference 
for a treatment option for a future respondent based on 
predicted risk estimates of the attributes in the model.

RESULTS
Patient Recruitment
A total of 146 patients consented to participate in the 
DCE, and 140 (96%) completed the survey between 
January 2019 and March 2020. We were unable to reach 
our intended sample size of 190 patients because of 
introduction of restrictions related to the COVID- 19 pan-
demic. The paper option was chosen by 115 patients 
(82%), 112 (97%) completed the survey in clinic with 
the assistance of the research coordinator, and 3 (3%) 
completed the survey later from home. Three patients 
missed 1 question and 2 patients missed 2 questions. 
There were missing data for some patient variables; 92 
(66%) reported their goals of care designation, and 127 
(91%) patients reported the duration of their CKD diag-
nosis. Response rates for the remaining patient charac-
teristics ranged from 96% to 100% (Table 1).

Internal Validity
Analysis for naturally occurring within- set dominated 
pairs in the survey showed that out of 55 participants 

who received an option with a dominated pairs test, 10 
(18%) participants chose the dominated choice profile 
(the alternative that is worse for all attributes). Evidence 
of straight- lining occurred with 6 (4%) participants 
choosing the alternative in the same position for all 8 
tasks. The frequency of these internal validity meas-
ures were similar to those of other published DCEs18 
(Table S2). There was evidence of attribute dominance 
for 49 (35%) participants, with 17 (12%) of these choos-
ing the option with the same treatment type or with the 
lower level of risk of a single attribute in all 8 choice 
tasks (4 based on treatment approach, 1 based on 
heart attack risk, 9 based on risk of death, and 3 based 
on ESKD risk) and 32 choosing the treatment option 
with the same treatment type or with the lower level 
of risk of a single attribute in 7 out of 8 choice tasks (2 
based on treatment approach, 2 based on heart at-
tack risk, 17 based on risk of death, 6 based on risk of 
AKI requiring dialysis, and 5 based on ESKD risk).

Patient Preferences
The model coefficients for the categorical multino-

mial logit model are shown in Table S3 and for the con-
tinuous multinomial model in Table S4. The continuous 
model provided the lowest CAIC, indicating a better fit 
to the data. The part- worth utilities representing the rel-
ative importance of each attribute based on the cate-
gorical multinomial logit model are illustrated in Figure 1. 
Among all participants, the risk of death within 1 year 
was the most important attribute across the range 
of levels specified, followed by avoiding ESKD. The 

Table 1. Characteristics of Patients Completing the 
Discrete Choice Experiment Examining Preferences of 
Patients With Chronic Kidney Disease for Invasive Versus 
Conservative Treatment of Acute Coronary Syndrome

Characteristic Result (N=140)

Age, mean (SD), y 64 (16)

Male sex, n (%) 72 (52)

Estimated glomerular filtration rate, mean (SD),  
mL/min per 1.73 m2

37 (26)

Duration of chronic kidney disease,* mean (SD), y 9 (6)

Prior invasive procedure, n (%) 39 (28)

Prior heart attack, n (%) 19 (14)

Prior stroke, n (%) 10 (7)

History of acute kidney injury, n (%) 12 (9)

Prior dialysis treatment, n (%) 5 (4)

Received dialysis modality education, n (%) 32 (24)

Have made a dialysis treatment choice, n (%) 78 (56)

Goals of care designation,† n (%)

Includes resuscitation 61 (66)

No resuscitation 31 (34)

*Based on 127 respondents.
†Based on 92 respondents.
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treatment approach was the least important attribute. 
Based on the continuous model, for each 1% absolute 
increase in risk, mortality remained the most important 
attribute whereas ESKD and recurrent MI were of similar 
secondary importance. When the marginal rate of sub-
stitution was calculated relative to a 1% decrease in the 
annual risk of mortality (to quantify the risk of other out-
comes a patient would be willing to accept to gain a 1% 
decrease in risk of death), participants were willing to 
accept a 1.4% (95% CI, 1.0%– 1.9%) increased absolute 
risk of ESKD within 1 year, 1.4% (95% CI, 0.8%– 2.0%) 
increase in the risk of another heart attack within 1 year, 
and a 1.9% (95% CI, 1.2%– 2.5%) increase in the risk of 
AKI requiring dialysis (Table 2).

