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ORIGINAL ARTICLE

Patient Preferences for Pharmaceutical and 
Device-Based Treatments for Uncontrolled 
Hypertension: Discrete Choice Experiment
David E. Kandzari , MD; Michael A. Weber , MD; Christine Poulos, PhD; Joshua Coulter , MA;  
Sidney A. Cohen , MD, PhD; Vanessa DeBruin, MS; Denise Jones, BSN; Atul Pathak, MD, PhD

BACKGROUND: Discrete choice experiment is a survey method used to understand how individuals make decisions and to 
quantify the relative importance of features. Using discrete choice experiment methods, we quantified patient benefit–risk 
preferences for hypertension treatments, including pharmaceutical and interventional treatments, like renal denervation.

METHODS: Respondents from the United States with physician-confirmed uncontrolled hypertension selected between 
treatments involving a procedure or pills, using a structured survey. Treatment features included interventional, noninterventional, 
or no hypertension treatment; number of daily blood pressure (BP) pills; expected reduction in office systolic BP; duration 
of effect; and risks of drug side effects, access site pain, or vascular injury. The results of a random–parameters logit model 
were used to estimate the importance of each treatment attribute.

RESULTS: Among 400 patients completing the survey between 2020 and 2021, demographics included: 52% women, mean 
age 59.2±13.0 years, systolic BP 155.1±12.3 mm Hg, and 1.8±0.9 prescribed antihypertensive medications. Reduction in 
office systolic BP was the most important treatment attribute. The remaining attributes, in decreasing order, were duration of 
effect, whether treatment was interventional, number of daily pills, risk of vascular injury, and risk of drug side effects. Risk of 
access site pain did not influence choice. In general, respondents preferred noninterventional over interventional treatments, 
yet only a 2.3 mm Hg reduction in office systolic BP was required to offset this preference. Small reductions in office systolic 
BP would offset risks of vascular injury or drug side effects. At least a 20% risk of vascular injury or drug side effects would 
be tolerated in exchange for improved BP.

CONCLUSIONS: Reduction in systolic BP was identified as the most important driver of patient treatment preference, while 
treatment-related risks had less influence. The results indicate that respondents would accept interventional treatments in 
exchange for modest reductions in systolic BP compared with those observed in renal denervation trials.
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Against the background of a high prevalence of 
uncontrolled hypertension (HTN)1 and growing 
recognition of medication nonadherence,2 there 

are an increasing number of studies evaluating renal 
denervation (RDN) and alternative interventional tech-
nologies for the treatment of HTN. In addition to clini-
cally meaningful and sustainable reductions in blood 

pressure (BP) after RDN in randomized trials,3–8 studies 
have demonstrated achievement of targeted BP mea-
sures with fewer medications or reduced dosages com-
pared with a control group.9,10

Patient-reported symptoms, outcomes, and prefer-
ences are important in assessing the benefits and risks of 
antihypertensive therapy; yet, they are rarely incorporated 
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into trials evaluating pharmaceutical or device-oriented 
strategies. An individual’s interest in treatment for HTN 
is conditioned by an understanding of the clinical benefit 
of lowering BP, symptoms, or adverse events associated 
with either uncontrolled HTN or medications, and physi-
cian endorsement.11

Considering the potential of RDN to lower BP and 
medication burden, and the potential for procedure-
related adverse events, assessing patient preference for 
alternatives to traditional pharmaceutical and lifestyle 
interventions is essential. In recent surveys of patients 
with HTN, approximately one-third preferred RDN over 
escalation of medications for BP control.11,12 Notably, 
preference for device-based therapy among patients 

may be highest among those not taking medications 
and may be independent of BP severity.11 Such observa-
tions not only inform clinical practice and development of 
guidelines, but rigorously developed quantitative patient 
preference information may also be used as valid scien-
tific evidence to aid the Food and Drug Administration in 
regulatory decision making.13–15

A discrete choice experiment (DCE) is a survey-
based preference assessment method commonly used 
to quantify how individuals value selected features of 
hypothetical treatment options. DCE enables quantita-
tive estimates of risk tolerance, including the maximum 
acceptable risks of a treatment that patients are willing 
to accept in exchange for a given treatment benefit and 
the minimum level of treatment benefit required to off-
set a specific treatment-related risk. We applied DCE 
to (1) quantify patients’ preferences for attributes of 
interventional and pharmaceutical treatments for HTN 
that include both efficacy and risks of treatment-related 
adverse events, and (2) examine the trade-offs that indi-
viduals with uncontrolled HTN are willing to make among 
different treatment attributes when choosing among var-
ied treatment options.

METHODS
Because of the sensitive nature of the data collected for this 
study, requests to access the dataset from qualified research-
ers trained in human subject confidentiality protocols may be 
sent to Medtronic at vanessa.debruin@medtronic.com.

Discrete Choice Experiment
The DCE method is a survey method that is increasingly used 
to assess preferences for attributes of products or items, 
including medical treatments.16 We used DCE to quantify ben-
efit–risk preferences because it can simultaneously evaluate 
multiple treatment features that vary between interventional 
and pharmaceutical HTN treatments.17–19 In a DCE survey, 
respondents evaluate a series of treatment choice pairs, with 
treatments characterized by varying attribute levels regard-
ing mode, efficacy, and risks. Respondents’ choices among 
treatments depend on their relative preferences for attribute 
levels. The analysis of choices yields preference weights that 
describe how each attribute level influences the likelihood 
of choosing a treatment profile. The preference weights are 
used to calculate conditional, relative attribute importance, 
which describes the magnitude of the influence that differ-
ing attribute levels have on treatment choice. Preference 
weights also provide insights into the maximum acceptable 
risk acceptable in exchange for a treatment benefit, and the 
minimum acceptable benefit required in exchange for a level 
of treatment-related risk.14,20

The study was designed in collaboration with the US 
Food and Drug Administration and followed Food and Drug 
Administration guidelines for Patient Preference Information 
studies conducted for benefit–risk assessment and guidelines 
prepared by the International Society for Pharmacoeconomics 
and Outcomes Research.18,21–23

WHAT IS KNOWN
• Renal denervation is an interventional procedure 

that has been shown to safely lower blood pres-
sure in patients with uncontrolled hypertension in 
randomized sham-controlled clinical trials. However, 
further investigation is needed to better understand 
patient preferences for an interventional procedure 
compared with antihypertensive medications.