Latent Class Analysis
Latent class analysis with 2 subgroups of patients pro-
vided the best fit to the data based on the model fit 
statistics. One hundred fifteen (83%) patients had the 
highest probability (average probability of group mem-
bership: 97.7%) of belonging to a group that placed the 
most value on treatment benefit, assigning the high-
est importance on lower risk of death, with lower risk 
of ESKD being of secondary importance. However, 25 
(17%) patients had the highest probability of belonging 
to a second group (average probability of group mem-
bership: 87.1%) that were more procedure averse, with 
a strong preference for conservative management, fol-
lowed by high importance for minimizing the risk of AKI 
requiring dialysis (Figure 2 and Figure 3). Among the 
25 patients in the second group, 8 showed dominated 

preferences with 6 choosing the option with conserva-
tive treatment in at least 7 of 8 tasks and 2 choosing 
the option with the lower risk of AKI requiring dialysis 
in 7 of 8 tasks.

Univariate analysis identified no statistically signif-
icant differences in age, sex, history of AKI, or prior 
experience with treatment with dialysis between the 
2 groups (Table  3). However, more patients in the 
procedure- averse group had attended dialysis modality 

Figure 1. Part- worth utilities for each attribute and level from a discrete choice experiment examining preferences of 
patients with chronic kidney disease for invasive versus conservative treatment of acute coronary syndrome.
Part- worth utilities are calculated as means +/− 95% CIs and scaled from −10 to +10, with +10 indicating a strong preference for the 
attribute level and −10 indicating a strong aversion to the attribute level. AKI indicates acute kidney injury; ESKD, end- stage kidney 
disease; and MI, myocardial infarction.

Table 2. Trade- Offs in the Absolute Risk of Various 
Attributes That Patients Would be Willing to Accept 
Relative to a 1% Decrease in Risk of Death Within 1 Year 
from a Discrete Choice Experiment Examining Preferences 
of Patients With Chronic Kidney Disease for Invasive 
Versus Conservative Treatment of Acute Coronary 
Syndrome

Attribute

Marginal rate of substitution 
relative to a 1% decrease in 
the risk of death, % (95% CI)

Treatment approach (invasive 
versus conservative)

1.7 (0.0– 3.7)

Risk of another heart attack within 
1 year

1.4 (0.8– 2.0)

Risk of AKI requiring dialysis 1.9 (1.2– 2.5)

Risk of ESKD 1.4 (1.0– 1.9)

The marginal rate of substitution for the treatment approach indicates 
that, for patients to accept an invasive over conservative approach, it would 
have to correspond to a 1.7% or more decrease in the risk of death. For the 
attributes of risk of recurrent myocardial infarction, risk of AKI, and risk of 
ESKD, the marginal rate of substitution indicates the absolute percentage 
increase in the risk of the listed attribute that patients are willing to accept 
with a choice that achieves a 1% decrease in the risk of death within 1 year. 
AKI indicates acute kidney injury; and ESKD, end- stage kidney disease.
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sessions, and this group also had a lower average 
estimated glomerular filtration rate (29 mL/min per 
1.73 m2 versus 39 mL/min per 1.73 m2). Furthermore, 
among 92 patients that had completed a Goals of Care 
Designation, 71% had specified they would accept 
resuscitation in the treatment benefit group, whereas 
a minority (47%) in the procedure- averse group had 
specified they would accept resuscitation within their 
goals of care.

In sensitivity analyses that excluded the 6 patients 
who showed evidence of straight- lining (5 from the 
treatment benefit preference group and 1 from the 
procedure- averse preference group), the average im-
portances were similar to those from the main analysis, 
and 2 distinct preference groups were again identified, 
with the first group including 117 (87%) patients who 
placed the most value on treatment benefit and the 
second group including 17 (13%) patients who were 
procedure averse (Figure S1).

Shared Preference Calculator
The share preference calculator based on the continu-
ous hierarchical Bayes model (Table  S5) provides a 
comparison of preferences for treatment options with 
varying levels of risk of attributes. Three examples of 
treatment choice scenarios and estimated preferences 
for each option obtained using the share preference 
calculator are shown in Table S6. The examples illus-
trate how patient preferences may differ with varying 
attributes of the treatment choice.

DISCUSSION
This DCE quantified the preferences of patients with 
CKD for invasive versus conservative treatment of ACS. 
Overall, we found the preferences of most participants 
were driven by treatment benefit, with lower risk of 
death the most important attribute, followed by lower 

Figure 2. Relative importance of attributes for the overall cohort and the 2 latent class groups over the range of levels from a 
discrete choice experiment examining preferences of patients with chronic kidney disease for invasive versus conservative 
treatment of acute coronary syndrome.
AKI indicates acute kidney injury; ESKD, end- stage kidney disease; and MI, myocardial infarction.
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risk of progression to ESKD and lower risk of recurrent 
MI of equal secondary importance. However, there was 
preference heterogeneity among respondents, with a 
smaller group of patients identified who were proce-
dure averse and placed highest importance on avoiding 
invasive management and AKI requiring dialysis.

We are not aware of any other studies investigat-
ing the management preferences of patients with CKD 
and ACS; however, studies have been conducted on 
the broader population of patients experiencing ACS. 
Similar to our study, a recent study from China on 
preferences for treatment following acute MI found 

Figure 3. Part- worth utilities for each attribute and level in the 2- group latent class analysis from a discrete choice 
experiment examining preferences of patients with chronic kidney disease for invasive versus conservative treatment of 
acute coronary syndrome.
Part- worth utilities are calculated as means +/− 95% CIs and scaled from −10 to +10, with +10 indicating a strong preference for the 
attribute level and −10 indicating a strong aversion to the attribute level. AKI indicates acute kidney injury; ESKD, end- stage kidney 
disease; and MI, myocardial infarction.

Table 3. Characteristics of Patients in 2- Group Latent Class Analysis From a Discrete Choice Experiment Examining 
Preferences of Patients With Chronic Kidney Disease for Invasive Versus Conservative Treatment of Acute Coronary 
Syndrome

Treatment benefit group (N=115) Procedure- averse group (N=25) P value

Age, y, mean (SD) 64 (16) 63 (16) 0.66

Male sex, n (%) 62 (54) 10 (40) 0.19

Estimated glomerular filtration rate, mean (SD), mL/min 1.73 m2 39 (27) 29 (20) 0.09

Duration of chronic kidney disease, mean (median), y 9 (6) 9 (6) 0.97

Prior invasive procedure, n (%) 29 (25) 10 (40) 0.14

Prior heart attack, n (%) 14 (13) 5 (22) 0.25

Prior stroke, n (%) 7 (6) 3 (14) 0.23

History of acute kidney injury, n (%) 10 (10) 2 (9) 0.83

Prior dialysis treatment, n (%) 4 (4) 1 (4) 0.90

Received dialysis modality education, n (%) 23 (21) 9 (38) 0.08

Have made a dialysis treatment choice, n (%) 63 (55) 15 (60) 0.63

Goals of care designation,* n (%)

Includes resuscitation 53 (71) 8 (47)

No resuscitation 22 (29) 9 (53) 0.06

*Based on 92 respondents.
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mortality to be the most important attribute. Latent 
class analyses found 3 distinct groups with varying 
preferences based on treatment cost, treatment dura-
tion, and mortality risk.21 Muhlbacher et al. conducted 
a DCE to evaluate patient preferences for medication 
options following ACS.22 These authors also found re-
duction in mortality to be the most important attribute, 
followed by prevention of new MI.23 The findings from 
our DCE for patients with CKD are consistent with 
these studies, with mortality being the most important 
attribute overall; however, we also discovered 2 dis-
tinct groups of patients with varying preferences; one 
focused on treatment benefit, and a second group, 
made up of about one- fifth of respondents, being pro-
cedure averse. We investigated the possibility that the 
identification of this group may have resulted from par-
ticipants who failed the internal validity tests. However, 
only 1 of the 25 patients in the procedure- averse group 
failed the straight- lining test (chose the alternative in 
the same position for all 8 tasks), suggesting this group 
was identified from valid responses to the survey. In 
addition, in a sensitivity analysis that excluded all 6 pa-
tients who failed the straight- lining test, we found con-
sistent results to the main analysis. We did not identify 
any significant differences in patient characteristics to 
explain these differences in preferences. However, in 
the procedure- averse group, more patients had re-
ceived dialysis modality education and this group had 
a lower average estimated glomerular filtration rate, 
suggesting that stated preferences of participants for 
ACS management may align with knowledge about the 
impact of kidney failure on quality of life. This indicates 
that a sizable group of patients may value quality over 
length of life and that patient preferences may in part 
appropriately contribute to the lower use of invasive 
heart procedures following ACS among people with 
CKD that has been reported in previous studies.2,4,24 
We expect there are other factors contributing to pref-
erences, which vary between individuals and were not 
measured in our DCE. For example, some patients 
may be opposed to invasive treatment based on anec-
dotal examples of negative outcomes experienced by 
a family member or friend.