• Discrete choice experiment is a survey-based pref-
erence assessment method commonly used to 
quantify how individuals value selected features of 
hypothetical treatment options.

WHAT THE STUDY ADDS
• This is the first discrete choice experiment study to 

examine patient preferences for hypertension treat-
ments involving interventional and/or oral antihyper-
tensive treatments.

• A discrete choice experiment survey was conducted 
with 400 patients with physician-documented 
uncontrolled hypertension on 0 to 3 antihyperten-
sive medications.

• Reduction in systolic BP was identified as the most 
important driver of patient treatment preference in 
this DCE, whereas treatment-related risks had less 
influence.

• Results determined that patients in the survey 
were willing to accept interventional treatment in 
exchange for reductions in office systolic blood 
pressure smaller than those reported in randomized 
sham-controlled clinical trials of renal denervation.

Nonstandard Abbreviations and Acronyms

BP  blood pressure
DCE  discrete choice experiment
HTN  hypertension
RDN  renal denervation
SBP  systolic blood pressure
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Survey Development
From RDN clinical trial end points, safety events, and HTN-
related outcomes recognized to be salient for clinicians and 
patients,5–7,24,25 7 attributes were identified (Table 1): (1) 
whether the treatment was interventional or pharmaceutical; 
(2) number of daily BP pills; (3) reduction in office systolic 
blood pressure (SBP); (4) duration of effect; (5) risk of drug-
related side effects; (6) risk of access site pain and/or bruising 
at the site of vascular access for an interventional treatment; 
and (7) risk of vascular injury (including renal artery stenosis 
due to interventional treatment). Attribute levels were selected 
within the ranges observed for clinical trials of HTN treatments. 
Treatment efficacy was defined as a reduction in office SBP 
from the respondents’ current SBP and included the informa-
tion that sustained reductions in office SBP reduce the risks of 
cardiovascular events, although absolute or relative risk reduc-
tions were not specified.

In a series of HTN treatment choice questions, respondents 
chose between 2 hypothetical treatments involving interven-
tional or pharmaceutical therapies that were characterized 
by specific attributes and levels. Example HTN treatment 
choice questions are shown in Figure 1. Respondents were 
asked to consider their own BP and the context of existing 
therapy, if applicable, at the time of the survey. Respondents 
were subsequently offered the choice of no HTN treatment at 
all after each treatment choice question. If patients chose “no 
treatment” as their preference, this was defined as not tak-
ing any medications or interventional procedures. The survey 
was administered during the coronavirus-19 pandemic, dur-
ing which restrictions on healthcare access (including elec-
tive surgical procedures) were imposed and varied by locality. 
Respondents were asked to choose HTN treatments as if all 
restrictions and safety concerns due to coronavirus-19 were 
removed and asked whether they felt they could successfully 
make this assumption when making choices.

To pretest the questionnaire, interviews were conducted 
among 28 patients with physician-confirmed uncontrolled 
HTN. The semistructured interviews were used to assess 
whether pretest participants understood the relationship 
between reduction of BP and reduction of stroke, myocardial 
infarction, and renal failure, the attribute descriptions and word-
ing, and the pictograms used to communicate side-effect risk. 
The interviews also explored participants’ tolerance for the 
risks of treatment-related side effects to inform the risk levels 
included in the DCE. The questionnaire was iteratively revised 
based on pretest findings until the interviews indicated that the 
questionnaire was clear. The final questionnaire also included 
items to measure respondent characteristics, including HTN 
and treatment history, health status, and socioeconomic and 
demographic characteristics.

The attribute levels used to describe the pairs of hypotheti-
cal HTN treatments presented in the choice questions were 
determined by an experimental design.23 SAS statistical soft-
ware (version 9.4) was used to generate a design with 96 treat-
ment choice questions. To avoid presenting more choice tasks 
than respondents could reasonably answer in a DCE survey, 
the experimental design was divided into 8 blocks of 12 ques-
tions. Each respondent was randomly assigned to 1 block of 
treatment choice questions. To avoid having later questions sys-
tematically affected by learning and fatigue,28,29 the order of the 
questions in each block was randomized for each respondent.

The survey included questions to assess respondent 
engagement, comprehension, and response consistency to 
evaluate data quality. Ten questions evaluated whether respon-
dents understood and remembered the attribute descriptions 
and other information in the survey. One treatment choice ques-
tion included a superior treatment choice (ie, better efficacy 
and lower risks than the alternative) to evaluate respondents’ 

Figure 1. Two example choice questions.
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attention to attribute levels when answering treatment choice 
questions. A scope test evaluated respondents’ attention to 
risk levels when answering treatment choice questions.26,27,30 
The scope test was performed to ensure respondents were 
attentive to the actual attribute levels rather recoding the levels 
as “low” or “high” when making treatment choices. Additional 
details on the scope test are provided in Supplemental Methods 
and Tables S1 and S2. To examine whether survey respondents 
were trading between all attributes when making treatment 
choices, the data were examined for attribute dominance (ie, 
whether survey respondents always chose the treatment with 
the better level of 1 particular attribute)31,32

Data Collection
Survey respondents were recruited primarily through physi-
cians identified by an independent organization specializing 
in patient research, including recruiting and data collection 
(Global Perspectives, Norfolk, England). In addition, patients 
were recruited using online panels and social media, with eligi-
bility confirmed by the individual’s physician.

Inclusion criteria confirmed by the patient’s physician were: 
age, 20 to 80 years; English-speaking resident of the United 
States; diagnosis of HTN with office SBP ≥ 140 mm Hg and 
office diastolic BP ≥ 90 mm Hg; and prescription of 0 to 3 oral 

antihypertensive medications limited to a thiazide-type diuretic, 
dihydropyridine calcium-channel blocker, angiotensin-converting 
enzyme/ or angiotensin receptor blocker, and/or beta blocker. 
BP and medication requirements were modeled after inclusion 
criteria of contemporary RDN trials.5,6 Exclusion criteria were: 
eGFR < 45 mL/min/1.73 m2, prior experience with RDN or other 
interventional treatments for HTN; chronic oxygen use; and his-
tory of cognitive impairment, dementia or Alzheimer disease. In 
addition, sampling quotas were imposed to recruit a sample that 
was distributed across 4 US census regions and reflective of the 
US population with HTN regarding age, sex, race and ethnicity, 
and number of classes of oral antihypertensive medications.33,34

The study protocol was assessed by an independent eth-
ics committee and determined to be exempt from review. All 
pretest participants and survey respondents provided informed 
consent.

Statistical Analysis
A random-parameters logit regression model was used to ana-
lyze the treatment choice data and estimate the attribute-level 
preference weights (details in Supplemental Methods). The 
model included effect-coded variables for each attribute level 
in Table 1. The estimated parameters on each attribute level are 
referred to as preference weights. A 2-sided chi-squared test 

Table 1. Attributes and Levels for the Discrete Choice Experiment Survey

Attribute Attribute levels

Interventional treatment Procedure

No procedure

Number of oral antihypertensive pills per day No daily pills

1 pill each day

2 pills each day

3 pills each day

Reduction in office systolic BP 1-point (1 mm Hg) reduction in BP

5-point (5 mm Hg) reduction in BP

10-point (10 mm Hg) reduction in BP

18-point (18 mm Hg) reduction in BP

Duration of effect 1 y

3 y

10 y

Risk of reversible drug side effects such as 
fatigue/drowsiness or dizziness, frequent urina-
tion, swollen ankles, sexual problems, persistent 
cough, or acute kidney injury due to oral antihy-
pertensive medication

None (0 out of 100 people [0%])

4 out of 100 people (4%)

12 out of 100 people (12%)

20 out of 100 people (20%)

Risk of temporary and reversible pain and/or 
bruising at the site of vascular access for inter-
ventional treatment

None (0 out of 100 people [0%])

4 out of 100 people (4%)

12 out of 100 people (12%)

20 out of 100 people (20%)

Risk of vascular injury, including narrowing of the 
artery to the kidney

Narrow* range: None (0 out of 100 
people [0%]) 

Wide* range: None (0 out of 100 
people [0%]) 

1 out of 100 people (1%) 5 out of 100 people (5%)

5 out of 100 people (5%) 20 out of 100 (20%) people

BP indicates blood pressure.
*The study included an assessment of respondents’ sensitivity to absolute differences in risks,26,27 known as a scope test. Respondents 

were randomly assigned to 1 of the 2 ranges of the risk of vascular injury: narrow or wide.
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was used to evaluate differences between preference weights. 
Statistical analyses were conducted using Stata Version 16 
(StataCorp LP, College Station, Tex.) and NLOGIT (version 
5). The estimated parameters on each attribute level were 
rescaled as follows. The difference between the largest and 
smallest parameter within each attribute was calculated. These 
differences were summed across attributes and the sum scaled 
to 100. The parameters corresponding to each attribute were 
scaled accordingly.

The preference weights were used to calculate 3 measures 
of benefit–risk preferences. First, the preference weights were 
used to calculate the conditional relative importance of each 
attribute, defined as the difference between the preference 
weights corresponding to the most and least preferred levels of 
an attribute and represented as a percentage of the sum of the 
importance of all attributes.

Second, the preference weights were used to calculate 
2 measures of risk tolerance:  the maximum acceptable risk 
and minimum acceptable benefit.14,20 Maximum acceptable 
risk is the level of treatment-related risk that offsets a specific 
change in another attribute’s levels. For example, an improve-
ment in BP reduction increases the likelihood of choosing a 
treatment, which is reflected in a higher log-odds preference 
weight for the more preferred level. The increase in the treat-
ment-related risk that exactly offsets that change in likelihood 
of treatment choice is the maximum acceptable risk. The maxi-
mum acceptable risk estimates were censored at a 20% risk 
of each adverse event to avoid extrapolation outside of the 
risk range in the DCE design. Minimum acceptable benefit is 
the level of reduction in office SBP that offsets an undesir-
able change in another treatment attribute, such as increased 
treatment-related risk. Each minimum acceptable benefit cal-
culated should be interpreted as being in addition to a 1 mm Hg 
reduction, the minimum office SBP change evaluated for this 
attribute. Both measures reflect the tolerance for risk assum-
ing respondents switch from their current treatment to another 
treatment, and do not reflect the tolerable level of risk for a 
HTN treatment over opting-out of treatment.

Finally, the predicted probability of choosing among a set 
of treatments, each with a specific benefit-risk profile was 
calculated using the sum of preferences-weighted treatment 
attributes. In this analysis, the probability of selecting an 
interventional treatment over no HTN treatment is calculated 
for interventional treatments, with the highest treatment risks 
in the study and varying levels of office SBP reduction based 
on meta-analyses.35,36

RESULTS
Between October 2020 and March 2021, 505 adults 
were either referred by physicians or identified from online 
panels and social media. Of these, 400 adults (79%) met 
the eligibility criteria, consented, and completed the sur-
vey. The majority of respondents (n=346; 86.5%) were 
recruited through physicians, and 54 (13.5%) individuals 
were recruited via online panels or social media.

Selected respondent characteristics are summa-
rized in Table 2 (additional characteristics are reported 
in Tables S3 and S4). Approximately one-half (52%) of 

the sample consisted of women, the median age was 59 
years, and more than one-half of the sample had a diag-
nosis of HTN for >5 years. Average office SBP was 155 
mm Hg. Overall, the average age, average number of 
classes of oral antihypertensive medications, and propor-
tion of the sample by sex, race, and ethnicity were similar 
to the broader US population with HTN.33,34

Response Consistency
The majority of respondents (72%) answered all 10 
of the comprehension questions correctly (responses 
in Table S5). Nearly all (92%) respondents selected a 
superior treatment over an inferior alternative, and the 
sample passed the scope test (detailed in Supplemental 
Methods), indicating that respondents understood the 
quantitative levels of vascular injury risk.