The strengths of our study include the rigorous pro-
cess to establish valid and important attributes through 
semistructured interviews with patients and physi-
cians15 and the incorporation of findings from published 
randomized control trials and observational studies of 
early versus select invasive strategies for non- ST eleva-
tion ACS to ensure the attribute levels were appropri-
ate and relevant.2,16 We used a range of risks for each 
of the attributes obtained from published literature to 
ensure the risk of outcomes were plausible for peo-
ple across the stages the CKD. Input from our patient 
research partners with lived experience ensured the 
DCE survey design was relevant and understandable 

from a patient perspective. In addition, we followed 
the International Society for Pharmacoeconomics and 
Outcomes Research guidelines for DCE design to en-
sure methodological rigor.13,25 As many of the respon-
dents were elderly, with lower technological literacy, 
the paper- based survey option and research coordi-
nator support allowed for more inclusive recruitment. 
We expect the use of dedicated research coordina-
tors to administer the survey supported respondents 
in carefully considering the choice questions, as well 
as ensuring a high proportion of completed surveys. 
In addition, the validity of responses obtained from 
participants was supported by the test of internal va-
lidity, which was consistent with other published DCE 
studies.18

There are limitations to this DCE. We could not 
include risks for all possible treatment outcomes, in-
cluding risk of stroke and bleeding as attributes in this 
DCE, which may be other relevant attributes for those 
facing an invasive versus conservative treatment de-
cision. Because of the COVID- 19 pandemic, we were 
unable to reach our intended sample size of 190 pa-
tients. Although the average importance of attributes 
met our a priori expectations, the precision of our esti-
mates were reduced as the SEs of model coefficients 
were higher with a smaller than intended sample size. 
Further, the generalizability of this DCE may be limited 
as recruitment occurred in 2 clinics in Calgary, Canada. 
Results likely reflect preferences in other high- income 
countries with universal access to health care such as 
invasive cardiac procedures and dialysis treatment. 
However, ideally such an experiment should be con-
ducted in other regions to determine if the findings are 
externally valid. Given that latent class analyses tend 
to require large sample sizes, the results presented 
here might be underpowered to detect additional la-
tent groups. Further research should seek to replicate 
these analyses in a larger sample. In addition, the intro-
ductory information to explain treatment options and 
attributes was quite complex, and 4 of the 5 attributes 
presented risks of the outcome. This may have been 
a potential limitation to patient understanding and the 
high proportion of risk attributes may have caused 
some to focus on only 1 or 2 attributes per choice task. 
However, our research coordinators worked one on 
one with most patients to complete the survey in clinic 
and were able to explain the introductory material and 
provide clarification on the choice tasks. DCEs are a 
stated preference method and patients may make dif-
ferent choices when they encounter these decisions in 
actual care. Use of other methodological approaches 
to understand preferences of patients with CKD at the 
time of ACS treatment decisions are warranted.

Our findings have implications for clinical care and 
future research on the management of ACS for pa-
tients with CKD. These findings can help raise clinician 
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awareness of the need to understand patient prefer-
ences because they can differ, reveal the preference 
profiles and their frequency among patients that cli-
nicians may encounter, and provide knowledge on 
variability in patient preferences that can strengthen 
clinician capacity to engage in shared decision- making 
discussions with their patients. Furthermore, the quan-
tification of relative weights for different treatment at-
tributes can be used to weight competing outcomes 
such as death versus ESKD in quantitative studies ac-
cording to patient preferences. Reduced kidney func-
tion is common in patients with ACS with about 1 in 
4 patients having CKD, with a poorer prognosis than 
patients without CKD. However, studies have shown 
that patients with CKD are less likely to receive coro-
nary angiography or revascularization following a coro-
nary event than patients without CKD and this disparity 
increases as kidney function declines.2 This may be 
because of fear of causing further kidney damage with 
invasive management despite the reduction in risks of 
adverse cardiovascular outcomes and death with their 
use.4,24 By quantifying patient preferences through this 
DCE, we have determined that most patients with CKD 
identify the benefit of invasive management for reduc-
ing mortality risk as the most important feature influ-
encing their treatment decision. However, the potential 
harms leading to EKSD remain an important con-
sideration as we found that preferences vary among 
patients, and the preferences of some patients may 
appropriately account for lower overall use of invasive 
procedures among patients with CKD. This highlights 
the need for care providers to communicate risk infor-
mation and elicit patient preferences when discussing 
treatment options as preferences cannot be assumed 
to be identical for all patients with CKD and are not 
simply based on patient demographic characteristics 
or comorbidities. Shared decision- making approaches 
that include communicating the benefits and harms of 
each option and understanding each patient’s treat-
ment goals are important actions to ensure treatment 
decisions align with patient preferences. Identifying 
that 1 in 5 patients with CKD may be procedure averse 
highlights the need for tools and processes that allow 
for incorporation of preferences in patient decision 
aids. In addition, these results support the need to in-
corporate knowledge about patient preferences into 
treatment guidelines, as recommended by the Grading 
of Recommendations Assessment, Development and 
Evaluation working group.26

CONCLUSIONS
In summary, this DCE has characterized the stated 
preferences of patients with CKD toward the benefits 
and harms of invasive versus conservative treatment 

options for ACS. Most patients with CKD were most 
concerned with lowering risk of mortality. Of second-
ary importance was lowering risk of ESKD and recur-
rent MI. Our findings provide new knowledge about 
important differences in preferences among patients, 
with a subgroup of patients being strongly averse to 
invasive management. This can facilitate improved 
shared decision- making between patients with CKD 
and their care providers in the setting of ACS. Such 
knowledge can inform the development of patient de-
cision aids and guidelines that address patient prefer-
ences within the decision- making process to improve 
patient experiences and quality of care.27
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Data S1. Example of a Discrete Choice Experiment Survey Examining Preferences of Patients with 
Chronic Kidney Disease for Invasive Versus Conservative Treatment of Acute Coronary Syndrome 



Introduction to the Survey

Thank you again for your interest! This survey is being administered to ~250 people with chronic kidney
disease (CKD). You have been invited to participate in this survey because you have been diagnosed
with chronic kidney disease and may have an increased risk of a heart attack. People with chronic kidney
disease often face more challenging decisions when weighing the benefits and risks of the different
treatment options for a heart attack.

For this survey we will ask you to imagine you have been taken to hospital and diagnosed with a heart
attack. It has questions where we ask you to choose between different treatment options for heart attack
and, questions about you and your health. The results of this survey will help us better understand what
is important to people with chronic kidney disease when choosing between these treatments.



Describing a Heart Attack

 

For the purposes of this study, heart attack refers to a situation where the blood supplied to the heart has
been reduced but not stopped.

If someone were to present to hospital with heart attack symptoms, the doctor would order blood tests and
an electrocardiogram to understand the conditions affecting the heart. In addition, medications would be
started immediately to reduce the work demands of the heart, lower blood pressure and prevent blood
clotting.

Following these initial steps, the patient and doctor would decide on the most appropriate treatment
approach. 

 



Heart Attack Treatment

Generally, there are two treatment approaches for a heart attack: 

1)   One alternative is to proceed directly to an angiogram procedure within one to three days. An
angiogram involves passing small tubes inside the body to the heart, and using X-ray pictures to locate
the areas of reduced blood flow. This may lead to further heart procedures and interventions such as the
use of balloons and stents to open up blocked blood vessels or, recommendations for open heart surgery
to bypass the blockage. This treatment approach is typically referred as early invasive management. 

2)   The other alternative is to initially treat only with medications and perform a non-invasive stress test
instead of an angiogram. If this test is very abnormal or if symptoms or signs of a heart attack persist, an
angiogram would then be scheduled. This treatment approach is typically referred to as conservative
management. 

The following pages describe the angiogram procedure in more detail. 

 



The Angiogram

An angiogram is a special X-ray of the coronary arteries of the heart. A dye is injected into the coronary
arteries which then show up on the X-ray. The purpose of the angiogram is to show the exact location and
severity of any arteries that have narrowed through the build-up of fatty patches called ‘plaques’.

A doctor will insert a small flexible tube (catheter) into a blood vessel in the groin or arm. The doctor will
gently push the catheter up the blood vessel towards the heart. When the catheter reaches the main
coronary artery, dye is injected and several rapid X-rays are taken. A moving picture is built up from these
X-rays and this is called an angiogram. The dye shows the vessels filling with blood and the narrowed
arteries can be seen on the angiogram.