The analysis of attribute dominance indicated that over 
one-half of the sample (n=232; 58%) of respondents 
made choices based on a single attribute. Although we 

Table 2. Respondent Characteristics

 Respondents (N=400) 

Age (y) 59.2±13.0

Women (%) 206 (51.5%)

Race or ethnicity

 White 269 (67.3%)

 Black or African American 59 (14.8%)

 Hispanic or Latino 36 (9.0%)

 Asian 20 (5.0%)

 Other 16 (4%)

History of hypertension (y)

 ≤5 171 (42.8%)

 6–10 111 (27.8%)

 >10 118 (29.5%)

Highest level of education completed

 Less than high school degree 10 (2.5%)

 High school degree or equivalent 101 (25.3%)

 Technical school or some college education 122 (30.5%)

 4-year college degree 115 (28.8%)

 Graduate degree 52 (13.0%)

Baseline prescribed oral antihypertensive pills* 1.8±0.9

 0 33 (8.3%)

 1 133 (33.3%)

 2 129 (32.3%)

 3 105 (26.3%)

Office blood pressure* (mm Hg)

 Systolic blood pressure 155.1±12.3

 Diastolic blood pressure 95.2±5.3

Data are presented as mean ± standard deviation or n (%).
*These screening questions were completed by either the recruiting physician 

from Global Perspectives’ network of physicians or the respondent’s physician 
if recruited through other methods (online panels or social media) using a case 
report form provided by Global Perspectives.

https://www.ahajournals.org/doi/suppl/10.1161/CIRCOUTCOMES.122.008997
https://www.ahajournals.org/doi/suppl/10.1161/CIRCOUTCOMES.122.008997
https://www.ahajournals.org/doi/suppl/10.1161/CIRCOUTCOMES.122.008997@line 2@
https://www.ahajournals.org/doi/suppl/10.1161/CIRCOUTCOMES.122.008997@line 2@


Kandzari et al Patient Preference for Interventional Hypertension Treatment

Circ Cardiovasc Qual Outcomes. 2023;16:e008997. DOI: 10.1161/CIRCOUTCOMES.122.008997 January 2023 60

can identify respondents with dominant preferences, we 
cannot determine whether respondents made their treat-
ment choices on the basis of 1 attribute to simplify the 
choice tasks (which may bias preference estimates) or 
whether these choices are an accurate representation of 
strong preferences for that attribute. Two sets of analy-
sis were conducted to evaluate these possibilities. First, 
whether respondents with dominant preferences for 1 
or more attributes were more likely to answer questions 
incorrectly or choose the no treatment alternative was 
evaluated by calculating the correlation between domi-
nance and (1) the number of comprehension questions 
that the respondents answered correctly and (2) the num-
ber of times the respondent selected the opt-out (ie, no 
treatment) alternative. Second, an evaluation of whether 
respondents who dominated on systolic BP reduction 
(n=128; 32%) or whether the treatment involved an 
intervention (n=144; 36%) were more likely to answer 
comprehension questions incorrectly or choose the opt-
out alternative was performed. None of the correlation 
coefficients in these analyses were statistically signifi-
cant, and the correlation coefficients indicated very low 
levels of correlation (see Tables S6–S9 in Supplemental 
Materials for details). Thus, respondents with dominant 
preferences were neither more likely to answer compre-
hension questions incorrectly nor more likely to select 
the opt-out alternative. These findings therefore suggest 
that dominance may reflect true preferences.

Preference Weights
The attribute with the strongest influence on treatment 
choices was the reduction in office SBP (Figure 2). The 
remaining attributes had lower relative importance and, 
in decreasing order, were: duration of effect; whether 
treatment was interventional; number of daily pills; risk 
of vascular injury; and risk of drug side effects. Further, 
Figure 2 shows that all improvements in SBP reductions 
(patients preferring 5 mm Hg reduction over 1 mm Hg 
reduction, 10 mm Hg over 5 mm Hg, etc.) had a greater 
influence on treatment choice than any other change in 
attribute levels.

None of the relative preference weights for any level 
of the risk of temporary pain and bruising were statisti-
cally significantly different than any other (Figure 3), indi-
cating that, on average, the different levels of the risks of 
access site pain and bruising did not influence treatment 
choices. The preference weight on the no treatment 
variable indicates that respondents preferred the treat-
ments in the survey compared with no treatment. Within 
each attribute, the preference weights for most attribute 
levels were statistically significantly different from one 
another with 95% confidence interval, indicating that 
respondents differentiated between the levels, on aver-
age, when making treatment choices. Raw data of the 
preference weights are included in Table S10.

The preferences are well ordered (Figure 3), as better 
clinical outcomes were preferred. More specifically, larger 
BP reductions were preferred to smaller BP reductions, 
longer duration of effect was preferred to shorter dura-
tion of effect, fewer daily pills were preferred to more 
daily pills, and lower risks of vascular injury were pre-
ferred to higher risks.

Maximum Acceptable Risk and Minimum 
Acceptable Benefit
The maximum acceptable risk of drug-related side 
effects and vascular injuries exceeded 20% for every 
possible improvement in BP reduction, every possible 
improvement in duration of effect in the study design, 
and for a noninterventional rather than an interventional 
treatment (all other attributes assumed to be held con-
stant). In addition, the maximum acceptable risk of drug-
related side effects exceeded 20% for every possible 
reduction in the number of BP pills per day in the study 
design. The maximum acceptable risk of vascular injury 
exceeded 20% only for reducing the number of BP pills 
per day from 3 to none. Respondents were less tolerant 
of vascular injury risks in exchange for other changes in 
the number of pills, as detailed in Table S11.

For minimum acceptable benefit, respondents would 
require that treatment reduce office SBP by anything 
>0 mm Hg in exchange for bearing an increase in the 
risks of drug-related side effects by 20% and 1.1 mm Hg 
[95% CI, 0.6–1.6] in exchange for bearing an increase in 
the risks of vascular injury by 20% (assuming all other 
attributes are held constant). If all other attributes were 
equal, respondents would prefer to avoid interventional 
treatments for HTN, yet only a 2.3 mm Hg reduction in 
office SBP, on average, [95% CI, 1.7–2.9] was required 
to offset this preference.

DISCUSSION
Despite the availability of efficacious pharmacologi-
cal treatments, HTN remains the leading global cause 
of death and disability,37 and BP control rates are not 
achieved in nearly 60% of all individuals with HTN1 
irrespective of treatment. Interventional therapies, such 
as catheter-based RDN, have demonstrated consis-
tent and clinically meaningful reductions in BP.3–7,9,38,39 
Accordingly, a DCE assessment of patient preference 
for alternatives to traditional pharmaceutical and life-
style interventions is essential to align treatments with 
patient values in the shared decision-making process. 
As the first DCE inclusive of both pharmaceutical and 
interventional therapies for HTN, the findings of this 
study are: (1) respondents prioritized BP reduction over 
all other attributes and prefer receiving treatment over 
no treatment; (2) procedural safety and drug-related 
side effects did not substantially influence preference 
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for effective treatment; (3) an estimated 2.3-mm Hg 
reduction in SBP was required to shift patient prefer-
ence in favor of interventional therapy; and (4) patients’ 
tolerance for risk was higher and expectation for ben-
efit was lower than what has been observed in recent 
randomized sham-controlled trials of RDN.