The following illustration shows an overview of an angiogram. 

 

 



Early Invasive Management or Conservative Management?

The doctor will discuss the treatment options with the patient and only recommend an angiogram if they
feel the patient has potential to benefit from the procedure. 

Regardless of which treatment is chosen, the followings adverse outcomes may still occur: 

• temporary or permanent reductions in kidney function because of medications prescribed following a
heart attack
• another heart attack
• death

The major benefits related to the angiogram procedure may include: 

• decreased risk of another heart attack following hospital discharge
• improved life expectancy
• decreased risk of being readmitted to hospital

The major risks related to the angiogram procedure may include: 

• temporary or permanent reductions in kidney function because of dyes injected during the procedure
• a heart attack induced during the procedure
• slight chance of death during or immediately following the procedure
• procedure related bleeding

 



Introduction to "Choice Questions"

On the next few pages we will introduce you to the choice questions.

We ask you to imagine you have been diagnosed with a heart attack and are choosing between the
treatment alternatives shown.

Each choice question will consist of two treatments and each treatment will have a treatment approach
and four different characteristics describing potential complications. Please note, the treatment
alternatives are not necessarily comparing Invasive Management to Conservative Management.

Sometimes the treatment approach will both be Invasive Management (or Conservative Management) and
the risks associated with the potential complications will vary. You will be asked to pick the ONE
treatment you prefer (even if both treatment approaches are Invasive Management and you would not
consider an invasive procedure in a real-life situation).

There are no wrong answers... we are interested in YOUR preferences. 

First we will start with a "warm-up" example for you to get used to the style of questions... 

 



Warm-up example 

If these two treatment options were presented to you by your doctor, which would you choose
(hover your mouse over the green or black text for more information)?

Treatment
Approach

Risk of another
heart attack within

one year

Risk of death within
one year

Risk of kidney
damage requiring

dialysis only during
the hospital

admission for a
heart attack,

afterwards kidney
function recovers

Risk of kidney
damage resulting in

the need for
permanent dialysis

or kidney
transplant

Treatment A

An angiogram is performed
immediately upon admission

Moderate
(9 out of

100
people)

High
(15 out of

100
people)

Moderate
(3 out of

100
people)

High
(10 out of

100
people)

Select

Treatment B

Conservative management
results in heart stability and no

angiogram is required

Low
(6 out of

100
people)

Moderate
(9 out of

100
people)

Low
(1 out of

100
people)

Moderate
(5 out of

100
people)

Select



Great!

The picture below is another way of showing that "10 people out of 100" will experience an adverse event
following a heart attack. Each box represents one person treated for a heart attack. Coloured boxes
represent those who experienced an adverse event, clear boxes represent those who recovered:

 

 



 

We are now ready to begin.

Some of the choices may be difficult but we ask you to select just one (your MOST preferred), as this is
important for the research study.

In addition, in the scenarios that follow, sometimes the numbers (levels) may be the same for two or three
of the risks for each treatment alternative or some numbers may be the same for consecutive scenarios.
Further, sometimes the treatment approach will be the same for both alternatives. However, over the eight
scenarios presented, all numbers will change and we ask that you pay close attention to the level of each
risk. Our goal is to determine which treatment risks and the level of those risks most important to you.

Thank-you again for your participation!

 

















 



Please CHECK the response that best reflects your agreement with the following statement below: 

 
Strongly
disagree Disagree Neutral Agree

Strongly
agree

Completing the treatment alternative
questions ("choice questions") in this survey

helped me to understand my own treatment
preferences.

 



Final Set of Questions

What is your age? 

What is your sex?

Female

Male

Do Not Wish to Answer

Where were you born?

Canada

United States

Central or South America

Western Europe

Eastern Europe

South Asian

Asia

Africa

Australasia

Do not wish to answer

 



Are you?

Non-indigenous

Indigenous

Metis

 



Do you know your current eGFR level or your current percentage of kidney function 
(e.g., less than 15, 15-30, 30-45)? Leave blank if you do not know. 

What YEAR were you diagnosed with chronic kidney disease by your doctor?

Have you been told you have proteinuria (albumin) in your urine tests:

Yes

No

Unsure

 



Have you previously had a heart attack?

Yes

No

Unsure

Have you previously had a stroke?