Inclusion criteria were purposely matched with those 
of recent randomized, sham-controlled RDN trials40 but 
also intended to represent a contemporary US popula-
tion with HTN regarding age, race and ethnicity, as well 
as number and classes of oral antihypertensive medi-
cations. Approximately one-half of participants were 
women, the average SBP was 155 mm Hg, and more 
than half were prescribed 2 to 3 antihypertensive medi-
cations. Additionally, pretesting was performed to refine 
the survey prior to data collection to improve comprehen-
sion of the nature of treatments and treatment-related 
risks. This was also validated by the comprehension 
questions and response consistency.

In general, reduction in office SBP had a greater 
influence on treatment choice than on duration of BP 
lowering effect, number of daily pills, risk of drug-related 

side effects, and even risk of vascular injury. However, 
the results indicate that the risks of treatment-related 
adverse events were less influential than treatment 
efficacy. In fact, the maximum acceptable risk of drug-
related side effects or vascular injury exceeded 20% for 
every possible improvement in BP reduction or duration 
of effect, most reductions in the number of BP pills per 
day, and for a noninterventional rather than an interven-
tional treatment. Notably, this level of risk far exceeds 
observed procedural adverse event rates in randomized 
controlled trials of RDN.5–7,25

Preference for interventional treatment similarly 
increased with the magnitude of the BP reduction. As 
an example, Figure 4 illustrates the predicted probability 
of choosing an interventional treatment (without medi-
cations) over no HTN treatment when the interventional 
treatment has the maximum levels of the risks of proce-
dure-related side effects included in the survey. The pre-
dicted probability of choosing an interventional treatment 
with these characteristics would be 6.9% if the office 
SBP reduction was 2.5 mm Hg. The probability increases 
with the reduction in office SBP, with 76.5% predicted 

Figure 2. Conditional relative importance.
BP indicates blood pressure. The conditional relative importance is the difference between the preference weights on the most influential 
attribute level and the least influential attribute level. These differences are summed across attributes, and the sum is scaled to 100. The 
conditional importance of each attribute is a percentage of this total. The vertical bars surrounding each relative importance weight estimate 
denote the 95% confidence interval around the point estimate (computed by the delta method).
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to choose an interventional treatment with a 10 mm Hg 
reduction.

The fact that treatment-related risks of AEs had less 
influence on treatment choices than on treatment benefits 
is consistent with the results of other quantitative prefer-
ence research on treatments for HTN. In a DCE study of 
preferences for attributes of oral antihypertensive medi-
cations among people with type 2 diabetes, de Vries et 
al found that the treatment effect on BP was the most 
important attribute when choosing a drug, followed by 
the risk of adverse drug events.41 In a best-worst scaling 
study of adults with HTN in the United States, treatment 
outcomes related to cardiac event-risk reduction due to 
BP reduction were more important to respondents than 
adverse events related to antihypertensive therapy.42

Recent studies from Western Europe and the United 
States applied rating scales to assess patients’ willingness 
to consider RDN, and direct questions to elicit a choice 
between RDN and pills only.11 Schmieder et al11 reported 
that 38% to 47% of patients whose most recent SBP was 
140 mm Hg or higher were willing to consider RDN. These 
responses were largely independent of baseline BP and 
number of medications. Herein, we found that patients had 
a higher preference for interventional treatment associated 
with greater office SBP reduction (Figure 4). Furthermore, 
Schmieder et al11 found that preference for RDN was high-
est among those not taking medications, yet in the present 
study, preferences for interventional therapy were driven 
by the potential for BP reduction and durability, but not 
by treatment-related risks. Importantly, unlike prior studies 

Figure 3. Preference weights for treatment attributes.
BP indicates blood pressure. The vertical bars surrounding each mean preference weight denote the 95% confidence interval about the 
point estimate. The estimated parameters on each attribute level were rescaled as follows. The difference between the largest and smallest 
parameter within each attribute was calculated. These differences were summed across attributes, and the sum scaled to 100. The parameters 
corresponding to each attribute were rescaled relative to this sum. Rescaled preference weights are plotted in the positive and negative 
quadrants for attributes in which changes between levels were perceived by respondents to be advantageous or disadvantageous, respectively. 
The vertical distance between preference weights within an attribute describe the relative importance of changes in attribute levels, which is a 
measure of how much that parameter influences choice.



Kandzari et al Patient Preference for Interventional Hypertension Treatment

Circ Cardiovasc Qual Outcomes. 2023;16:e008997. DOI: 10.1161/CIRCOUTCOMES.122.008997 January 2023 63

eliciting choices among RDN and other treatments on the 
basis of direct questioning and with few details about treat-
ment attributes,11,43 this DCE elicited preferences for inter-
ventional and pharmaceutical HTN treatment by detailing 
the benefit and risks, with outcomes based on existing 
clinical trials evidence5,6

LIMITATIONS
The DCE method limited the total number of attributes 
that could be assessed for a given treatment. Therefore, 
selected attributes were those considered most impor-
tant to individuals with uncontrolled HTN, inclusive of 
both efficacy and safety. Physician endorsement of a 
procedure was not included, which has been shown to 
influence patients’ decision making.11 Estimates of abso-
lute or relative reduction in clinical events associated with 
lowering BP were not provided because the association 
may differ for each individual. However, as confirmed in 
the pretest, respondents demonstrated a high level of 
comprehension regarding the clinical benefits of improv-
ing BP control. In the survey, respondents were given the 
choice of “no treatment,” with an explanation that their 
BP or health risks would not change. Because stopping 

antihypertensive pharmacologic treatments would likely 
increase BP or risk of events, this explanation could 
have been misleading and result in underestimation of 
respondents’ interest in HTN treatment. Preferences 
regarding pill intake also did not include single pill com-
bination therapy, although preference weighting related 
to number of daily pills was generally similar compared 
with attributes such as extent of BP reduction and dura-
bility. In addition, although there were 400 respondents 
recruited using commonly accepted approaches,14,23 it 
is possible those surveyed do not necessarily represent 
a true indication of the hypertensive population in the 
United States. Finally, this survey was conducted dur-
ing the coronavirus-19 pandemic, and the influence of 
the pandemic on perceptions related to seeking health 
care is uncertain. However, the majority of respondents 
demonstrated an ability to answer the treatment choice 
questions in the survey as if related safety concerns and 
restrictions were resolved (Table S12).

CONCLUSIONS
Patient preferences for treatment are highly relevant 
and have implications regarding how recommendations 

Figure 4. Sensitivity analysis: predicted probability of choosing an interventional treatment compared with no treatment based 
on degree of BP reduction.
Plotted is the predicted probability of choosing an interventional treatment (without concomitant oral antihypertensive therapy) over no HTN 
treatment when the interventional treatment has the maximum levels of the risks of procedure-related side effects included in the survey. The 
predicted probability of choosing an interventional treatment would be 6.9% if the office systolic BP reduction was 2.5 mm Hg. The predicted 
probability increases to 24.3% would choose an interventional treatment with a 5 mm Hg reduction, and 76.5% are predicted to choose an 
interventional treatment with a 10 mm Hg reduction. BP indicates blood pressure; and HP, hypertension. *5 mm Hg reduction based on Rahimi 
et al.35 **10 mm Hg reduction based on Ettehad et al.36 The vertical bars surrounding each point estimate denote the 95% confidence interval 
about the point estimate.

https://www.ahajournals.org/doi/suppl/10.1161/CIRCOUTCOMES.122.008997
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are made by healthcare providers, received by patients 
and endorsed by payers. Using a DCE to quantify prefer-
ences for both pharmaceutical and interventional thera-
pies to treat uncontrolled HTN, respondents prioritized 
BP reduction over all other attributes, and procedural 
safety and drug-related side effects did not substantially 
offset preference for an effective therapy. Furthermore, 
relatively small reductions in BP were sufficient to offset 
patients’ preference for interventional treatments, such 
as RDN, over pharmacological treatments.

ARTICLE INFORMATION
Received February 4, 2022; accepted  November 7, 2022.

Affiliations
Piedmont Heart Institute, Atlanta, GA (D.E.K.). SUNY Downstate College of 
Medicine, Brooklyn, NY (M.A.W.). RTI Health Solutions, Research Triangle Park, 
NC (C.P.). Medtronic, Santa Rosa, CA (S.A.C., V.D.B., D.J.). Department of Cardio-
vascular Medicine, Centre Hospitalier Princese Grace, Monaco (A.P.). UMR UT 
CNRS 88 Hypertension and Heart Failure: molecular and clinical investigations. 
Toulouse, France, INI-CRCT F-CRIN, GREAT Networks (A.P.). RTI Health Solu-
tions, Research Triangle Park, NC, (J.C.).

Acknowledgments
Beth Ferri, PhD, CMPP and Benjamin Woods, PhD provided editorial support 
under the direction of the first author. Joshua Coulter is an employee of RTI 
Health Solutions.

Sources of Funding
The study was funded by Medtronic.

Disclosures
Dr. Kandzari reports institutional research/grant support from Biotronik, Boston 
Scientific, Cardiovascular Systems, Inc., Orbus Neich, Teleflex, Medtronic, and 
Ablative Solutions; and personal consulting honoraria from Ablative Solutions, 
Cardiovascular Systems, Inc., Magenta Medical, Medtronic, and Terumo.

Dr. Weber is a consultant for Medtronic, ReCor, Ablative Solutions, Johnson 
& Johnson, and Urovant.

Christine Poulos is a full-time employee of RTI Health Solutions, an indepen-
dent, nonprofit research organization, which received funding pursuant to a con-
tract from Medtronic to conduct the study that is the subject of this article. Josh 
Coulter was a full-time employee of RTI Health Solutions at the time of the study.

Dr. Cohen is a consultant for Medtronic and owns stock and stock options 
in Medtronic.

Ms. DeBruin and Ms. Jones are employees of Medtronic.
Dr. Pathak reports personal consulting from Medtronic, ReCor, Ablative Solu-

tions, Merck, Recordati, Boehringer Ingelheim and Astra Zeneca.

Supplemental Material
Supplemental Methods.
Scope Test: Description of Test, Results, and Figure Summarizing Results.
Tables S1–S12.

REFERENCES
 1. Muntner P, Hardy ST, Fine LJ, Jaeger BC, Wozniak G, Levitan EB, 

Colantonio LD. Trends in blood pressure control among us adults with 
hypertension, 1999–2000 to 2017–2018. JAMA 2020;324:1190–1200. 
doi: 10.1001/jama.2020.14545

 2. Burnier M, Egan BM. Adherence in hypertension. Circ Res. 2019;124:1124–
1140. doi: 10.1161/CIRCRESAHA.118.313220

 3. Azizi M, Sanghvi K, Saxena M, Gosse P, Reilly JP, Levy T, Rump LC, Persu A, 
Basile J, Bloch MJ, et al; RADIANCE-HTN Investigators. Ultrasound renal 
denervation for hypertension resistant to a triple medication pill (RADIANCE-
HTN TRIO): a randomised, multicentre, single-blind, sham-controlled trial. 
Lancet 2021;397:2476–2486. doi: 10.1016/S0140-6736(21)00788-1

 4. Azizi M, Schmieder RE, Mahfoud F, Weber MA, Daemen J, Davies J, 
Basile J, Kirtane AJ, Wang Y, Lobo MD, et al; RADIANCE-HTN Investigators. 