Yes

No

Unsure

Have you previously had any of the following invasive heart procedures?

Angiogram

Angioplasty or Stent

Cardiac surgery (coronary artery bypass graft)

Other (please specify)

None of the Above

 



Which of the following is the cause of your chronic kidney disease or a condition that you also have?

Diabetes

High blood-pressure

Polycystic kidney disease

Glomerulonephritis

Other (please specify)

Have you ever had an episode of acute kidney injury?

Yes

No

Not sure

Have you ever required dialysis treatment?

Yes

No

Have you ever attended dialysis modality education sessions?

Yes

No

 



Have you decided which treatment you would choose if you progressed to kidney failure?

Dialysis

Kidney Transplant

Conservative Care (no dialysis)

Have Not Decided

If you have completed a Goals of Care Designation Order, please indicate which level of the GDC you
have chosen, otherwise select Have Not Completed a GDC:

R - Medical care and interventions, including resuscitation if required

M - Medical care and interventions, excluding resuscitation

C - Medical care and interventions, focused on comfort

Have not completed a GDC or don't know

Do not wish to answer

 



Please consider your PREFERRED ROLE in decision making for your chronic kidney disease
treatment. 

Which ONE statement below BEST reflects your preferred role?

I prefer to make the final selection about which treatment I receive

I prefer to make the final selection of my treatment after seriously considering my doctor's opinion

I prefer that my doctor and I share responsibility for deciding which treatment is best for me

I prefer that my doctor makes the final decision about which treatment will be used, but seriously considers my
opinion

I prefer to leave all decisions regarding my treatment to my doctor

Now, please consider your ACTUAL ROLE in decision making for your chronic kidney disease
treatment.

Which ONE statement below BEST reflects your actual role?

I make the final selection about which treatment I will receive

I make the final selection of my treatment after seriously considering my doctor’s opinion

My doctor and I share responsibility for deciding which treatment is best for me

My doctor makes the final decision about which treatment will be used, but seriously considers my opinion

I leave all decisions regarding my treatment to my doctor

I am not asked for my opinion

 



Would you be interested in speaking with us further about your experience?

Yes

No

Please provide any comments below. 

 



The questionnaire is now complete. 

Thank you for your time and help!

P o w e r e d  b y  S a w t o o t h  S o f t w a r e

https://www.sawtoothsoftware.com


 

 

Table S1. Identified Attributes and Levels from a Discrete Choice Experiment Examining Preferences of 
Patients with Chronic Kidney Disease for Invasive Versus Conservative Treatment of Acute Coronary 
Syndrome 

Attribute Levels 

Invasive versus conservative treatment 
approach 

- An angiogram is performed immediately 
upon admission 

- Conservative management results in heart 
stability and no angiogram is required 

Risk of death within One year 3 out of 100 
9 out of 100 

15 out of 100 

Risk of acute kidney injury requiring dialysis in 
hospital 

1 out of 100 
3 out of 100 

10 out of 100 

Risk of kidney damage resulting in the need for 
permanent dialysis or kidney transplant 

1 out of 100 
5 out of 100 

10 out of 100 

Risk of another heart attack within one year 6 out 100 
9 out of 100 

12 out of 100 

 

  



 

 

Table S2. Internal Validity Test Comparison to Published Discrete Choice Experiments from a Discrete 
Choice Experiment Examining Preferences of Patients with Chronic Kidney Disease for Invasive Versus 
Conservative Treatment of Acute Coronary Syndrome 

 
Test Type 

 
DCE Study 

 Percentage  

Published18 DCE 
 Percentage  
(Mean (SD)) 

Within-set dominated pairs* 18 18 (20) 

Dominated preferences 35 22 (14) 

Straight-lining 4 7 (11) 

* 10 failures from 55 tests 
Abbreviations: DCE – Discrete Choice Experiment, SD – standard deviation  



 

 

Table S3. Model Coefficients for the Categorical Multinomial Logit Model Used to Quantify the Relative 
Importance of Attributes for Patients with Chronic Kidney Disease for Invasive Versus Conservative 
Treatment of Acute Coronary Syndrome 