Endovascular ultrasound renal denervation to treat hypertension (RADI-
ANCE-HTN SOLO): a multicentre, international, single-blind, randomised, 
sham-controlled trial. Lancet 2018;391:2335–2345. doi: 10.1016/ 
S0140-6736(18)31082-1

 5. Bohm M, Kario K, Kandzari DE, Mahfoud F, Weber MA, Schmieder RE, 
Tsioufis K, Pocock S, Konstantinidis D, Choi JW, et al; SPYRAL HTN-OFF 
MED Pivotal Investigators. Efficacy of catheter-based renal denerva-
tion in the absence of antihypertensive medications (SPYRAL HTN-OFF 
MED Pivotal): a multicentre, randomised, sham-controlled trial. Lancet 
2020;395:1444–1451. doi: 10.1016/S0140-6736(20)30554-7

 6. Kandzari DE, Bohm M, Mahfoud F, Townsend RR, Weber MA, Pocock S, 
Tsioufis K, Tousoulis D, Choi JW, East C, et al; SPYRAL HTN-ON MED Trial 
Investigators. Effect of renal denervation on blood pressure in the pres-
ence of antihypertensive drugs: 6-month efficacy and safety results from 
the SPYRAL HTN-ON MED proof-of-concept randomised trial. Lancet 
2018;391:2346–2355. doi: 10.1016/S0140-6736(18)30951-6

 7. Townsend RR, Mahfoud F, Kandzari DE, Kario K, Pocock S, Weber MA, 
Ewen S, Tsioufis K, Tousoulis D, Sharp ASP, et al; SPYRAL HTN-OFF MED 
trial investigators. Catheter-based renal denervation in patients with uncon-
trolled hypertension in the absence of antihypertensive medications (SPY-
RAL HTN-OFF MED): a randomised, sham-controlled, proof-of-concept trial. 
Lancet 2017;390:2160–2170. doi: 10.1016/S0140-6736(17)32281-X

 8. Mahfoud F, Kandzari DE, Kario K, Townsend RR, Weber MA, Schmieder  
RE, Tsioufis K, Pocock S, Dimitriadis K, Choi JW, et al. Long-term efficacy 
and safety of renal denervation in the presence of antihypertensive drugs 
(SPYRAL HTN-ON MED): a randomised, sham-controlled trial. Lancet 
2022;399:1401–1410. doi: 10.1016/S0140-6736(22)00455-X

 9. Azizi M, Schmieder RE, Mahfoud F, Weber MA, Daemen J, Lobo MD, 
Sharp ASP, Bloch MJ, Basile J, Wang Y, et al. Six-month results of treatment-
blinded medication titration for hypertension control following randomiza-
tion to endovascular ultrasound renal denervation or a sham procedure in 
the RADIANCE-HTN SOLO trial. Circulation 2019;139:2542–2553. doi: 
10.1161/CIRCULATIONAHA.119.040451

 10. Kandzari DE, Hickey GL, Pocock SJ, Weber MA, Bohm M, Cohen SA, 
Fahy M, Lamberti G, Mahfoud F. Prioritised endpoints for device-based 
hypertension trials: the win ratio methodology. EuroIntervention 
2021;16:e1496–e1502. doi: 10.4244/EIJ-D-20-01090

 11. Schmieder RE, Kandzari DE, Wang TD, Lee YH, Lazarus G, Pathak A. Dif-
ferences in patient and physician perspectives on pharmaceutical therapy 
and renal denervation for the management of hypertension. J Hypertens. 
2021;39:162–168. doi: 10.1097/HJH.0000000000002592

 12. Schmieder RE, Hogerl K, Jung S, Bramlage P, Veelken R, Ott C. Patient pref-
erence for therapies in hypertension: a cross-sectional survey of German 
patients. Clin Res Cardiol. 2019;108:1331–1342. doi: 10.1007/s00392- 
019-01468-0

 13. Benz HL, Saha A, Tarver ME. Integrating the voice of the patient into the 
medical device regulatory process using patient preference information. 
Value Health. 2020;23:294–297. doi: 10.1016/j.jval.2019.12.005

 14. Ho MP, Gonzalez JM, Lerner HP, Neuland CY, Whang JM, McMurry- 
Heath M, Hauber AB, Irony T. Incorporating patient-preference evidence 
into regulatory decision making. Surg Endosc. 2015;29:2984–2993. doi: 
10.1007/s00464-014-4044-2

 15. Kux L. Patient preference information—voluntary submission, review in pre-
market approval applications, humanitarian device exemption applications, 
and de novo requests, and inclusion in decision summaries and device 
labeling; guidance for industry, food and drug administration staff and other 
stakeholders; availability. 2016;81:57919–57921.

 16. Medical Device Innovation Consortium (MDIC) Patient centered benefit‐risk 
project report: a framework for incorporating information on patient prefer-
ences regarding benefit and risk into regulatory assessments of new medi-
cal technology 2015.

 17. Consortium MDI. Patient centered benefit-risk project report: a framework 
for incorporating information on patient preferences regarding benefit and 
risk into regulatory assessments of new medical technology. 2015.

 18. Bridges JF, Hauber AB, Marshall D, Lloyd A, Prosser LA, Regier DA, 
Johnson FR, Mauskopf J. Conjoint analysis applications in health—a 
checklist: a report of the ISPOR Good Research Practices for Conjoint 
Analysis Task Force. Value Health. 2011;14:403–413. doi: 10.1016/j. 
jval.2010.11.013

 19. Soekhai V, de Bekker-Grob EW, Ellis AR, Vass CM. Discrete choice experi-
ments in health economics: past, present and future. PharmacoEcon. 
2019;37:201–226. doi: 10.1007/s40273-018-0734-2

 20. Van Houtven G, Johnson FR, Kilambi V, Hauber AB. Eliciting benefit-
risk preferences and probability-weighted utility using choice-format 



Kandzari et al Patient Preference for Interventional Hypertension Treatment

Circ Cardiovasc Qual Outcomes. 2023;16:e008997. DOI: 10.1161/CIRCOUTCOMES.122.008997 January 2023 65

conjoint analysis. Med Decis Making. 2011;31:469–480. doi: 10.1177/ 
0272989X10386116

 21. Administration FaD. Patient preference information – voluntary submission, 
review in premarket approval applications, humanitarian delivery system 
exemption applications, and de novo requests, and inclusion in decision 
summaries and delivery system labeling – guidance for industry, Food and 
Drug Administration staff, and other stakeholders. 2016.

 22. Hauber AB, Gonzalez JM, Groothuis-Oudshoorn CG, Prior T, Marshall DA, 
Cunningham C, MJ IJ, Bridges JF. Statistical methods for the analysis of 
discrete choice experiments: a report of the ISPOR conjoint analysis good 
research practices task force. Value Health. 2016;19:300–315.