 
Attribute and Level 

Estimate  
Mean (SE) 

 
p-value 

Relative  
Importance* 

Treatment    2.2% 

Invasive -3.41 (4.00) 0.396  

Conservative 3.41 (4.00) 0.396  

Heart attack   15.3% 

6% 27.48 (6.12) <0.001  

9% -6.71 (5.99) 0.265  

12% -20.76 (6.24) 0.001  

Mortality   42.8% 

3% 65.54 (6.32) <0.001  

9% 3.44 (5.84) 0.556  

15% -68.99 (6.37) <0.001  

AKI requiring dialysis   17.3% 

1% 20.79 (6.92) 0.003  

3% 12.76 (6.85) 0.065  

10% -33.56 (6.26) <0.001  

ESKD   22.4% 

1% 34.82 (6.22) <0.001  

5% 0.82 (6.37) 0.897  

10% -35.64 (6.47) <0.001  

* Across the range of levels 
Consistent Akaike Information Criteria:  1,333, Bayesian Information Criteria: 1,324 
Abbreviations: SE – standard error, AKI – acute kidney injury, ESKD – end stage kidney disease. 

  



 

 

Table S4. Model Coefficients for the Continuous Multinomial Logit Model Used to Quantify the Relative 
Importance of Attributes for Patients with Chronic Kidney Disease for Invasive Versus Conservative 
Treatment of Acute Coronary Syndrome 

 
Attribute and Level 

Estimate  
Mean (SE) 

 
p-value 

Relative  
Importance 

Invasive Treatment  -3.33 (3.98) 0.402 2.1% 

Conservative Treatment 3.33 (3.98) 0.402  

Heart attack -8.07 (1.79) <0.001 15.2% 

Mortality -11.23 (0.94) <0.001 42.4% 

AKI requiring dialysis -6.31 (1.14) <0.001 17.9% 

ESKD --7.91 (1.21) <0.001 22.4% 

Consistent Akaike Information Criteria:  1,302, Bayesian Information Criteria: 1297 
Abbreviations: SE – standard error, AKI – acute kidney injury, ESKD – end stage kidney disease. 

 

  



 

 

Table S5. Model Coefficients for the Continuous Hierarchical Bayes Model from a Discrete Choice 
Experiment Examining Preferences of Patients with Chronic Kidney Disease for Invasive Versus 
Conservative Treatment of Acute Coronary Syndrome 

 
Attribute and Level 

Estimate  
Mean (SE) 

 
p-value 

Relative  
Importance 

Invasive Treatment  -2.05 (4.32) 0.637 14.4% 

Conservative Treatment 2.05 (4.32) 0.637  

Heart attack -9.47(1.17)) <0.001 16.7% 

Mortality -11.89 (0.85) <0.001 32.8% 

AKI requiring dialysis -5.55 (0.80) <0.001 15.5% 

ESKD -7.68 (0.97) <0.001 20.6% 

Abbreviations: SE – standard error, AKI – Acute Kidney Injury, ESKD – End Stage Kidney Disease 

  



 

 

Table S6. Example Estimates from Share Preference Calculations for Treatment Choice scenarios from a 
Discrete Choice Experiment Examining Preferences of Patients with Chronic Kidney Disease for Invasive 
Versus Conservative Treatment of Acute Coronary Syndrome 

Example 1 Treatment A Treatment B 
Treatment Approach Conservative Invasive 
Heart attack risk 6% 9% 
Mortality 12% 3% 
AKI requiring dialysis 1% 3% 
ESKD 5% 10% 
Preference for Treatment Option 37% 63% 
 
Example 2   
Treatment Approach Invasive Invasive 
Heart attack risk 9% 12% 
Mortality 9% 9% 
AKI requiring dialysis 3% 1% 
ESKD 5% 10% 
Preference for Treatment Option 79% 21% 
 
Example 3   
Treatment Approach Invasive Conservative 
Heart attack risk 8% 6% 
Mortality 3% 5% 
AKI requiring dialysis 3% 4% 
ESKD 1% 1% 
Preference for Treatment Option 56% 44% 

Abbreviations: AKI – acute kidney injury, ESKD – end stage kidney disease. 

 

 



 

 

Figure S1. Sensitivity Analysis.  Relative Importance of Attributes for the Overall Group and the Two Latent Class Groups Over the Range of 
Levels Excluding Patients Failing the Straight Line Test from a Discrete Choice Experiment Examining Preferences of Patients with Chronic Kidney 
Disease for Invasive Versus Conservative Treatment of Acute Coronary Syndrome. 
 

 
Abbreviations: MI – myocardial infarction, AKI – acute kidney injury, ESKD – end stage kidney disease. 
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