 23. Reed Johnson F, Lancsar E, Marshall D, Kilambi V, Muhlbacher A,  
Regier DA, Bresnahan BW, Kanninen B, Bridges JF. Constructing experi-
mental designs for discrete-choice experiments: report of the ISPOR con-
joint analysis experimental design good research practices task force. Value 
Health. 2013;16:3–13. doi: 10.1016/j.jval.2012.08.2223

 24. Mahfoud F, Mancia G, Schmieder R, Narkiewicz K, Ruilope L, Schlaich  
M, Whitbourn R, Zirlik A, Zeller T, Stawowy P, et al. Renal denerva-
tion in high-risk patients with hypertension. J Am Coll Cardiol. 2020;75: 
2879–2888. doi: 10.1016/j.jacc.2020.04.036

 25. Townsend R, Walton A, Hettrick DA, Hickey GL, Weil J, Sharp ASP, 
Bohm M, Mancia G. Incidence of renal artery damage following per-
cutaneous renal denervation with radio frequency renal artery ablation 
systems: review and meta-analysis of published reports. EuroIntervention. 
2020;16:89–96. doi: 10.4244/EIJ-D-19-00902

 26. Poulos C, Curran D, Anastassopoulou A, De Moerlooze L. German travelers’ 
preferences for travel vaccines assessed by a discrete choice experiment. 
Vaccine 2018;36:969–978. doi: 10.1016/j.vaccine.2018.01.004

 27. Poulos C, Standaert B, Sloesen B, Stryjewska I, Janitsary A, Hauber B. 
Preferences for vaccines against children’s diarrheal illness among moth-
ers in Poland and Hungary. Vaccine 2018;36:6022–6029. doi: 10.1016/j. 
vaccine.2018.08.001

 28. Maddala T, Phillips KA, Reed Johnson F. An experiment on simplify-
ing conjoint analysis designs for measuring preferences. Health Econ. 
2003;12:1035–1047. doi: 10.1002/hec.798

 29. Schwappach DL, Strasmann TJ. “Quick and dirty numbers?” The reli-
ability of a stated-preference technique for the measurement of prefer-
ences for resource allocation. J Health Econ. 2006;25:432–448. doi: 
10.1016/j.jhealeco.2005.08.002

 30. Poulos C, Vass C, Klein K, Boeri M. Scope tests in health care discrete 
choice experiments. Value Health. 2020;23:S320. doi: 10.1016/j. 
jval.2020.04.1191

 31. Janssen EM, Marshall DA, Hauber AB, Bridges JFP. Improving the qual-
ity of discrete-choice experiments in health: how can we assess valid-
ity and reliability?. Expert Rev Pharmacoecon Outcomes Res 2017;17: 
531–542. doi: 10.1080/14737167.2017.1389648

 32. Johnson FR, Yang JC, Reed SD. The internal validity of discrete choice 
experiment data: a testing tool for quantitative assessments. Value Health. 
2019;22:157–160. doi: 10.1016/j.jval.2018.07.876

 33. Bress AP, Tanner RM, Hess R, Colantonio LD, Shimbo D, Muntner P. Gener-
alizability of SPRINT results to the U.S. adult population. J Am Coll Cardiol. 
2016;67:463–472. doi: 10.1016/j.jacc.2015.10.037

 34. Muntner P, Carey RM, Gidding S, Jones DW, Taler SJ, Wright JT Jr, 
Whelton PK. Potential US Population Impact of the 2017 ACC/AHA High 
Blood Pressure Guideline. Circulation 2018;137:109–118. doi: 10.1161/ 
CIRCULATIONAHA.117.032582

 35. Blood Pressure Lowering Treatment Trialists Collaboration. Blood pres-
sure-lowering treatment based on cardiovascular risk: a meta-analysis of 
individual patient data. Lancet. 2014;384:591–598. doi: 10.1016/S0140- 
6736(14)61212-5

 36. Ettehad D, Emdin CA, Kiran A, Anderson SG, Callender T, Emberson J, 
Chalmers J, Rodgers A, Rahimi K. Blood pressure lowering for prevention 
of cardiovascular disease and death: a systematic review and meta-analysis. 
Lancet 2016;387:957–967. doi: 10.1016/S0140-6736(15)01225-8

 37. Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK, He J.  
Global burden of hypertension: analysis of worldwide data. Lancet  
2005;365:217–223. doi: 10.1016/S0140-6736(05)17741-1

 38. Kandzari DE, Townsend RR, Bakris G, Basile J, Bloch MJ, Cohen DL, 
East C, Ferdinand KC, Fisher N, Kirtane A, et al. Renal denervation in 
hypertension patients: Proceedings from an expert consensus round-
table cosponsored by SCAI and NKF. Catheter Cardiovasc Interv. 
2021;98:416–426. doi: 10.1002/ccd.29884

 39. Schmieder RE, Mahfoud F, Mancia G, Azizi M, Bohm M, Dimitriadis K, Kario  
K, Kroon AA, M DL, Ott C, et al. European Society of Hypertension position 
paper on renal denervation 2021. J Hypertens. 2021;39:1733–1741. doi: 
10.1097/HJH.0000000000002933

 40. Bohm M, Townsend RR, Kario K, Kandzari D, Mahfoud F, Weber MA, 
Schmieder RE, Tsioufis K, Hickey GL, Fahy M, et al. Rationale and design 
of two randomized sham-controlled trials of catheter-based renal denerva-
tion in subjects with uncontrolled hypertension in the absence (SPYRAL 
HTN-OFF MED Pivotal) and presence (SPYRAL HTN-ON MED Expan-
sion) of antihypertensive medications: a novel approach using Bayesian 
design. Clin Res Cardiol. 2020;109:289–302. doi: 10.1007/s00392-020- 
01595-z

 41. de Vries McClintock HF, Wiebe DJ, O’Donnell AJ, Morales KH, 
Small DS, Bogner HR. Neighborhood social environment and patterns 
of adherence to oral hypoglycemic agents among patients with type 
2 diabetes mellitus. Fam Community Health. 2015;38:169–179. doi: 
10.1097/FCH.0000000000000069

 42. Metcalfe RK, Harrison M, Hutfield A, Lewisch M, Singer J, Magee LA, 
Bansback N. Patient preferences and decisional needs when choosing a 
treatment approach for pregnancy hypertension: a stated preference study. 
Can J Cardiol. 2020;36:775–779. doi: 10.1016/j.cjca.2020.02.090

 43. Kagitani H, Hayashi S, Hanamura S, Ozawa K, Kobayashi D, Hiki S, 
Kario K. A Japan nationwide web-based survey of estimation on patients 
for renal denervation based on blood pressure level and the number of 
antihypertensives (J-NEEDs survey). J Clin Hypertens (Greenwich). 2021; 
23:1684–1694. doi: 10.1111/jch.14339


